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 Key Points 
For exercise training to improve respiratory function the training intensity must be relatively high (70-
80% of maximum heart rate) performed three times per week for six weeks.  Ideal training regimes 
have not been identified. 

Respiratory muscle training improves respiratory muscle strength and endurance in people with 
SCI. 

The use of bronchodilators should be considered in people with tetraplegia who demonstrate an 
element of obstructive airway impairment. 

The effects of other medications commonly used in the management of SCI, such as baclofen and 
oxybutynin, should be considered when reviewing airway hyperreactivity in people with tetraplegia. 

The short-term use of oxandrolone can be considered to improve pulmonary function in people with 
tetraplegia.  

Progressive ventilator free breathing protocol should be considered for ventilator dependent people 
with tetraplegia who are appropriate for ventilator weaning.  

Resistive and endurance training should be considered in people who are candidates for ventilator 
weaning. 

Case by case consideration should be given to tracheostomy decannulation in people with SCI. The 
indications and criteria for tracheostomy decannulation have not been established in SCI. 

Abdominal binding can be used to achieve immediate improvements in respiratory function, but 
long-term effects can be sustained during its application. 

Chest wall vibration may improve pulmonary function while the vibration is applied, but carry-over 
effects when the vibration is not in use have not been evaluated. 

There is limited evidence that immersion to shoulder-deep 33-34° C water can improve pulmonary 
function immediately, but carry-over effects following immersion have not been evaluated. 

Patients with SCI have a high prevalence of obstructive sleep apnea, and therapy may improve 
quality of life and other outcomes. Therefore, we recommend vigilance for suggestive signs and 
symptoms (e.g., snoring, obesity, witnessed apneas, daytime sleepiness) and further testing in 
patients with suggestive symptoms/signs (with overnight oximetry or polysomnography). 

There is limited evidence that suggests that improving inspiratory and expiratory muscle force is 
important to maximize expiratory flow during cough. 

Cough effectiveness can be enhanced by a variety of methods including manual assistance by a 
caregiver, respiratory muscle training, and/or electrical stimulation triggered by the person with SCI. 

Hand-held expiratory pressure devices may enhance secretion removal in people with SCI. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lung volume recruitment (or ‘breathstacking’) including mechanical insufflation-exsufflation coupled 
with chest wall therapy has been shown to improve peak cough flow and respiratory system 
compliance. 

There is some evidence that suggests a higher survival rate, as well as better power wheelchair 
management, phonation success, and patient satisfaction in phrenic paced participants compared to 
mechanically ventilated participants. 

Phrenic nerve or diaphragmatic stimulation may be used as a long-term alternative to mechanical 
ventilation for people with injuries at C2 or above. 
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MIE   Mechanical Insufflation-Exsufflation 
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PImax   Maximal Inspiratory Pressure 
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Respiratory Management  
Following Spinal Cord Injury 

 

Executive Summary 

What respiratory problems occur after injury? 
 

• Difficulty clearing mucus: The airways naturally produce mucus to trap debris. Problems with 
coughing or swallowing can cause the mucus to collect in the airways. This can encourage the 
growth of bacteria.  

• Pulmonary embolism: When a blood clot forms, it can travel and cause a blockage within the 
lungs. This is referred to as pulmonary embolism.  

• Reduced lung capacity: If the respiratory muscles are weak or paralyzed, not as much air 
can be breathed into or out of the lungs. 

• Respiratory failure: When the lungs cannot efficiently exchange carbon dioxide for oxygen, 
oxygen levels may become too low or carbon dioxide levels may become too high.  

• Pneumonia: When bacteria or viruses find their way into the lungs, an infection known as 
pneumonia can occur.  
 

Respiratory system complications can be made worse by pre-existing medical conditions, history of 
smoking, advanced age and by therapeutic measures to manage the resuscitation phase of the 
injured patient. 
 
How common are respiratory problems after Spinal Cord Injury? 
Respiratory problems affect 36-83% of SCI people in their acute phase or early phase of injury. 
Pneumonia, collapsed lung, and respiratory failure are the three most common respiratory problems. 
Respiratory complications continue to be one of the leading causes of morbidity and mortality in 
people with spinal cord injury (SCI), especially among cervical and higher thoracic injuries.   
The complexity and the severity of respiratory problems after Spinal Cord Injury depend on which 
respiratory muscles are affected and at what level your spinal cord injury is. Complete paralysis of all 
muscles involved with respiration occurs when the lesion is above C3; this type of injury requires 
immediate and permanent ventilatory support in order to sustain life.  When the injury is between C3 
to C5 (innervation of the diaphragm), respiratory insufficiency occurs via respiratory muscle 
dysfunction.   
SCI at most levels affects innervation of the abdominal muscles which severely compromises the 
ability to generate cough and clear respiratory secretions.  Cough generation is accomplished by a 
large inspiratory volume followed by an expulsive expiration produced by the expiratory intercostals 
muscles (thoracic roots) and the abdominal muscles (T4-L1). Cough is important as a defense 
mechanism to prevent respiratory tract infections and atelectasis. The respiratory system has other 
important roles such as speaking and posture-related activities which can also be negatively impacted 
by the SCI, especially with higher lesions. 
 
What are the risk factors for respiratory problems? 
Many factors may contribute to how respiratory problems develop. These include: 

• Completeness of the injury 
• Cause of the injury 
• Problems from tracheostomies or mechanical ventilation 
• A more severe injury 
• A larger lesion 
• A higher level of injury 
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• Other fractures 

• A surgical tracheostomy instead of a percutaneous tracheostomy 
• No return of certain reflexes one day after the SCI 
 

What management options are there for respiratory problems? 
 
Non-Pharmacological Options 

• Respiratory muscle training improves respiratory muscle strength and endurance in people 
with SCI. 5 RCTs and several pre-post and case studies support Inspiratory Muscle Training 
(IMT) as an intervention that will improve inspiratory muscle strength and might decrease 
dyspnea and respiratory infections in some people with SCI. 

• Secretion removal techniques are common practice in people with spinal cord injury and yet 
there is predominantly only level 4 evidence to support the use of some airway clearance 
techniques to facilitate secretion removal in this population.  There is level 2 evidence in 
support of mechanical insufflation/exsufflation coupled with manual chest therapy 
kinesitherapy techniques.  

• There is no evidence that we know of that supports one airway clearance technique over 
another, and there are no criteria available to indicate when to implement the various airway 
clearance techniques. 

• Cough effectiveness can be enhanced by a variety of methods including manual assistance by 
a caregiver and/or electrical stimulation triggered by the person with SCI. 

• Chest percussion is a method where vibrations to the chest loosen mucus for easier removal.  
Vibrations can be made by clapping the chest. During manual assisted coughing, gentle 
pressure is applied to the chest during coughing. These techniques have been shown to 
reduce deaths related to respiratory problems. Chest wall vibration may improve pulmonary 
function while the vibration is applied (level 4 evidence based on 1 pre-post study) but long 
term effects when the vibration is not in use has not been evaluated.  

• There is evidence from a case series study that progressive ventilator free breathing (PFVB) 
protocol is more successful for weaning people with C3 and C4 spinal cord injuries than 
intermittent mandatory ventilation (IMV).  

• There is evidence from 1 RCT and 1 pre-post trial that intermittent positive-pressure breathing 
(IPPB) has no immediate, short-term or long-term effects on lung function within one year of 
SCI. 

• Resistance and endurance training might improve resting and exercising respiratory function 
and should be considered in people who are candidates for ventilator weaning.   

• A tracheostomy (a surgical hole through the windpipe) serves as another pathway for 
breathing or removal of mucus. There is evidence that early tracheostomy, performed within a 
week of intubation, is beneficial. There is also evidence from a cohort study that the 
Tracheostomy Review and Management Service (TRAMS) reduces length of stay (LOS), 
duration of cannulation (DOC) and saves costs, while increasing speaking valve usage. 
However, the indications and criteria for tracheostomy tube removal have not been definitively 
established in SCI. 

• Abdominal binding in tetraplegic individuals can improve respiratory function, and longer term 
use can continue to be effective.  

• Patients with SCI have a high prevalence of obstructive sleep apnea, and therapy may 
improve quality of life and other outcomes. Therefore, we recommend vigilance for suggestive 
signs and symptoms (e.g., snoring, obesity, witnessed apneas, daytime sleepiness) and 
further testing in patients with suggestive symptoms/signs (with overnight oximetry or 
polysomnography).  

• Phrenic nerve or diaphragmatic stimulation may be used as a long-term alternative to 
mechanical ventilation for people with injuries at C2 or above, and that people in phrenic paced 
conditions have better power wheelchair management, phonation success, have earlier 
hospital discharge rates, lower mortality and are more satisfied than their mechanically 
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ventilated counterparts. Long-term partial or total independence from mechanical ventilation 
can generally be interpreted as a successful intervention with these devices. 
 

Pharmacological Options 
• The use of Bronchodilators should be considered in people with tetraplegia who demonstrate 

an element of obstructive airway impairment. For instance, 2 RCTs showed that salbutamol or 
salmeterol had beneficial effect on respiratory function in people with tetraplegia; 
bronchodilators may also have additional effects in strengthening breathing muscles such as 
the diaphragm. Caution should be used with ipratropium as it has been proposed that it may 
cause mucus in the airways to thicken, neutralizing its positive effects on breathing,64 though 
some studies have shown positive effects of ipratropium and metaproterenol on pulmonary 
function in people with tetraplegia. 

• The effects of medications commonly used in the management of SCI, such as baclofen and 
oxybutynin, can decrease or block hyperresponsiveness to methacholine, but not histamine, in 
tetraplegia. There is 1 RCT that showed that high-dose IV ambroxol after surgery increases 
blood oxygenation in cervical spinal cord injured patients with motor complete injuries. 

• There is conflicting evidence that the short-term use of oxandrolone improves pulmonary 
function in people with tetraplegia.  

 
Limitations of What We Know 
Much of the SCI-respiratory literature focuses on the acute care of the SCI patient. Given that long-
term survival rates following SCI injury have increased in recent years, a greater understanding of the 
effects of chronic SCI on the respiratory system is necessary.  This is largely due to the fact that there 
have been relatively few well designed studies that point to effective management strategies.  Specific 
major concerns include an overall lack of RCTs; patient sample sizes are often small offering little 
statistical power; lack of appropriate control or placebo groups; and inadequate characterization of the 
SCI.  In addition, most studies do not take into account gender, time since injury, smoking history and 
other respiratory complications.  As such, the amount and quality of the literature can be considered 
modest at best and the ability to generalize is limited. 
If we determined the most efficient and effective techniques that are comfortable and readily adhered 
to for people with SCI in order to facilitate airway clearance, it would improve their quality of life and 
decrease health care costs. 
 
For more information:  
SCIRE Professional: Pulmonary Complications during Acute SCI. Available from 
https://scireproject.com/evidence/acute-evidence/respiratory-management-during-acute-phase-of-
spinal-cord-injury/pulmonary-complications-during-acute-sci/  
Clinical practice guidelines addressing SCI: 
1) The Paralyzed Veterans of America (PVA) Consortium for Spinal Cord Medicine—Respiratory 
management following spinal cord injury: a clinical practice guideline for health-care professionals 
(2005), and  
2) Home mechanical ventilation:  A Canadian Thoracic Society clinical practice guideline. 
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1.0 Introduction 

“Despite significant progress in both basic and clinical research, there is still a significant gap in our 
understanding of the effect of SCI on the respiratory system,” (Zimmer et al. 2007, p. 319). The 
respiratory system, including the lungs, respiratory muscles, and neural control system, is a complex 
integrated physiological system that is not yet fully understood.  The respiratory system is unique in 
that it must operate in a cyclical and highly coordinated fashion for 24 hours per day in order to sustain 
life.  Respiratory complications continue to be one of the leading causes of morbidity and mortality in 
people with spinal cord injury (SCI), especially among cervical and higher thoracic injuries (Rabadi et 
al. 2013; Cao et al. 2013; Shavelle et al. 2006).  This continues to be the case despite recent 
advances in SCI patient care where acute and long-term mortality rates have been significantly 
reduced (Cao et al. 2013).  Respiratory system complications can be exacerbated by pre-existing 
medical conditions, history of smoking, advanced age and by therapeutic measures to manage the 
resuscitation phase of the injured patient. 
 
Respiratory dysfunction resulting from cervical SCI depends on the level of injury and the extent of 
innervation.  The higher level lesions result in denervation of progressively more of the expiratory and 
inspiratory muscles as illustrated in Figure 1.  Although the primary consequence of SCI is 
denervation of the respiratory pump, secondary consequences occur within the lungs because of the 
inability to effectively distend and inflate the lung to its full capacity.  As a consequence, the 
compliance of the lungs diminishes with increasing time after SCI. 

Figure 1: Innervation of the Respiratory Muscles 
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Complete paralysis of all muscles involved with respiration occurs when the lesion is above C3; this 
type of injury requires immediate and sometimes permanent ventilatory support in order to ensure 
arterial blood gas homeostasis and to sustain life.  When the injury is between C3 to C5 (innervation 
of the diaphragm), respiratory insufficiency occurs via respiratory muscle dysfunction.  Although 
primary and some accessory muscles of inspiration are fully innervated with injuries below cervical 
lesions, the ability to ventilate at higher levels is still compromised because the intercostals and other 
chest wall muscles do not provide the integrated expansion of the upper chest wall as the diaphragm 
descends during inspiration.  Furthermore, ventilation during exercise can be greatly compromised.  
The expiratory muscles actively contract in healthy people whereas partial or fully denervated 
expiratory muscles in those with SCI will diminish exercise ventilation and ventilatory reserve.  
 
Lung volumes reflect these diminished capacities for full inspiration and forced expiration in people 
with SCI.  These pulmonary function measures are derived by having the person breathe normally 
followed by full inspiration and full expiration in and out of an apparatus that measures lung volumes 
(Figure 2).  As expected lung volumes like the inspiratory capacity (IC) and expiratory reserve volume 
(ERV), are progressively smaller in higher cervical lesions versus lower thoracic and lumbar lesions 
(Baydur et al. 2001).   

Figure 2: Measurement of Lung Volumes 
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The forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) are usually 
measured in apparently healthy people to detect airways obstruction.  Due to reduced inspiratory 
muscle force, these measures are diminished in people after SCI with higher lesions and especially in 
people with tetraplegia (Linn et al. 2000; Baydur et al. 2001) and demonstrate moderate correlation 
with injury level (Baydur et al. 2001).  Longer duration of injury and smoking are two factors 
associated with greater loss while incomplete lesions (compared to complete lesions) have lesser 
degrees of compromise of forced expiratory measures of FEV1 and FVC (Linn et al. 2000).   
 
SCI at most levels affects innervation of the abdominal muscles (Figure 1), which severely 
compromises the ability to generate cough and clear respiratory secretions.  Cough generation is 
accomplished by a large inspiratory volume followed by an expulsive expiration produced by the 
expiratory intercostals muscles (thoracic roots) and the abdominal muscles (T4-L1). Cough is 
important as a defense mechanism to prevent respiratory tract infections and atelectasis. The 
respiratory system has other important roles such as speaking and posture-related activities which 
can also be negatively impacted by the SCI, especially with higher lesions. 
In summary, the respiratory consequences of SCI are readily apparent and are largely dependent on 
the level of injury.  Additional large-scale cross sectional and longitudinal studies are required to fully 
characterize pulmonary function in SCI.  Secondary respiratory complications related to other 
respiratory pathologies (i.e., chronic obstructive pulmonary disease, asthma) are not well described.  
In particular, the consequences of aging on pulmonary function are not well defined in SCI.  With 
healthy aging there is a decline in lung function, primarily because of a loss of elastic recoil.  
Moreover, additional age-related changes that are known to negatively affect gas exchange are 
decreased surface area of the lung, decreased pulmonary capillary blood volume, increased dead 
space ventilation and decreased distensibility of the pulmonary arterial vasculature.  A greater 
understanding of the interactions between SCI, aging and the respiratory system are necessary for 
comprehensive patient management.   
 
While it is clear that the respiratory system can be compromised with SCI, the salient question is: what 
intervention strategies are known to be effective in patient management?  The subsequent sections 
are divided into commonly used respiratory-related interventions used for the respiratory management 
of the patient with SCI. 

 

 

 

 

Lung Capacities 
 

Inspiratory capacity (IC): maximal volume of air that can 
be inhaled (sum of VT and IRV). 
Functional residual capacity (FRC): volume of air 
remaining in the lungs at the end of an ordinary expiration, 
i.e. at the resting level or end-expiratory level.  
Vital Capacity (VC): maximum volume of air that can be 
expelled after a maximum inspiration, i.e. from total lung 
capacity (TLC) to residual volume.   
Total Lung Capacity (TLC): total amount of air in the lungs 
after a maximal inspiration. TLC= RV + ERV + VT (TV) + 
IRV.  
 

Lung Volumes 
 

Tidal volume (VT but also known as TV):  volume 
of air inhaled or exhaled during breathing (at rest or 
during exercise). 
Inspiratory reserve volume (IRV): maximum 
volume of air that can be inhaled to total lung 
capacity over and above the tidal volume. 
Expiratory reserve volume (ERV): maximum 
volume of air that can be exhaled from the end-
expiratory level or from functional residual capacity 
(FRC) to residual volume. 
Residual volume (RV): volume of air remaining in 
the lungs after a maximal expiration.   
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Commonly respiratory abbreviations used: 
IMT  
MVV  
SIP  
FEV1  
FVC 
TLC  
IC 
VC 
ERV 
PEFR  
 

inspiratory muscle training 
maximal voluntary ventilation 
sustained inspiratory pressure 
forced expiratory volume in the first second 
forced vital capacity 
total lung capacity 
inspiratory capacity 
vital capacity 
expiratory reserve volume 
peak expiratory flow rate 
 

PaCO2 
PaO2 
RV  
RMT 
MIP 
MEP 
VE 
VT  or 
(TV) 
fb 
Ti/Ttot  

partial pressure of arterial carbon dioxide 
partial pressure of arterial oxygen 
residual volume 
respiratory muscle training 
maximal inspiratory pressure 
maximal expiratory pressure 
minute ventilation 
tidal volume 
 
frequency of breathing 
inspiratory duty cycle; inspiratory 
time/total time for one breath 

 
2.0 Systematic Reviews 

Eight systematic reviews have examined various interventions that affect respiratory function and 
management of people with SCI. Interventions examined include respiratory muscle training (RMT), 
abdominal binding, secretion removal techniques, exercise training, and treatments for acute SCI and 
sleep disorders.  These systematic reviews are outlined in Table 1 below, however, the conclusions 
and recommendations related to these findings are incorporated in the specific sections later in the 
chapter that summarize the respective treatments. 

Table 1: Systematic Reviews 

Author Year; Country  
Score  

Research Design  
Total Sample Size 

Methods Outcome 

Berlowitz and Tamplin 2013; 
 (Tamplin & Berlowitz, 2014) 

Australia 
 

Reviewed published articles (searches 
were not restricted by date, language, 

or publication status) 
 

N=11 
 

Level of evidence: 
PEDro scale was used to evaluate 

studies 
 

Type of study: 
11 RCT 

 
AMSTAR: 10 

 

Method: Systematically review the 
effectiveness of RMT on pulmonary 
function, dyspnea, respiratory 
complications, respiratory muscle 
strength, and quality of life for 
people with cervical SCI. There were 
no date, language, or publication 
restrictions. Only randomized 
controlled trials (RCTs) were 
included. 

Database: Cochrane Injuries and 
Cochrane Neuromuscular Disease 
Groups’ Specialized Register, the 
Cochrane Central Register of 
Controlled Trials (CENTRAL) (2012, 
Issue 1), MEDLINE, EMBASE, 
CINAHL, ISI Web of Science, 
PubMed, and clinical trials registries 
(Australian New Zealand Clinical 
Trials Registry, Clinical Trials, 
Controlled Trials metaRegister), and 
hand searching.  

1. 11 RCTs with 212 participants with 
cervical SCI were included. 

2. Meta-analysis revealed a statistically 
significant effect of RMT for 3 
outcomes: VC (MD mean end point 
0.4L, 95% CI 0.1 to 0.7), MIP (MD 
mean end point 10.5 cmH2O, 95% 
CI 3.4 to 17.6), and maximal 
expiratory pressure (MD mean end 
point 10.3 cmH2O, 95% CI 2.8 to 
17.8). (Berlowitz and Tamplin 2013) 

3. Meta-analysis revealed a statistically 
significant effect of RMT for 2 
extended outcomes: MVV (MD 
mean end point 17.51L/min, 95% CI 
5.20 to 29.81), and IC (MD mean 
end point 0.35L, 95% CI 0.05 to 
0.65) (Tamplin & Berlowitz, 2014) 

4. RMT showed a combined benefit in 
VC & FVC (MD mean end point 
0.41L, 95% CI 0.17 to 0.64) 
(Tamplin & Berlowitz, 2014) 

5. There was no effect on forced 
expiratory volume in one second or 
dyspnoea. 

6. The results from quality of life 
assessment tools could not be 
combined from the three studies for 
meta-analysis. 

7. No adverse effects as a result of 
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Author Year; Country  
Score  

Research Design  
Total Sample Size 

Methods Outcome 

RMT were identified in cervical SCI. 
 

Wadsworth et al. 2009; 
Australia 

 
Reviewed published articles from 

databases’ inception to March 2008 
 

N=11 
 

Level of Evidence: 
PEDro scale 

 
Type of study: 

5 crossover randomized 
1 crossover pseudorandomized 

1 crossover 
4 within-patient 

 
AMSTAR: 9 

Methods: 
Literature search for randomized 
control and randomized crossover 
studies reporting the effects of AB in 
acute or chronic SCI individuals 
Interventions included different types 
of abdominal binding. 
 
Databases: MEDLINE, CINAHL, 
Cochrane, EMBASE, PEDro 
 

1. Some evidence that the use of an 
abdominal binder improves VC, but 
decreases FRC when assuming the 
sitting or tilted position. 

2. AB did not influence total lung 
capacity. 

3. PEDro mean score of 4.3/8. 
4. Available evidence is not yet 

sufficient to either support or 
discourage the use of an abdominal 
binder in this patient population. 

Berney et al. 2011; 
Australia 

 
Reviewed published articles from 1950 

to 2008 
 

N= 21 
 

Level of Evidence: 
PEDRo Scale 

 
Newcastle–Ottawa Scale (NOS) with 

nine scored criteria 
 

Type of study: 
1 RCT 

3 cohort 
3 case–control 

14 retrospective case series reports. 
 

AMSTAR: 6 

Methods: Literature search for 
English articles with quantitative 
study designs on the effectiveness 
of treatment strategies for the 
respiratory management of acute 
tetraplegia 
 
Databases: 
MEDLINE (1950–2008), CINAHL 
(1982–2008), EMBASE (1980–
2008), the Cochrane Library (2008), 
Web of Science (1900–1914–2008), 
http://www.guideline.gov and 
http://www.icord.org/scire/ 
chapters.php on 20 October 2008. 

1. A clinical pathway with a structured 
respiratory protocol that includes a 
combination of treatment techniques, 
provided regularly is effective in 
reducing respiratory complications 
and cost. 

2. Mortality (ARR=0.4, 95% confidence 
interval (CI) 0.18, 0.61), the 
incidence of respiratory 
complications (ARR=0.36, 95% CI 
(0.08, 0.58)), and requirement for a 
tracheostomy (ARR=0.18, 95% CI (-
0.05, 0.4)) were significantly reduced 
by using a respiratory protocol. 

3. Overall, study quality was moderate. 
Further studies using specific 
interventions that target respiratory 
complications associated with 
specific regions of the cervical spine, 
using more methodologically 
rigorous designs are required. 

Reid et al. 2010; 
Canada 

 
Reviewed published articles from 
databases’ inception to May 2009 

 
N=24 

 
Level of Evidence: 
PEDro scale – RCTs 

Modified Downs and Black – non RCTs 
 

Type of study: 
2 RCT 

3 prospective controlled 

Methods: Literature search for 
English articles assessing  physical 
therapy secretion removal 
techniques 
 
Databases: MEDLINE/PubMed, 
CINAHL, EMBASE, and PsycINFO 

1. Level 4/5 evidence supports the use 
of secretion removal techniques in 
people with SCI. 

2. Level 2 evidence (from 1 prospective 
controlled trial) and level 4 evidence 
(based on 2 pre-post studies) 
support the effectiveness of 
abdominal binders for assisted 
breathing. 

3. Level 1 evidence that respiratory 
muscle training improves respiratory 
muscle strength and decreases the 
number of respiratory infections, 
both of which infer improved airway 
clearance. 
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Author Year; Country  
Score  

Research Design  
Total Sample Size 

Methods Outcome 

9 pre-post 
3 retrospective case series 

7 case reports 
 

AMSTAR: 6 

4. Level 4 evidence based on 2 pre-
post trials and level 5 evidence from 
2 case reports support the use of 
electrical stimulation of the lower 
thoracic-lumbar spinal cord (T9, T11, 
and L1) and the abdominal wall 
muscles to improve expiratory flow 
rates during cough. 

5. Level 2 (based on 2 prospective 
controlled trials) and level 4 (based 
on 1 pre-post trial) evidence support 
the effectiveness of assisted 
coughing by manual abdominal 
compression. 

6. Insufflation combined with manual 
assisted cough provides the most 
consistent evidence for improving 
cough and/or PEFR. 	

Sheel et al. 2008; 
Canada 

 
Review published articles from 1980 to 

2006 
 

N=13 
 

Level of Evidence: 
PEDro scale – RCTs 

Modified Downs and Black – non RCTs 
 

Type of study: 
3 RCTs 

1 pre-post 
6 case series 

2 cohort 
1 case report 

 
AMSTAR: 6 

Methods: Literature search for 
articles assessing exercise training 
and IMT in individuals for the 
improved respiratory function of 
patients with SCI 
 
Databases: 
MEDLINE/ PubMed, CINAHL, 
EMBASE, PsycINFO 
 

1. There is Level 2 evidence supporting 
exercise training as an intervention 
to improve respiratory strength and 
endurance.  

2. There is Level 4 evidence to support 
exercise training as an intervention 
to improve resting and exercising 
respiratory function in people with 
SCI. 

3. There is Level 4 evidence to support 
IMT as an intervention to decrease 
dyspnea and improve cardiovascular 
function in people with SCI. 

 

Van Houtte, Vanlandewijck, and 
Gosselink 2006; 

Belgium 
 

Reviewed published articles from 1980 
to November 2004 

 
N= 21 

 
Level of Evidence: 

Modification of the framework for 
methodological quality developed by 

Smith et al. and Lotters et al. 
- Max score of 40 

 
Type of study: 

6 controlled studies 
15 non controlled studies 

 

Methods: Literature search for 
articles assessing the effectiveness 
of RMT on individuals with SCI 
 
Databases:  MEDLINE (National 
Library of Medicine, Bethesda, MD, 
USA) database (from 1980 to 
November 2004) and relevant 
references from peer-reviewed 
articles 

1. RMT tended to improve expiratory 
muscle strength, VC and residual 
volume. 

2. Insufficient data was available to 
make conclusions concerning the 
effects on inspiratory muscle 
strength, respiratory muscle 
endurance, quality of life, exercise    
performance and respiratory 
complications.	
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Author Year; Country  
Score  

Research Design  
Total Sample Size 

Methods Outcome 

AMSTAR: 5 

 
Giannoccaro et al. 2013; 

Italy 
 

Reviewed published articles up to 
October 2012. 

 
N=113  

 
Level of evidence: 

Methodological quality was not 
assessed 

 
Type of study: 

Types of studies included not specified. 
 

AMSTAR: 1 
 

Method: Reviewed the prevalence, 
features and treatment of sleep 
disorders in SCI. Only studies 
published in English were included. 

Database: PubMed 

1. Little has been published on the 
treatment of OSA in patients with 
SCI, but some SCI patients have 
been reported to respond to weight 
reduction, whereas changing sleep 
position is a more difficult measure 
to apply to these patients. 

2. Two studies reported poor 
compliance with CPAP in SCI 
patients with a significantly lower 
acceptance rate of 23-30% in 
higher level complete tetraplegic 
patients than the 60-80% 
acceptance described in able-
bodied patients. However, data on 
long-term CPAP in one survey 
showed that 63% of patients used 
the treatment regularly. 

3. A recent study reported that despite 
no significant difference in AHI 
between people with tetraplegia 
and able-bodied controls, the able-
bodied people required significantly 
higher levels of CPAP to control 
their OSA than patients with 
tetraplegia, more than two thirds of 
whom (68.8%) required less than 
10 cmH2O of CPAP. This suggests 
that additional unknown factors 
may contribute to the high 
prevalence of OSA in tetraplegia. 

 
 

3.0 Pharmaceutical Interventions 

3.1 Airway Hyperresponsiveness and Bronchodilators 

People with spinal cord injuries have a restrictive ventilatory impairment that is dependent upon the 
level and completeness of injury.  However, there is also a body of evidence that patients with cervical 
spinal cord injuries have a component of obstructive ventilatory impairment. 
 
People with tetraplegia demonstrate bronchial hyperresponsiveness to multiple agents including 
methacholine, histamine and distilled water (Dicpinigaitis 1994a; Singas 1996; Fein 1998; Grimm 
1999; Singas 1999).  There are several potential mechanisms for hyperresponsiveness in tetraplegia 
including loss of sympathetic autonomic input with relatively unopposed parasympathetic input, 
(Dicpinigaitis et al. 1994a; Grimm et al. 1997; Singas et al. 1999), altered mechanical lung properties 
with decreased deep breathing and “stretching” of airways (Singas et al. 1999) and nonspecific airway 
hyperresponsiveness similar to people with asthma (Grimm et al. 1997).  
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Despite evidence regarding the presence of airway hyperresponsiveness in tetraplegia, the use of 
anticholinergic bronchodilators such as ipratropium and beta 2 selective agonists such as 
metaproterenol in SCI has not been well studied. The use of bronchodilators is routinely 
recommended as add-on therapy in other conditions with airway hyperreactivity such as chronic 
obstructive pulmonary disease (COPD) and asthma, but it is not clear if these recommendations can 
be generalized to the SCI population. 
 
For people on mechanical ventilation, bronchodilators are routinely administered to relieve dyspnea 
and reverse bronchoconstriction. They can be administered by metered-dose inhaler (MDI) or by 
nebulizer.  Again, the long-term use of bronchodilators and the best route of administration in 
mechanically ventilated people with SCI have not been studied.   
 
The measurement of airway responsiveness with inhaled bronchoconstrictor stimuli such as 
methacholine or histamine involves the patient inhaling increasing doses or concentrations of a 
stimulus until a given level of bronchoconstriction is achieved, typically a 20% fall in forced expired 
volume in one second (FEV1).  Airway responsiveness is then expressed as the dose or concentration 
of the stimulus required to achieve this degree of bronchoconstriction (PD20 and PC20, respectively).  

Table 2: Bronchodilators 

Author Year; 
Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

 
Barratt et al. 2012; 

Australia 
PEDro = 9 

RCT 
N=12 

Population: N=12 (9M;3F) motor complete 
cervical SCI participants; mean age: 30yrs 
(range 25-37); mean DOI=24 days (range 18-
35); 10 AIS A, 2 AIS B. 
Treatment: A within-participant, double-blind, 
cross-over randomized control trial was 
undertaken where participants received both 
bronchodilator therapy treatment (inhaler, 
salbutamol 100ug per actuation) and placebo 
interventions between 1 day and 1 week of 
each other. 
Outcome Measures: FEV1, PEFR, and FVC 
while in supine position. 

1. The FEV1, FVC and PEF mean between-group 
differences (95% confidence interval) at 10 min 
post treatment were 7.3% (2.7-11.9%) for 
FEV1, 5.5% (1.6-9.4%) for FVC and 20.1% 
(1.1-40.4%) for PEF. Similar effects were 
observed at 30 min for FVC and FEV1 but not 
for PEF.	

Effect Sizes: Forest plot of standardized mean differences (SMD ± 95%C.I.) as calculated from pre- 
and post-intervention data, as well as pre-intervention and follow-up data, respectively 

 

Grimm et al. 2006; Population: 13 males; mean(SD) age: 40(8) 1. Regardless of administration order with 

0.34	(-0.50,1.18)

0.38	(-0.46,1.23)

0.65	(-0.21,1.52)

0.41	(-0.44,1.25)

0.67	(-0.20,1.53)

0.56	(-0.29,1.42)

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

PEF	(Pre->Post)

FVC	(Pre->Post)

FEV1	(Pre->Post)

PEF	(Pre->Ret)

FVC	(Pre->Ret)

FEV1	(Pre->Ret)

Favours		Control										SMD(95%C.I.)										Favours		Treatment

Barratt	et	al.	2012;	Inhaled	salbutamol
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Author Year; 
Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

USA 
PEDro=6 

RCT (crossover) 
N initial = 13 
N final = 11 

 
 

yrs; DOI 18(10) yrs; complete and incomplete, 
C4-C7. 
Treatment: Salmeterol inhalation (50 μg)  
Outcome Measures: Spirometric and lung 
volume parameters, MIP and MEP.  

placebo, salmeterol was associated with a 
significant increase in FVC, FEV1, PEFR, MIP 
and MEP compared with placebo and baseline.  

2. ERV increased significantly during salmeterol 
administration compared to baseline. 	

Effect Sizes: Forest plot of standardized mean differences (SMD ± 95%C.I.) as calculated from pre- 
and post-intervention data 

 

Schilero et al. 
2004;  
USA 

Pre-post 
N=10 

 

Population: 5 tetraplegia (C4-C7), 2 
complete, 3 incomplete, mean(SD) age:45(16) 
yrs, 17(8) yrs post-injury; 5 paraplegia (below 
T5), 2 complete, 3 incomplete, age:40(9) yrs, 
19(10) yrs post-injury. 
Treatment: Inhalation of 0.3 mL of 5% 
solution of metaproterenol sulfate via 
nebulizer 
Outcome Measures: Spirometry and specific 
airway conductance as measured by body 
plethysmography pre- and post-
bronchodilator. 

1. In people with tetraplegia, inhaled 
metaproterenol resulted in significant increase 
in specific airway conductance and significant 
increases in FEV1 and forced expiratory flow 
25-75%.  

2. In people with paraplegia, inhaled 
metaproterenol resulted in significant increase 
in specifc airway conductance although the 
increase was considerably less than that seen 
in tetraplegia. There was no significant change 
in FVC, FEV1 and forced expiratory flow 25-
75%.  

Grimm et al. 1999; 
USA 

Pre-post 
N=15 

Population: 9 tetraplegia (C4-C7) and 6 
paraplegia (T9-L1), 4 complete & 11 
incomplete, all male, age:25-61yrs, 4-32yrs 
post-injury 
Treatment: Increasing duration of exposure 
time to ultrasonically nebulized distilled water 
(UNDW). 5 participants responding to UNDW 
returned on a separate day for UNDW 
challenge following the inhalation of 
aerosolized ipratropium bromide. 
Outcome Measures: Spirometry, PD20 

1. 8/9 tetraplegic participants (known histamine 
response positive) had a significant 
bronchoconstrictor response to UNDW (PD20  
7.76 +/- 7.67 mL).  

2. 0/6 paraplegic participants (known histamine 
response negative) demonstrated a response to 
UNDW (PD20 24 mL).  

3. 5/5 tetraplegic responders to UNDW no longer 
responded after pretreatment with ipratropium 
bromide. 

Singas et al. 1999; 
USA 

Population: 25 tetraplegia (C4-C7): 10 
complete & 15 incomplete, all males, age 

1. All 13 control participants (methacholine and 
histamine) and all 6 oxybutynin-histamine 

0.43	(-0.42,1.28)

0.35	(-0.49,1.20)

0.41	(-0.43,1.26)

0.17	(-0.66,1.01)

0.66	(-0.21,1.52)

0.24	(-0.60,1.08)

-0.38	(-1.22,0.47)

-0.19	(-1.03,0.65)

0.40	(-0.45,1.24)

0.31	(-0.53,1.15)

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

TLC

FVC

FEV1

FEV1/FVC

PEF

ERV

FRC

RV

MIP

MEP

Favours		Control																	Std	Mean	Difference	(95%C.I.)																	Favours		Treatment

Grimm	et	al.	2006;	Inhaled	salmeterol
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Author Year; 
Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

Prospective 
Controlled Trial 

N=25 

range:23-63yrs, 1-40yrs post-injury, 12 
maintained on oral oxybutynin & 13 age-
matched controls. 
Treatment: 6/12 oxybutynin participants were 
challenged with methacholine, & 6/12 with 
histamine; 7/13 control participants were 
challenged with methacholine & 6/13 with 
histamine. Increasing concentrations of 
aerosolized histamine or methacholine were 
administered. 
Outcome Measures: Spirometry, C20. 

participants had a significant bronchoconstrictor 
response (PC20<8 mg/mL). 

2. The oxybutynin-methacholine participants had a 
normal response to methacholine. (PC20>=25 
mg/mL). 

Fein et al. 1998;  
USA 

Pre-post 
N=15 

Population: 15 tetraplegia (C4-C7): 5 
complete and 10 incomplete, all male, age 
range: 24-64yrs, DOI range:3-31 yrs 
Treatment: Increasing inhaled concentrations 
of aerosolized histamine diphosphate. 
Responders to histamine were retested on a 
separate day after pre-treatment with 
ipratropium bromide 72 mcg. 
Outcome Measures: Spirometry, PC20. 

1. 12/15 participants had a significant 
bronchoconstrictor response to aerosolized 
histamine (geometric mean PC20 1.27 mg/mL).  

2. There were no significant differences in FVC 
and FEV1 values between responders and non-
responders.  

3. All 12 participants initially responsive to 
histamine were again hyperresponsive at the 
time of rechallenge following ipratropium 
(geometric mean PC20 1.50 mg/mL). 

Grimm et al. 1997; 
USA 

Prospective 
Controlled Trial 

N=24 

Population: tetraplegia (C4-C7), all male, age 
range: 23-65, time since injury range: 2-29 
yrs, 14 on chronic oral baclofen and 10 age-
matched controls  
Treatment: Administration of histamine by 
inhaler in 14 baclofen participants and 10 
controls. Administration of methacholine in 4 
baclofen participants and 5 controls. 
Outcome Measures: Spirometry, PC20 

1. 11/14 participants on baclofen and 8/10 control 
participants had significant bronchoconstrictor 
response to histamine. 

2. There was no significant difference in mean 
PC20 between the baclofen and control groups 
(mean(SD) PC20= 2.91(2.3) and PC20 
=2.18(1.9), respectively). 

3. The methacholine and histamine PC20 were 
almost identical in controls. ¾ baclofen 
participants had significantly different responses 
to methacholine and histamine. 

Almenoff et al. 
1995;  
USA 

Pre-post 
N=25 

Population: 25 tetraplegia: 6 complete,19 
incomplete, all male, mean (SD) age: 43(3) 
yrs, 11(2) yrs post-injury. 
Treatment: Administration of 72 mcg 
ipratropium bromide by inhaler with spacer 
Outcome Measures: Spirometry pre- and 
post-bronchodilator (improvement in FVC or 
FEV1>=12%) 

1. 48% of participants had a positive 
bronchodilator response (6/10 smokers and 
6/15 non-smokers).  

2. There were no significant correlation between 
the response to ipratropium and dyspnea at 
rest, smoking history, or sensory completeness 
of cord lesion. 

Dicpinigaitis et al. 
1994b; 
USA 

Prospective 
Controlled Trial 

N=14 

Population: tetraplegia (C4-C7); all male, age 
range 23-57 years, 6 on chronic oral baclofen 
and 8 controls  
Treatment: Administration of increasing 
concentrations of nebulized methacholine.  
Outcome Measures: Spirometry, PC20. 
 
 

1. 8 out of 8 control participants showed significant 
bronchoconstrictor response to methacholine 
(mean(SD) PC20= 1.42(1.6)) 

2. 2 out of 6 baclofen participants had borderline 
to mild bronchoconstrictor response to 
methacholine. 4/6 baclofen participants did not 
respond to methacholine (mean(SD) PC20= 
15.0(9.1) for baclofen group).  There was no 
correlation between PC20 and dosage or 
duration of baclofen. 



 

14 

Author Year; 
Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

Spungen et al. 
1993;  
USA 

Pre-post 
N=34 

 

Population: tetraplegia: 34 males, all motor 
complete, non-smokers’ mean(SD) age:40(5) 
yrs, smokers’ age: 48(3) yrs, 11.8(1.6) yrs 
since injury.  
Treatment: Inhalation of 2.5 ml 
metaproterenol sulfate inhalation solution. 
Outcome Measures: Spirometry pre- and 
post-bronchodilator (improvement in 
FEV1>=12% 

1. 41% of participants demonstrated a significant 
response in FEV1 to inhaled metaproterenol 
(5/12 non-smokers and 9/22 smokers). 

2. In the non-smokers, the correlation of FVC and 
FEV1 with level of lesion was positive and 
significant prior to administration of 
bronchodilator and became more significant 
post-bronchodilator. 

3. In the smokers, FVC and FEV1 failed to 
significantly correlate with level of lesion.  

Discussion 
Ipratropium, metaproterenol, salbutamol and salmeterol have all been studied in SCI. All drugs have 
shown a positive effect with improvements in FEV1 in people with tetraplegia.  
 
Almenoff et al. (1995) showed that 48% of people with tetraplegia given inhaled ipratropium bromide 
responded with greater or equal to 12% improvement in FEV1 and/or FVC. In a study looking at the 
effects of metaproterenol in tetraplegia, 41% of tetraplegic people responded to metaproterenol with a 
greater or equal to 12% improvement in FEV1 (Spungen et al. 1993). Schilero et al. (2004) also found 
a significant improvement in FEV1 in tetraplegic people treated with metaproterenol. An RCT 
performed by Grimm et al. (2006) showed four week administration  of  salmeterol, a longer acting 
beta 2 agonist, to be  associated with improved pulmonary parameters (FVC, FEV1, PEFR, MIP and 
MEP) in people with tetraplegia. Beta 2 agonists have been shown to have anabolic effects in other 
muscles in spinal cord injury (Signorile et al. 1995).  The increases in MIP and MEP seen with 
salmeterol suggest the possibility of a similar anabolic effect on the respiratory muscles. 
 
While most studies have focused on the use of bronchodilators in chronic tetraplegia, a recent RCT by 
Barratt et al (2012) showed that salbutamol has a beneficial effect on FEV1, FVC and PEF in patients 
with newly acquired tetraplegia as well. 
 
In the short-term, salbutamol, ipratropium and metaproterenol appeared to be effective in improving 
pulmonary function, and in the longer-term salmeterol appeared to be effective in improving 
pulmonary function. There are concerns that ipratropium’s anticholinergic effects could cause 
thickening of secretions and block release of surfactant which could compromise its ultimate effects on 
respiratory function (Consortium for Spinal Cord Medicine 2005). 
 
With the exception of the single level 1 study in support of salmeterol in chronic SCI and a single level 
1 study in support of salbutamol in acute SCI, these studies only provide level 4 evidence for the use 
of bronchodilators in SCI.  Despite this, they cannot be considered in isolation of the large body of 
literature regarding bronchodilators in other conditions. The recommendations for the use of 
bronchodilators in asthma and chronic obstructive pulmonary disease are well supported by the 
literature and there is a strong likelihood that SCI shares some clinical and pathophysiologic 
similarities to those conditions. Nevertheless, it is important to recognize that literature in SCI remains 
lacking. 
 
In addition to traditional bronchodilators, there is evidence that airway hyperresponsiveness in 
tetraplegia can be modulated by medications used for other conditions in SCI, such as baclofen and 
oxybutynin. Baclofen, a GABA agonist, is commonly used to treat spasticity. GABA receptors have 
been found in peripheral tissue, including lung, raising the possibility that baclofen may have the 



 

15 

potential to affect airway hyperreactivity. Oxybutynin, a medication used to treat bladder spasms, has 
the potential to affect airway hyperreactivity through its anticholinergic properties. The effects of both 
baclofen and oxybutynin have been studied in small controlled trials in tetraplegia. In each study, the 
study group was a group of people who were already maintained on the medications for the usual 
indications. The studies did not look at the bronchodilator effects of the medications, but focused on 
their ability to block bronchoconstrictor challenges to methacholine and histamine.  
 
Pre-treating tetraplegic patients with inhaled ipratropium bromide blocked hyperresponsiveness to 
methacholine (Dicpinigaitis 1994a). Baclofen and oxybutynin also decreased hyperresponsiveness to 
methacholine (Dicpinigaitis et al. 1994b; Grimm et al. 1997; Singas et al.1999). In contrast to the 
findings with methacholine, pre-treating patients with tetraplegia with inhaled ipratropium bromide did 
not block hyperresponsiveness to histamine (Fein et al. 1998). Similarly, oxybutynin and chronic oral 
baclofen did not block hyperresponsiveness to histamine in tetraplegia (Grimm et al.1997; Singas et 
al.1999). Although these results are intriguing, the results of these small studies cannot necessarily be 
extrapolated to the clinical situation where a bronchodilator effect is required.  
 
There are no long-term studies on the use of bronchodilators in SCI. Further studies on the selection 
of bronchodilators, route of administration and role in long-term mechanical ventilation in SCI should 
be undertaken. Studies looking at the clinical effects of other commonly used SCI medications with 
potential bronchodilator effects such as baclofen and oxybutynin are warranted. 

Conclusion 

There is level 4 evidence (based on 3 pre-post studies) (Almenoff et al. 1995; Spungen et al. 
1993; Schilero et al. 2004) that ipratropium and metaproterenol have a positive effect on 
pulmonary function in people with tetraplegia. 
 
There is level 1 evidence (based on 1 RCT) (Barratt et al. 2012) that salbutamol has a beneficial 
effect on respiratory function in people with new onset of tetraplegia.  
 
There is level 1 evidence (based on 1 RCT) (Grimm et al. 2006) that salmeterol has a positive 
effect on pulmonary function in people with tetraplegia. 
 
There is level 2 evidence that chronic oral baclofen and chronic oxybutynin (from 2 
prospective controlled trials and 1 pre-post study) (Dicpinigaitis 1994b; Grimm 1997; Singas 
1999) and level 4 evidence that ipratropium bromide (Dicpinigaitis 1994a) decrease or block 
hyperresponsiveness to methacholine, but not histamine in tetraplegia.  
 

 
 
3.2 Anabolic Agents 

Anabolic steroids are derivatives of testosterone. Their exact physiologic effects on the respiratory 
system are unclear, but they have been studied as a possible treatment in chronic obstructive 
pulmonary disease, especially for their role in potentially increasing muscle mass.  
 

 
The use of bronchodilators should be considered in people with tetraplegia who demonstrate an 

element of obstructive airway impairment. 
 

The effects of other medications commonly used in the management of SCI such as baclofen 
and oxybutynin should be considered when reviewing airway hyperreactivity in people with 

tetraplegia. 
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Anabolic steroids have potentially serious side effects, including effects on liver function, lipid profile 
and the reproductive system. The long-term safety of anabolic steroids such as oxandrolone in SCI 
has not been established. 

Table 3: Anabolic Steroids 

Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

Halstead et al. 2010;  
USA 

Pre-post 
N=10 

 

Population: 10 males; tetraplegia; SCI injury 
C5-C8; 7 AIS A, 3 AIS B, age 32.5; DOI 8.8 
Treatment: Oxandrolone (20 mg/day orally in 
divided doses, 8 weeks) 
Outcome Measures: FVC, FEV1, FEV1/FVC, 
PEFR, maximum ventilator volume (MVV) 

1. Following treatment, there were non-
significant increases in FVC by 3.3%, 
FEV1 by 3.1% and MVV by 9.3%; and a 
non-significant decrease in PEFR by 
3.4%.  

2. Administration of oxandrolone over 8 
weeks had no effect on pulmonary 
function.  

Spungen et al. 1999;  
USA 

Pre-post 
N=10 

Population: 10 tetraplegia (C4-5), motor 
complete, all male, mean(SD) age: 41(9) yrs, 
16(8) yrs post-injury  
Treatment: Administration of oxandrolone 20 
mg/day for 1 month. 
Outcome Measures: Weight gain, 
spirometry, MIP, MEP, resting self-rate of 
dyspnea (Borg scale), serum lipid profiles and 
liver function tests. 

1. On average, participants gained 1.4(1.5) 
kg (2(2)%). 

2. A significant improvement was seen in 
combined measures of spirometry 
(9(2)%).   

3. A significant improvement was seen in 
MIP (10(7)%). The improvement in MEP 
was not significant (9(13)%). 

4. Borg scale decreased by an average of 
37(28)%. 

Discussion 
There are two studies in the literature on the effects of anabolic steroids on pulmonary function in SCI. 
Spungen et al. (1999) treated 10 men with motor complete C4-C5 tetraplegia with a one month course 
of oxandrolone, an oral anabolic steroid. Following oxandrolone, significant improvements were seen 
in weight gain, FVC, FEV1 and forced inspiratory vital capacity. There was a significant increase in 
MIP from baseline and a non-significant increase in maximal expiratory pressure (PE max). 
Participants experienced a significant decrease in subjective dyspnea. There was no long-term follow-
up to see if any of the improvements were permanent. Halstead et al. (2010) treated ten male 
participants with motor complete tetraplegia with oxandrolone for 8 weeks and found non-significant 
improvements in lung function. 

Conclusion 
There is conflicting evidence (Spungen et al. 1999, Halstead et al. 2010) that the short-term use 
of oxandrolone improves pulmonary function in people with tetraplegia. 
 

 
 
3.3 Other Pharmaceuticals 

There are many other medications with potential benefit for the treatment of pulmonary function in 
SCI. The use of anticoagulants for the prevention of deep vein thrombosis and pulmonary emboli is 
covered in Chapter 15.  Other medications used in the treatment of asthma and/or chronic obstructive 

 
The short-term use of oxandrolone can be considered to improve pulmonary function in people 

with tetraplegia.  
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pulmonary disease such as cromolyn sodium, methylxanthines and inhaled corticosteroids have not 
been studied in SCI. 

Table 4: Other Pharmaceuticals 

Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

Li et al. 2012; 
China 

PEDro=6 
Randomized clinical trial 

N=61 
 

Population: N=61 participants with acute C-SCI 
(AIS A and B) randomly divided into 2 groups: 
high-dose ambroxol group (n=27) and control 
group (n=34).  
High-dose ambroxol: 17M 10F; mean(SD) age: 
56.1(11.2). 
Control group: 23M 11F; mean(SD) age: 
53.0(13.6). 
Treatment: Treatment group received 
intravenous ambroxol at 990 mg/day for 5 
consecutive days after operation; the control 
group did not receive any treatment. 
Outcome measures: oxygenation index, 
pulmonary complications. 

1. The group treated with high-dose 
ambroxol showed a lower rate of 
postoperative pneumonia and 
hypoxemia within 5 days after 
operation.  

2. On the 3rd and 5th days, the 
oxygenation index in the high-dose 
ambroxol group (291.02(34.96) and 
301.28(37.69)) was significantly 
higher than in the control group 
(230.08(26.25) and 253.82(26.26)) 
with significant differences between 
the two groups. 

 

Discussion 
Ambroxol is a mucolytic medication that is used in the treatment of respiratory diseases associated 
with excessive mucus. There is one RCT (Li et al. 2012) that shows that high-dose IV ambroxol after 
surgical cervical spinal cord decompression and stabilization reduces the rate of postoperative 
pneumonia and increases blood oxygenation. 

Conclusion 
There is level 1b evidence (based on 1 RCT) (Li et al. 2012) that high-dose IV ambroxol after 
surgery increases blood oxygenation in cervical spinal cord injured patients with motor 
complete injuries. 
 
4.0 Mechanical Ventilation 

4.1 Mechanical Ventilation and Weaning Protocols 

The indications for mechanical ventilation and the acute management of respiratory issues in SCI are 
outside the scope of this review which focuses on rehabilitation.  However, the long-term 
complications associated with chronic ventilator dependency need to be mentioned in order to 
highlight their importance.  The overall life expectancy for individuals with SCI who are ventilator 
dependent has been increasing, especially for those individuals who survive the first year following 
injury (DeVivo 1995). Despite advances, mortality for individuals with ventilator dependency remains 
high (DeVivo 1995). 
 
In general, people with complete neurologic injuries at C2 and above have no diaphragmatic function 
and are ventilator dependent. People with complete neurologic injuries at C3 or C4 have variable 
diaphragmatic function. Although they may have the potential for ventilator weaning, it is difficult to 
predict whether they will ultimately be successfully weaned. Research suggests that trends in 
improved survival observed in SCI were not seen among ventilator-dependent SCI patients surviving 
the first few years post-injury, and that ventilator dependency is an independent risk factor for mortality 
(Shavelle et al 2006). People with complete injuries at C5 and below typically have intact 
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diaphragmatic function. They may require ventilatory support initially post-injury, but are usually able 
to wean from the ventilator.  
 
The approach to ventilator weaning in SCI remains an important and somewhat neglected issue. 
There is a distinct lack of controlled trials in respiratory medicine; research in this area primarily 
consists of retrospective reviews and small case series. The Paralyzed Veterans of America (PVA) 
Consortium for Spinal Cord Medicine—Respiratory management following spinal cord injury: a clinical 
practice guideline for health-care professionals (2005) suggests the consideration of “…progressive 
ventilator free breathing over synchronized intermittent mandatory ventilation”. The other clinical 
practice guideline that we are aware of addressing SCI is the Home mechanical ventilation:  A 
Canadian Thoracic Society clinical practice guideline.	This guideline intends to provide up-to-date 
information and evidence-based recommendations re: preventive airway management and home 
ventilation with regards to a variety of conditions with respiratory consequences.  

Table 5: Weaning Protocols 

Author Year; Country  
Score  

Research Design  
Total Sample Size 

Methods Outcome 

Fenton et al., 2016 
United States 

PEDro=6 
Randomized Controlled 

Trial 
N=33 

 

Population: N=33 cervical SCI 
patients on mechanical ventilation 
(25M, 8F) 
Mean (SD) age:  33.1 (11.7) years 
Treatment: control – standard 
mechanical ventilation tidal volume (10 
ml/kg); experimental – higher 
ventilation tidal volume (20 ml/kg) 
Outcome Measures: Days to 
ventilator weaning, FVC, peak 
inspiratory pressure (PIP); plateau 
pressure (Pplat), pulmonary adverse 
events, Borg scale 

1. No significant between group difference in 
number of days for ventilation weaning, even 
after controlling for age.  

2. No significant between group difference in 
increase of FVC.  

3. Significant between group difference in 
increase of PIP and Pplat each day.  

Kornblith et al., 2013 
United States 

Retrospective Multicenter 
Review  
N=344 

Population: N=344 ventilator-
dependent SCI patients with phrenic 
nerve lesions (277M, 67F) 
Median (range) age: 43 (18-82) years 
222 cervical, 90 thoracic, 32 lumbar 
172 complete SCI; 72 concomitant TBI 
Treatment: Mechanical ventilation 
Outcome Measures: Need for 
mechanical ventilation at discharge, 
tracheostomy history, development of 
acute lung injury (ALI) and ventilator-
associated pneumonia (VAP) 

1. Majority of patients weaned from mechanical 
ventilation at discharge.  

2. Significantly fewer patients who underwent 
tracheostomy weaned from ventilator, 
compared to those who did not.  

3. Significantly higher frequency of ALI & VAP, 
and fewer ventilator-free days in those who 
underwent tracheostomy, compared to those 
who did not.  

4. “Tracheostomy after cervical SCI was an 
independent predictor of ventilator 
dependence” (p.1061).  

Romero-Ganuza et al., 
2015 
Spain 

Retrospective Review 
N=228 

Population: N=228 patients 
Group 1: acute phase SCI patients 
from ICU with respiratory failure (N=68; 
49M 19F); mean age (SD): 53.8(16.6); 
AIS-A/B/C/D: 42/13/10/3; 
cervical/thoracic: 55/13; 
traumatic/nontraumatic: 40/28 
Group 2: SCI patients from community 
with respiratory complications or 
scheduled follow-ups (N=160) 
Treatment: Mechanical ventilation 
(MV) 
Outcome Measures: 
Institutionalization status, duration of 

1. At discharge* of acute phase patients: 20 with 
permanent MV, 23/26 succeeded in weaning 
after a mean of 47.3(49.3) days, 13/22 already 
weaned patients received tracheostomy 
closure, 5 expired; mean length of stay 
195.6(110.4) days.  

2. At discharge* of patients with complications: 9 
patients admitted with MV, 6 weaned after a 
mean of 17.2(19.3) days; mean length of stay 
53.1(56.3) days.  

3. MV patients significantly more likely to be 
institutionalized after discharge* 

*discharge from intensive respiratory care unit 
(IRCU) 
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Author Year; Country  
Score  

Research Design  
Total Sample Size 

Methods Outcome 

MV, length of stay 

Roquilly et al., 2014 
France 

Retrospective Multicenter 
Review 
N=164 

Population: N=164 acute traumatic 
tetraplegic SCI patients from ICU 
(125M 76F) 
Median age (IQR): 44(27-59) 
AIS-A/B/C/D/E: 102/21/25/13/1 
Median lesion level (IQR): C5(C4-C6) 
Treatment: Mechanical ventilation 
(MV) 
Outcome Measures: Duration of MV, 
ASIA motor score 

1. “The duration of MV was associated with ISS 
(Injury Severity Score), medical history of 
respiratory failure, tracheal intubation, 
tracheotomy, HAP (hospital-acquired 
pneumonia), atelectasis, tidal volume in the 
first 24 hours, and PEEP (lower positive end-
expiratory pressure) in the first 24 hours” 
(p313.e9) 

2. “The duration of MV was positively associated 
with HAP, lung atelectasis, and tracheotomy” 
(p313.e10) 

Wong et al. 2012; 
USA 

Retrospective comparison 
of pre-post treatment 

N=24 

Population: N=24 individuals with high 
cervical (C1-4) SCI (22M 2F); 
mean(SD) age: 33.4(16.6); DOI before 
transfer to SCI specialty unit (and start 
of treatment): 33.8(24.4) days. 
Treatment: High Tidal Volume 
Ventilation (HVtV) treatment; High 
Frequency Percussive Ventilation 
(HFPV) treatment; and Mechanical 
Insufflation-Exsufflation (MIE) 
treatment 
Outcome measures: TV; days before 
being weaned to room air; peak 
inspiratory pressure (PIP); plateau 
pressure (Pplat).  

1. The respiratory status of all of the study 
patients improved with the specialized 
respiratory management administered in the 
SCI specialty unit. For a majority of these 
patients, respiratory improvements were noted 
within 1 week of admission to the SCI unit. 

2. Tidal volume for all patients was stabilized at 
12-15mL/kg ideal body weight (mean (SD) 
tidal volume = 1037.5 (140.8)). 

3. Nine (37.5%) patients were weaned to room 
air in ≤7 days, and another 5 patients were 
weaned to room air in ≤14 days. The average 
time for 23 out of the 24 participants to be 
weaned to room air was 16.3 days (SD 20.8). 

4. 23 (96%) patients were transitioned to 
portable ventilators (average time 7.7 days 
post admission SD 5.0). 

5. 14 patients were weaned from the ventilator 
(average time 27.6 days post admission SD 
12.9 days). 

Onders et al. 2010; 
USA 

Case series 
N=20 

 

Population: N=20 people with SCI 
(17M 3F); 16-61 years old; all with 
internal cardiac pacemakers; all 
tetraplegia; 0.5-24 YPI 
Treatment: Implantation of DP 
electrodes 
Outcome Measures: Hours of daily 
use of DP, implantation, negative 
interactions between cardiac 
pacemaker and DP (device-to-device 
interaction), conditioning, ability to 
wean from Mechanical Ventilation 

1. There were no peri-operative complications in 
any patients, nor device-to-device interactions 
in 19/20 patients.  

2. There was device-to-device interaction in 1 
patient, which was resolved by disabling the 
interacting electrode in question.  

3. All patients achieved diaphragm paced tidal 
volumes necessary to meet their basal 
metabolic needs. 14/20 patients finished 
conditioning with their diaphragm and reached 
their maximal goal. 

4. Ten of the above 14 use DP 24 hours a day 
with no mechanical ventilation. 

5. Three other patients use DP 8-12 hours during 
the day, with 1 reaching a maximum of 4 hours 
by choice. 

6. The remaining 5 participants (excluding the 
early death), were still increasing their DP 
sessions through conditioning at the end of the 
study. 

Gutierrez et al. 2003; 
USA 

Pre-post 
N=7 

Population: 7 tetraplegia: C2(n=2), 
C4-C7(n=5), incomplete, all male, age 
range: 45-68 years, time on ventilator: 
4-36 months 

1. Participants with low tetraplegia achieved 
significant gains in inspiratory & and expiratory 
muscle strength, VC, mean on-ventilator 
endurance & off-ventilator endurance.  
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Author Year; Country  
Score  

Research Design  
Total Sample Size 

Methods Outcome 

 Treatment: Implementation of an 
evidence-based resistive endurance 
protocol (REP) designed to help 
discontinue mechanical ventilation by 
improving ventilatory muscle strength 
and endurance  
Outcome Measures: Pulmonary 
function tests; on-ventilator endurance 
and off-ventilator endurance. 

2. Participants with high tetraplegia had non-
significant improvements in inspiratory and 
expiratory muscle strength and VC and were 
able to discontinue mechanical ventilation.  

3. 4/5 participants with low tetraplegia were 
weaned from the ventilator. 1/5 low tetraplegic 
participants died. 

Peterson et al. 1994;  
USA 

Case Series 
N=52 

Population: Tetraplegia (C3-C4), 
ventilator dependent 
Treatment: Retrospective review of 82 
ventilator weaning attempts in 52 
participants using intermittent 
mandatory ventilation (IMV), 
progressive ventilator free breathing 
(PVFB) or a combination of other 
ventilator weaning techniques 
Outcome Measures: Successful 
ventilator weaning. 

1. 26/82 weaning attempts used IMV, 34/82 used 
PVFB and 22/82 used a combination of various 
techniques.  

2. PVFB weaning success rate was 67.6 % 
(23/34) and IMV was 34.6% (9/26) and other 
techniques was 11/22.  

3. Overall 43/52 (83%) of participants were 
successfully weaned. 6/52 were partially 
weaned. 2/52 participants died. 

Discussion 

Peterson et al. (1994) retrospectively compared weaning methods in 52 people with C3 and C4 SCI. 
Overall 83% of participants were successfully weaned with progressive ventilator free breathing 
(PVFB, also known as T-piece weaning) being the most successful technique. However, most of the 
PVFB trials occurred at a single institution and in people who were longer post-injury whereas most of 
the intermittent mandatory ventilation trials (IMV) occurred in a variety of institutions in people who 
were earlier post-injury.  
 
Gutierrez et al. (2003) developed an evidence based resistive and endurance protocol to improve 
ventilatory muscle strength and endurance in people with ventilator-dependent cervical SCI.  The 
evidence was based on SCI literature where possible, but was also derived from the general 
respiratory literature where required. The protocol included 4 daily phases with rests in between each 
phase: pre-training optimization (Trendelenberg positioning, trachea suctioning, bronchodilator use, 
and lung hyperinflation); inspiratory/expiratory resistive training; on-ventilator endurance training; and 
off-ventilator endurance training.  Although the pilot study only included 7 participants, it did show 
promising results with respect to increasing inspiratory pressure, expiratory pressure and VC and 
ultimately ventilator weaning, especially in people with low tetraplegia (C4-C7) (Gutierrez et al. 2003). 
 
Onders et al. (2010) evaluated diaphragm pacing (DP) as a weaning method in 20 participants who 
also had cardiac pacemakers, and found no immediate or long-term device-to-device interactions. All 
patients could go >4 hours without mechanical ventilators, and 71% could go 24 hours continuously 
with DP. 
 
Wong et al. (2012) retrospectively analyzed the charts of 24 individuals with high cervical SCI (C1-C4) 
who underwent high tidal volume ventilation (HVtV) treatment, high frequency percussive ventilation 
(HFPV) treatment and/or and mechanical insufflation-exsufflation (MIE) treatment in a specialised SCI 
treatment unit. All patients showed improvements in their respiratory status with implementation of 
these treatments. Overall, 14 patients were successfully weaned from their ventilators. 
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Prospective studies on weaning protocols are required to determine the best way to assess, treat and 
wean people requiring mechanical ventilation following SCI. 
 
 

 
 
 

Conclusion 
There is level 3 evidence (from 1 retrospective analysis) (Wong et al. 2012) that the 
implementation of specialized respiratory management (HVtV, HFPV, MIE) resulted in 
improvement of respiratory status in all study participants. 
 
There is level 4 evidence (from 1 case series study) (Peterson et al. 1994) that progressive 
ventilator free breathing (PFVB) protocol is more successful for weaning people with C3 and 
C4 spinal cord injuries than intermittent mandatory ventilation (IMV). 
 
There is level 4 evidence (from 1 case series study) (Onders et al. 2010) that DP served as an 
effective weaning protocol in all participants. 
 
There is level 4 evidence (from 1 pre-post study) (Gutierrez et al. 2003) that a resistive and 
endurance protocol increases inspiratory pressure, expiratory pressure and VC especially in 
low tetraplegia (C4-C7). 
 
There is level 4 evidence (from 2 retrospective case series) (Kornblith et al. 2013, Romera-Ganuza et al. 
2015) that though many people with SCI will required Mechanical Ventilation (MV) they can be 
successfully weaned from it.  
 

Mechanical	insufflation-

exsufflation	(e.g.,	using	a	

“Cough	Assist	machine”)	is	a	

therapy	in	which	the	device	

gradually	inflates	the	lungs	

(insufflation),	followed	by	

an	immediate	and	abrupt	

change	to	negative	

pressure,	which	produces	a	

rapid	exhalation	

(exsufflation),	which	

simulates	a	cough,	and	

helps	to	clear	secretions.		



 

22 

 
 

4.2 Intermittent Positive Pressure Breathing (IPPB) 

Intermittent Positive Pressure Breathing (IPPB) is a short-term breathing treatment where increased 
breathing pressures are delivered via ventilator to help treat atelectasis, clear secretions or deliver 
aerosolized medications. The PVA clinical guidelines on respiratory management following SCI (PVA 
2005) include IPPB as a treatment. However, there are few studies looking directly at the effects of 
IPPB in spinal cord injury.  

Table 6: Intermittent Positive Pressure Breathing (IPPB) 

Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

Laffont et al. 2008; 
France 

PEDro = 5 
RCT 

N = 14 
 

Population: 14 traumatic SCI participants 
(C5-T6, AIS A or B), injured within the last 
6 months with no thoracic injuries 
Treatment: Intermittent positive-pressure 
breathing (IPPB), at least 20 minutes twice 
daily for 5 days a week; patients treated 
with 2 months IPPB treatment and 2 
months without IPPB, in random cross-
over design 
Outcome Measures: Lung function tests; 
lung compliance; work of breathing 

1. IPPB had no short-term or long-term 
effects on VC, lung compliance, or 
work of breathing. 

Stiller et al. 1992; 
Australia 
Pre-Post 

N=5 

Population: 5 patients with acute 
tetraplegia during first 7 to 10 days of 
hospitalization. Age range 14-52 years, 2F 
3M; C5-C6/7. Two individuals were heavy 
smokers. 
Treatment:  IPPB performed every 2 
hours consisted of 4 repetitions of 6 
breaths using the ventilator, interspersed 
with a period of 20-60 seconds of natural 
breathing. 
Outcome: TV, VC 

1. The mean lung volume during IPPB 
was significantly higher than the groups 
mean resting values for both TV and 
VC. 

2. TV returned to baseline values as soon 
as IPPB was ceased. 

3. VC remained significantly higher than 
baseline values as soon as IPPB was 
ceased, but the mean(SD) increase of 
43(89) mls is not clinically significant. 

Discussion 
In a pre-post study, Stiller et al. (1992) found an increase in lung volume while IPPB was being 
administered, and tidal volume to return to baseline values immediately after stopping IPPB. While the 
mean VC remained significantly higher after ceasing IPPB, the improvement was not considered 
clinically significant. More recently, in a RCT, Laffont et al. (2008) found that IPPB had no short-term 
or long-term effects on pulmonary function, lung compliance or work of breathing in patients within one 
year of SCI who were not in respiratory failure. They commented that IPPB is expensive in terms of 
staff and equipment and is reported as unpleasant by many people with SCI.  
 

 
Progressive ventilator free breathing protocol should be considered for ventilator dependent 

people with tetraplegia who are appropriate for ventilator weaning.  
 

Resistive and endurance training should be considered in people who are candidates for 
ventilator weaning. 
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While IPPB does not appear to be effective on lung function and compliance, further studies that look 
at the role of IPPB on atelectasis, secretion management and in acute respiratory failure following SCI 
are needed. 

Conclusion 
There is level 2 evidence (from 1 RCT) (Laffont et al. 2008) that intermittent positive-pressure 
breathing (IPPB) has no short-term or long-term effects on lung function within one year of 
SCI. 
 
There is level 4 evidence (from 1 Pre-post trial) (Stiller et al. 1992) that IPPB has no effects on 
lung function immediately following onset of SCI. 
 

5.0 Tracheostomy Placement and Decannulation 

People with SCI often undergo tracheostomy if it is anticipated that they are going to require 
ventilatory support for longer than 3 weeks. There is limited evidence for the timing for tracheostomy 
in spinal cord injured people who require prolonged mechanical ventilation. A 2005 systematic review 
of adults (not SCI specific) reported a decrease in mechanical ventilation and ICU length of stay in 
people who had early tracheostomy. There is one retrospective study in SCI looking at early versus 
late tracheostomy placement. 
 
Evidence for the decannulation of people with SCI is lacking. People may not meet the traditional 
criteria for decannulation and should be assessed on an individualized basis (Bach 1990; Ross & 
White 2003).  

Table 7: Tracheostomy Placement and Management 

Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

Quesnel et al., 2015 
France 

Retrospective Review 
N=108 

Population: N=108 tetraplegic cervical 
SCI patients (86M, 22F) 
Mean (SD) age: 49.0 (21.1) years 
51 AIS-A, 22 AIS-B, 19 AIS-C, 10 AIS-
D (out of 103 patients) 
Treatment: 
Tracheostomy (44/108 patients) 
Outcome Measures: 
Institutionalization status, 
decannulation status, length of 
treatment 

1. Out of 44 tracheotomized patients, 25 
decannulated at mean of 84.1(59.1) days; 12 
expired; 7 could not be weaned (3 of which 
expired at a mean treatment duration of 
202.3(121.7) days; the others have had 
727.7(283.6) days of treatment at end of study) 

2. At end of study, 9 patients definitively 
institutionalized, 61 returned home 

Holscher et al., 2014 
United States 

Retrospective Chart 
Review 
N=33 

 

Population: N=91 SCI or TBI patients 
<18 years old who underwent 
tracheostomy (67M, 24F) 
Mean (SD) age: 13 (5) years 
29 are ≤12 years old 
62 are 13-18 years old 
Treatment: Early (≤7 days post-injury) 
vs. late tracheostomy 
Outcome Measures: Number of 
ventilator days, ICU days, hospital 
days, number of patients who 
developed pneumonia and airway 
complications 

1. Significantly reduced ventilator days, ICU days, 
hospital days for those younger than 13 who 
received early tracheostomy, compared to 
those younger than 13 who received late 
tracheostomy.  

2. The same measures are not significantly 
different between groups in those who are 13 or 
older.  

3. Significantly reduced prevalence of airway 
complications in those who received early 
tracheostomy (all ages).  

4. No significant between group difference in 
prevalence of pneumonia.  
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Luo et al., 2014 
China 

Retrospective Chart 
Review 
N=21 

Population: N=21 successfully 
decannulated cervical SCI individuals 
(17M, 4F) 
Mean (range) age:  44.57(12-68) years  
10 tracheostomized <24h post injury 
16 AIS-A, 5 AIS-B/C/D 
Treatment: Tracheostomy 
Outcome Measures:  
Time between tracheostomy to 
decannulation, time between closed 
tracheostomy to decannulation 

1. Mean duration* (range) of tracheostomy was 40 
(14-104) days 

2. Mean duration* (SD) of closed tracheostomy 
was 18.8 (13.5) days 

3. No significant difference in mean duration of 
tracheostomy or closed tracheostomy between 
C2-C4 and C5-C7 SCI patients, and between 
AIS-A and AIS-B/C/D patients 

4. Significantly shorter duration of tracheostomy in 
those ventilated for <10 days (compared to >10 
days), and in those tracheostomized >24h post-
injury (compared to <24h) 

*Until decannulation 

Ganuza et al. 2011;  
Spain 

Case series 
N=323 

 

Population: 256 males, 67 females; 
mean(SD) age 42.3(13.7); 208 cervical 
SCI, 115 thoracic SCI 
Treatment: Tracheostomy: early (1-7 
days from intubation) vs. late (>7 
days); surgical vs. percutaneous 
Outcome Measures: Medical record 
review (tracheostomy technique/timing, 
duration of mechanical ventilation 
(MV), length of stay in ICU, incidence 
of complications) 

1. Of the 323 patients included, 297 required MV, 
and 215 required tracheostomy. 

2. Early tracheostomy was performed in 101 
(47%) patients, late in 114 (53%) cases. There 
were 25 complications in 21 patients (21%) 
after early procedure and 38 complications in 
32 patients (28%) after late procedure (non-
significant at p=0.14). 

3. The early group had fewer ICU stays, reduced 
tracheostomy duration, reduced length of time 
on mechanical ventilation and less tracheal 
stenosis. 

4. Surgical tracheostomy was performed in 119 
(55%) of patients, and percutaneous in 94 
(45%). There were no significant differences in 
related complications. 

5. Surgical group had more ICU stays than the 
percutaneous tracheostomy attributed death 

6. There were no tracheostomy attributed deaths. 

 
 

Romero-Ganuza et al. 
2011; 
Spain 

Prospective Cohort Study 
N = 28 

 
 
 

Population: N=28 people with SCI 
(23M 5F) admitted to ICU with 
traumatic cervical SCI treated with 
anterolateral cervical spine fixation 
surgery (21 AIS A, 4 AIS B, 3 AIS C); 
mean age was 39.6 ± 13.7 years 
(range: 21-74y) 
Treatment: percutaneous 
tracheostomy 
Outcome Measures: outcome of 
percutaneous tracheostomy technique, 
ICU stay after tracheostomy, surgical 
wound infection rate 

1. None of the patients had neurologic 
deterioration related to spinal stabilization 
surgery or tracheostomy procedure. 

2. Complications in tracheostomy in only 3 cases: 
minor bleeding occurred in 1 patient and stomal 
infection, not propagated to the fixation surgery 
wound, was observed in 2 patients. 

3. Of the 28 patients, 2 died. The deaths were not 
related to this tracheostomy technique. 

4. The ICU stay after tracheostomy ranged from 
4-38 days, with a mean(SD) of 23.08(9.77) 
days.  

Cameron et al. 2009; 
USA 

Cohort Study 
N = 68 

Population: Matched pair design 
based on level of SCI, AIS score, then 
age with 34 participants in the pre-
TRAMS group (70% male, mean age 
25.5, IQR 23.8-51.8) matched with 34 
in the post-TRAMS group (82 % male, 
mean age 44, IQR 30.8-51.0).  
Treatment: Tracheostomy Review and 
Management Service (TRAMS), which 
provides support and education to 
patients, caregivers, and staff 
Outcome Measures: Length of Stay 
(LOS), duration of cannulation (DOC), 
communication through use of a one-
way valve, and number of adverse 
events and related costs 

1. Median LOS decreased from 60 days (IQR 38-
106) to 41.5 days (IQR 29-62).  

2. Median DOC decreased from 22.5 days (IQR 
17-58) to 16.5 days (IQR 12-25).  

3. Speaking valve usages increased from 35% to 
82%.  

4. Cost savings were realized with the 
implementation of the TRAMS protocol.  
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Romero et al. 2009; 
Spain 

Case Series 
N = 152 

Population: 152 traumatic SCI 
participants, 122 male and 30 female, 
mean age 41 (range 13-77), including 
79 participants with injury level C3-C5, 
42 from C6-C8, 22 from T1-T5, and 9 
from T6-T10 
Treatment: Early tracheotomy 
(performed from 1-7 days after 
intubation) (n = 71) or late tracheotomy 
(performed after 7 days) (n = 81).  
Outcome Measures: Medical records 
of the patients, including mortality, 
length of stay, time on mechanical 
ventilation, and incidence of 
pneumonia 

1. ETG group younger than the LTG group. 
2. The ETG patients had significantly shorter time 

on mechanical ventilation compare to the LTG 
patients (26.1(1.7) days vs. 48.8(3.5) days).  

3. The ETG patients had a significantly shorter 
length of stay in the intensive care unit 
compared to LTG patients (36.5(1.6) days vs. 
54.6(2.9) days).  

4. There was a lower complication rate in the ETG 
group. There was no difference in mortality or 
incidence of pneumonia between the two 
groups, although there was a trend towards 
lower mortality rate in the ETG group (1 patient, 
compared to 5 in LTG).   

 

 

Table 8: Tracheostomy Decannulation 

Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

Ross & White 2003; 
Australia 

Case Series 
N=4 

Population: tetraplegia (n=3) and paraplegia 
(n=1), level: C5-T9, AIS A (n=3) & B(n=1), 
age: 20-71 yrs 
Treatment: Interdisciplinary evaluation and 
assessment 
Outcome Measures: Successful 
decannulation. 

1. 4 participants who had evidence of 
aspiration were successfully 
decannulated after assessment by a 
multidisciplinary team. 

2. None experienced respiratory 
deterioration. 

Discussion 
Romero (2009) performed a retrospective review of 152 people with early (ETG) or late (LTG) 
tracheostomy placement. Overall, people with earlier tracheostomy placement were significantly 
younger, had fewer complications and had significantly shorter times on mechanical ventilation and 
shorter lengths of stay in ICU. A second retrospective review showed that patients with earlier 
tracheostomy had fewer ICU stays, reduced tracheostomy duration, reduced length of time on 
mechanical ventilation and less tracheal stenosis (Ganuza 2011). Overall percutaneous tracheostomy 
appears to be safe in cervical spinal cord injuries (Romero-Ganuza 2011) including when compared to 
surgical tracheostomy (Ganuza 2011).  
 
Compared to people with LTG, people with ETG had no difference in pneumonia rates or mortality 
although there was a trend toward lower mortality in the ETG group. One of the drawbacks of these 
studies is their retrospective nature and the inability to account for decision factors regarding early 
versus late tracheostomy. In other words, there may have been a selection bias for early 
tracheostomy that influenced a more favourable outcome. Despite these limitations, the findings in 
these studies are corroborated by a meta-analysis performed on the efficacy of ETG in adults (Griffiths 
et al. 2005). There is a need to develop guidelines for timing of tracheostomy placement in people with 
SCI.  
 
Cameron (2009) compared the outcomes of 34 tracheostomized people with SCI prior to the 
implementation of an interdicisplinary tracheostomy team to the outcomes of 34 participants following 
implementation of the team. The implementation of a tracheostomy team (known as TRAMS) resulted 
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in shorter acute care lengths of stay, shorter periods of cannulation, increase in speaking valve usage 
and reduced costs. 
 
Ross and White (2003) describe a case series of 4 people with SCI who were successfully 
decannulated despite the presence of traditional contraindications for decannulation such as evidence 
of aspiration.  These 4 people were carefully selected by a multidisciplinary team who opted for 
decannulation after assessing the overall risks of decannulation versus the risks of prolonged 
tracheostomy.  Further studies examining the criteria for decannulation of people with SCI are 
required. 

Conclusions 
There is level 2 evidence (from 1 cohort study) (Cameron et al. 2009) that the Tracheostomy 
Review and Management Service (TRAMS) reduces length of stay (LOS), duration of 
cannulation (DOC) and saves costs, while increasing speaking valve usage. 
 
There is level 4 evidence (from 2 case series and 1 retrospective review) (Romero et al. 2009, 
Ganuza 2011; Holscher et al. 2014) that early tracheostomy and decannulation, performed 
within a week of intubation, is beneficial, and can lead to fewer days in the ICU and on the 
ventilator.   
 
There is level 4 evidence (from 1 case series study) (Ross & White 2003) that decannulation 
can be successful in people with evidence of aspiration. 
 

 
 

5.1 Other Surgery 

There is 1 study (Level 4 evidence, Yang et al. 2014) that used rib suspension surgery (the trapezius 
muscle strength can be surgically transferred to the rib cage through the scapula to recover the lost 
thoracic breathing) and found that people reported improved breathing, cough & expectoration 1 day 
post-surgery, and increased range of diaphragmatic activity 2-3 weeks post-surgery, and significantly 
increased VC post-surgery. 
 
Table 9: Other Surgery 
 

Author Year; 
Country  
Score  

Research Design 
Total Sample 

Size 

Methods Outcome 

Yang et al., 2014 
China 

Pre-post 
N=6 

Population: N=6 SCI individuals (4M 2F) 
Mean age (SD): 41.7(16.2) 
Mean DOI* (SD): 84(26.7) days 
All with limited diaphragmatic function, 
dyspnea, and good trapezius muscle 
strength 

1. Patients reported improved breathing, cough & 
expectoration 1 day post-surgery. 

2. Increased range of diaphragmatic activity 2-3 
weeks post-surgery.  

3. Extubation completed in all patients within 4 
weeks post-surgery.  

 
Case by case consideration should be given to tracheostomy decannulation in people  

with SCI. The indications and criteria for tracheostomy decannulation  
have not been established in SCI.  

 



 

27 

Author Year; 
Country  
Score  

Research Design 
Total Sample 

Size 

Methods Outcome 

All cervical SCI, AIS-A 
*At time of surgery 
Treatment: 
Rib suspension surgery 
Outcome Measures: 
Vital capacity (VC), tidal volume (TV), cough 
& expectoration assessment, ventilator & 
oxygen dependence, diaphragmatic activity 
(fluoroscopy), phonation ability, 
electromyography, arterial blood gas 
analysis and development of complications 

4. Significantly increased VC post-surgery.  
5. No significant change in TV.  

 

 

6.0 Exercise Training of the Upper and Lower Limbs 

As with able-bodied individuals, there is strong evidence in support for the use of exercise training for 
improving cardiovascular health among people with SCI (see Cardiovascular chapter).  This is 
important because there is a high incidence of physical inactivity in individuals with SCI and as such, 
they are at increased risk of secondary conditions such as cardiovascular disease, diabetes, 
osteoporosis and obesity.  There is clear evidence that the cardiovascular and skeletal muscle 
systems adapt positively to exercise training in both able-bodied and SCI people.  However, the lungs 
and airways do not change appreciably in response to exercise training.  It is likely that exercise is not 
sufficiently stressful to warrant an adaptive response.  This may be even more so when considering 
the small muscle mass used in wheelchair propulsion or arm cranking exercise.  On the other hand, 
respiratory muscles are both metabolically and structurally plastic and they respond to exercise 
training.  This statement is based largely on direct evidence from animal models and indirect evidence 
from able-bodied humans.   
 
Exercise training may influence the control of breathing and respiratory sensations (i.e., dyspnea).  It 
is generally accepted that exercise training results in a lower minute ventilation at any given absolute 
oxygen consumption or power output.  This is likely due to a reduction in one or more of the 
mechanisms (neural and/or humoral) purported to cause the hyperpnea (increased respiratory rate) 
associated with exercise.  As such, the positive effects of exercise training in SCI may reside in an 
increase in respiratory muscle strength and endurance as well as a reduced ventilatory demand 
during exercise.  A lower ventilation and/or sensation of dyspnea during exercise would lower the work 
of breathing and prevent early termination of exercise, respectively. 

Table 10: Exercise Training 

Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 
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Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

Brurok et al., 
2013  

Norway  
Cross-over 
repeated 
measures 

N=15 
 
 
 
 
 
 
 
 
 
 

Population: N=15 AIS-A SCI individuals 
Mean (SD) age: 39.0 (12.9) years 
Mean (SD) DOI: 13.2 (10.8) years 
Treatment:  
ACE: arm cycling  
FESH: functional electrical stimulation (FES) hybrid 
cycling (leg cycling + ACE)   
FESIH: FES iso hybrid cycling (lower extremity pulsed 
isometric muscle 
contractions + ACE) 
Outcome Measures:  
Mean peak ventilation (VE) and other physiological 
measures 

1. Significantly higher VE during FESIH 
(mean increase +8.21L/min) and during 
FESH (+11.0L/min) compared to ACE in 
individuals with SCI above T6.  

2. No significant difference in VE during 
FESIH and during FESH compared to ACE 
in individuals with SCI below T6. 

 

 
Jung et al., 2014 

South Korea 
Randomized 

Controlled Trial 
PEDro=5 

N=20 
 

 
Population: N=20 with SCI (12M, 8F) 
Mean (SD) age: 46.6 (10.5) years 
Mean (SD) DOI: 8.45 (3.56) years 
Injury level C8-L5, AIS-B to D 
Treatment:  
Aqua group (10, aquatic exercise) 
Land group (10, control) 
Both groups performed upper extremity exercises; 1h 
sessions 3 times/week for 8 weeks 
Outcome Measures:  
Forced vital capacity (FVC), forced expiratory flow 
rate (FER), forced expiratory volume in 1s (FEV1), 
FEV1-FVC ratio, (FEV1/FVC) 

 
1. Significant between-group difference 

in change values of FVC 
(Aqua=1.8±1.3L, Land=0.31±1.6L; 
mean±SD) and FEV1 
(Aqua=1.1±1.2L, Land=0.21±0.3L).  

2. Significant within-group increase in 
FVC (2.5±0.7 to 4.3±1.4L), FER 
(80.5±15.5 to 90.5±17.0L/s), FEV1 
(2.1±0.9 to 3.2±1.2L) and FEV1/FVC 
(89.3±3.8 to 93.0±3.6%) in aqua 
group.  

3. Significant within-group increase in 
FER (85.2±18.0 to 90.6±18.0L/s) in 
land group. 
	

Effect Sizes: Forest plot of standardized mean differences (SMD ± 95%C.I.) as calculated from pre- 
and post-intervention data 

 

 
Tiftik et al., 2015 

Turkey 
Controlled Trial 

N=52 

 
Population: N=52 with SCI (40M, 12F)  
Mean (SD) age: 33.4 (13.9) years 
Mean (SD) DOI: 12.6 (13.0) months 
18 AIS-A, 34 AIS-B/C/D 
44 traumatic SCI, 8 non-traumatic SCI 

 
1. Significant increase in FVC (3.5±0.8 to 

3.6±0.9L; mean±SD), FEV1 (3.1±0.7 to 
3.2±0.7L), FEV25-75 (3.8±1.0 to 
4.0±1.1L) and VC (3.4±0.9 to 3.6±0.9L) 
in group A only 

1.66	(0.61,2.71)

0.26	(-0.62,1.14)

0.91	(-0.02,1.84)

0.36	(-0.52,1.25)

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

FVC

FER

FEV1

FEV1/FVC

Favours		Control																	Std	Mean	Difference	(95%C.I.)																	Favours		Treatment

Jung	et	al.	2014;	Aquatic	Upper	Extremity	Exercise
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Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

17 cervical, 15 thoracic, 20 lumbosacral 
Treatment: Group A (26): locomotor training (LT, 
using  body weight supported treadmill training) + 
conventional rehab program; Group B (26): 
conventional rehab program only 
Outcome Measures: VC, FVC, FEV1, FEV1/FVC, 
forced expiratory flow rate 25-75% (FEV25-75), 
PEFR, MVV 

2. Significant increase in FVC and VC in all 
group A subgroups after stratifying for 
injury completeness and severity 

3. Significant increase in MVV in both 
groups (Group A: 82.3±22.8 to 
89.1±24.8L/min;  Group B: 76.4±18.2 to 
84.4±23.9L/min) 

Taylor et al., 2014 
United States 

Pre-post 
N=14 

 
 
 
 
 
 
 
 

Population: N=14 SCI individuals (13M 1F) 
Mean age (SD): 39.2(3.3) 
Mean DOI (SD): 9.7(2.6) years 
All AIS-A, level T3-T11 
Treatment: 
6 months of functional electrical stimulation row 
training 
Outcome Measures: 
Peak minute ventilation, peak aerobic capacity 
 
 
 

1. Significantly increased peak minute 
ventilation after training 

2. Significant relation between level of 
injury and peak minute ventilation before 
and after training 
 
 

 

 
Terson de 

Paleville et al., 
2013 

United States  
Pre-post 

N=8 

 
Population: N=8 AIS-A tetraplegic SCI (7M, 1F) 
individuals 
Mean (SD) age: 37 (18) years 
Mean (SD) DOI: 25 (12) months  
5 cervical, 3 thoracic 
Treatment: Locomotor training (LT) with body weight 
support and treadmill 
Outcome Measures: FVC, FEV1, MIP, MEP, 
respiratory muscle surface electromyography (sEMG) 
and respiratory motor control assessment 

 
1. Significantly increased FVC, MIP, MEP, 

FEV1 post-LT compared to pre-LT 
2. Significantly less baseline overall sEMG 

activity in SCI compared to NI* 
3. Significantly increased overall sEMG 

activity post-LT for all tasks** 
4. 7 participants had increased sEMG 

amplitudes for all tasks** post-LT 
5. No significantly changes in distribution 

of sEMG activity post-LT for all tasks** 
6. 1 subject developed activation in 

muscles post-LT which were not 
activated pre-LT 

7. Lower rate of muscle unit recruitment in 
SCI patients compered to NI* 

8. Significantly faster muscle unit 
recruitment post-LT compared to pre-LT 

9. *Non-injured controls (NI), 9M 5F 
 

**Cough, inspiration/expiration tasks 

Moreno et al. 
2013; 
Brazil 

Pre-post 
N=15 

Population: N=15 male tetraplegic individuals with 
SCI divided into control (n=7) and rugby players (n=8) 
groups. 
Control group: mean (SD) age: 33(9) yrs; DOI: 73(53) 
months. 
Rugby player group: mean (SD) age: 26(6) yrs; DOI: 
87(52) months. 
Treatment: Experimental group participated in a 
regular 1-year wheelchair rugby training program that 
involved stretching, strength exercises, and 
cardiovascular resistance training (2-hour sessions 3-
4x per week). 
Outcome measures: FVC, FEV1, MVV 

1. There was a significant increase in all 
variables after training: mean (SD) FVC 
increased from 2.7 (0.9) L to 3.0 (1.0) L; 
FEV1 increased from 2.5 (0.9) to 2.8 
(1.0) L; MVV increased from 107 (28) to 
114 (24) L/min. However, comparisons 
with the control group are not 
presented. 
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Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

Lee et al. 2012; 
Korea 

Prospective 
cohort 
N=38 

Population: N=38 C-SCI patients divided into 
experimental (Mechanical Insufflation-Exsufflation [MI-
E] Feedback Resistive training) (n=19) and control 
groups (n=19). MI-EFRT group: 17M 2F; mean (SD) 
age: 45.7 (3.4) yrs; DOI: 20.0(1.5) months.  
Control group: 16M 3F; mean (SD) age: 50.1(3.6); 
DOI: 21.4(1.2) months 
Treatment: Joint mobilization, stretching, and muscle 
strengthening for both groups 2x / day for 30 minutes, 
5 x per week over 4-week period. A forced positive 
measure MI-E, along with expiratory muscle feedback 
respiration exercise was practiced by the 
experimental group, each for 15 mins. 
Outcome measures: Lung capacity, FVC, FEV1, 
FEV1/FVC 

1. In the comparison of the values of 
respiratory function before and after the 
respiratory rehabilitation treatment, the 
experimental group showed a significant 
increase in VC(SD) from 42.3(4.9) to 
47.0(4.7)%, FEV1 from 1.3(1.1) to 
1.5(0.1)L, and UPCF from 153.4(29.0) to 
188.1(30.2) L/min. 

2. Treatment had no significant effect on 
FEV1/FVC. 

3. In the comparison of changes in 
respiratory function after the respiratory 
rehabilitation treatment between the 
experimental and control group, there 
were significant differences between the 
changes in VC%(%), FEV1 (L), and 
UPCF (L/min). 

 

Jacobs 2009; 
USA 

Prospective 
Controlled Trial 

N = 18 

Population: N=18 SCI participants with complete 
motor paraplegia (level of injury T6-T10); participants 
were assigned either resistjve training (RT) or 
endurance training (ET): RT group: 6M 3F; mean(SD) 
age: 33.8 (8.0) yrs 
ET group: 6M 3F; age: 29.0(9.9) yrs 
Treatment: ET: 30 min of arm cranking exercise 3 
times per week for 12 weeks; RT: similar training but 
with training weights gradually increased every week 
Outcome Measures: Peak oxygen uptake (VO2peak); 
peak values of minute ventilation (VEpeak) 

1. Significant increase in VO2peak in 
resistive training group (15.1%) and 
endurance training group (11.8%). 

2. No significant change in VEpeak in either 
group. 

 

Janssen & 
Pringle 2008; 

The Netherlands 
Pre-Post 
N = 12 

Population: N=12 men with SCI (6 with tetraplegia 
and 6 paraplegia), including 4 participants (mean (SD) 
age: 44(14) yrs, DOI: 13(8) yrs) who had previous 
training on ES-LCE 
Treatment: Computer controlled electrical stimulation 
induced leg cycle ergometry (ES-LCE); total of 18 
training sessions with each session lasting 25-30 
minutes 
Outcome Measures: Oxygen uptake (VO2); Carbon 
dioxide production (VCO2); pulmonary ventilation (VE)  

1. Significantly higher peak values for VO2 
(+29%), VCO2 (+22%), and VE (+19%) 

Valent et al 2008; 
The Netherlands 

Cohort 
N = 137 

Population: N=137 SCI participants; C5 or lower; 
aged 18-65 years. Hand cycling group: 35 participants 
with paraplegia, 20 with tetraplegia. Non-hand cycling 
group: 56 with paraplegia, 26 with tetraplegia. 
Treatment: All participants followed the usual care 
rehabilitation program in their own rehabilitation 
centres, with or without regular hand cycling exercise. 
Study included three measurements: 1) when 
participants could sit in a wheelchair for three hours; 
2) on discharge; 3) 1 year after discharge. 
Outcome Measures: Peak oxygen uptake (VO2peak); 
FVC; PEFR 

1. Significant increase (26% in hand cycling 
group vs 8% non-hand cycling group) in 
VO2peak in paraplegic patients, whereas 
tetraplegic patients showed no change 

2. No change in pulmonary function (FVC or 
PEFR) found in either participants with 
paraplegia or tetraplegia. 

de Carvalho et al. 
2006; Brazil 

Population: (1) Treatment group: 11 males with 
complete tetraplegia, ages 22-50, C4-C7, 25-180 

1. Significant differences were found in all 
parameters after treadmill training with 
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Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

Prospective 
Controlled Trial 

N=21 

months post-injury   
(2) Control group: 10 males with complete tetraplegia, 
ages 23-42, C5-C8, 24-113 months post-injury  
Treatment: Treadmill training with NMES: 20 min 30-
50% BWS, 2x/wk. Conventional physiotherapy for 
control group.  
Outcome Measures: Metabolic and cardiorespiratory 
responses before and after training. 

NMES, except for HR and diastolic BP. 
During gait, VO2 increased by 36%, VCO2 
increased by 43%, VE increased by 30%, 
and systolic BP increased by 5%. 

2. For the control group, only VO2 and VCO2 
increased significantly at rest (31 and 
16%, respectively) and during knee-
extension exercises (26 and 17%, 
respectively). 

Fukuoka et al. 
2006; Japan 

Pre-post 
N=8 

Population: N=8 (7M 1F); mean(SD) age: 46.5(8.3) 
yrs; AIS B; T7-L1.  
Treatment: Wheelchair training program: 30 min at 
50% HRreserve, 3x/wk, 60 day.  
Outcome Measures:  VO2 peak, HR. 

1. Mean VO2   peak increased with training, 
became significant from 30th training day 
onwards (baseline = 17 ml/kg/min vs. T30 
= 18 ml/kg/min).    

2. Steady state HR decreased significantly 
by 15th training day, reached a plateau 
from day 15 onwards (baseline HRss = 
123±11 bpm vs. at day 15 = 109±6 bpm). 

Sutbeyaz et al. 
2005; Turkey 

Pre-post 
N=20 

Population: N=20 people with SCI (12 men, 8 
women), 14 complete, 6 incomplete (T6-T12), 
mean(SD) age: 31.3(8.2) yrs; DOI: 3.8(5.8) yrs. 
Treatment: Ventilatory and upper extremity muscle 
exercise: 1h, 3x/wk x 6 wks; Diaphragmatic, pursed lip 
breathing for 15min; Air shifting for 5min; voluntary 
isocapneic hypernea 10min; arm-crank exercise. 
Outcome measures: Spirometry. 

1. After training, FVC, FEV1, and VC, were 
significantly higher than the baseline 
values.  

2. Exercise testing showed increased peak 
VE and peak workload and a reduction in 
the ratio of physiological dead space to 
tidal volume compared to baseline values. 

Le Foll-de-Moro 
et al. 2005; 

France 
Pre-post 

N=6 

Population: N=6 participants (5M 1F), T6- & T11/12, 
mean (SD) age: 29 (14) yrs; mean DOI: 94 days. 
Treatment: Wheelchair Interval-training Program – 30 
min (6 x 5 min bouts: 4 min moderate intensity and 1 
min of high intensity) 3x/wk for 6 wks; Progressed 
throughout training program to achieve 50% and 80% 
of heart rate. 
Outcome measures: Spirometry. 

1. At maximal exercise, peak VE (75%), peak 
fb (-13.4%), peak VT (+28.9%), and the 
ventilatory reserve (12.9%) improved after 
training. The oxygen cost of VE decreased 
significantly (-20%) after training.  

2. For the wheelchair test, at the same 
workload after training, VE and fb 
decreased and VT increased consistent 
with improved ventilatory efficiency and 
greater reliance on aerobic capacity after 
training.  

3. Spirometric values and lung volumes 
showed small trends towards 
improvement after training. 

Silva et al. 1998; 
Brazil 

Pre-post 
N=24 

Population: N=24 participants (12 people with 
paraplegia, 12 able-bodied individuals), median age 
SCI: 31 yrs (range 22-54), control: 30 (range 22-52), 
T1-T12, all ASIA A, >3 yrs after injury. 
Treatment: Arm cranking aerobic training: 30 mins, 
3x/wk x 6 wks. 
Outcome measures: Spirometry. 

1. After aerobic training, SCI participants 
showed significant increases in FVC and 
the ventilatory muscle endurance, so that 
max voluntary ventilation at 70% time 
values post-training were not different 
from the initial values of able bodied 
individuals. 

2. Severely limited ventilatory muscle 
endurance in people with paraplegia can 
be improved by arm cranking. 
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Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

Hooker & Wells 
1989; USA 
Pre-post 

N=8 

Population: N=8 SCI (4M 4F); Low intensity group:  
C5-T7 (age range 26-36yrs); Moderate Intensity 
group: C5-T9 (age range 23-36yrs) 
Treatment: Aerobic training: WC ergometry 20 min 
3x/wk for 8 wk 
Low Intensity exercised at a power output = 50-60% 
of maximal heart rate. Moderate Intensity exercised at 
a power output = 70-80% maximal heart rate. 
Outcome measures: maximal oxygen uptake, peak 
power. 

1. After training, no changes to maximal 
oxygen uptake or peak power. 

2. No detectable changes during 
submaximal or maximal exercise were 
detected. 

3. Training intensity was insufficient, 
participants did not comply with the 
program, or study was underpowered due 
to small sample size and heterogeneity of 
subject responses. 

Discussion  
Evidence for exercise training for the respiratory management of the SCI person includes 3 
experimental, non-randomized controlled trials and 10 lower-level studies.  Studies describing the 
acute responses to exercise in people with SCI were not included nor were studies that investigated 
competitive athletes with SCI. Included studies were difficult to interpret because of relatively small 
sample sizes, differences in exercise modality (wheelchair, arm crank exercise, body weight 
supported treadmill training) as well as inconsistency in the frequency, intensity and duration of 
exercise training.  Five studies included a control group (Silva et al. 1998; de Carvalho et al. 2006; Lee 
et al. 2012; Moreno et al. 2013; Tiftik et al. 2015), and the control groups in four of the studies 
included participants comparable to those in the treatment group. This is in contrast to the control 
group used in Silva and colleagues study that consisted of able-bodied participants only.  Though 
healthy controls may be used for the normative values, they cannot be considered a true control group 
for people with SCI. 
 
There is insufficient evidence to strongly support exercise training as a means to improve pulmonary 
function or ventilatory responses to exercise in SCI people. Some evidence (Le Foll-de-Moro et al. 
2005) indicated that following exercise training, peak VE, VT and ventilatory reserve improve.  
However, the training intensity needs to be relatively high (70-80% of maximum heart rate at a 
minimum of 3x/week for 6 weeks) whereas lower intensities did not show similar efficacy (Hooker & 
Wells 1989).  Other studies, including one with level 2 evidence, showed no change in pulmonary 
function or ventilation during exercise (Valent et al. 2008; Jacobs 2009).  Although 6 months of body-
weight supported treadmill training in conjunction with neuromuscular electrical stimulation was shown 
to be effective for improving peak measures of respiration, the intensity at which participants worked 
to achieve these outcomes is unclear, as each performed according to their individual capacity (de 
Carvalho et al. 2006).  Additional well-designed randomized controlled trials are necessary to 
determine if exercise training is an effective means by which to improve pulmonary function at rest 
and during exercise.  Nonetheless, from the limited SCI data and the well-known able bodied 
response to upper limb training, it appears that changes to exercise ventilation and ventilatory 
efficiency can be positively influenced. 

Conclusion 
There is level 2 evidence (based on 2 prospective controlled trials) (de Carvalho et al. 2006; 
Tiftik et al. 2015) and level 4 evidence (based on 5 pre-post studies) (Silva et al. 1998; Sutbeyaz 
et al. 2005; Le Foll-de-Moro et al. 2005; Fukuoka et al. 2006; Terson de Paleville et al. 2013) to 
support exercise training as an intervention that might improve resting and exercising 
respiratory function in people with SCI. 
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There is level 4 evidence (based on 1 pre-post study) (Janssen and Pringle 2008) that computer 
controlled electrical stimulation induced leg cycle ergometry (ES-LCE) increases the peak 
values of oxygen uptake, carbon dioxide production, and pulmonary ventilation. 
 

 
 
7.0 Inspiratory Muscle Training 

As expected, the loss of inspiratory muscle function is related to the level of injury as illustrated in 
Figure 1. Dyspnea, defined as a subjective report of breathlessness or shortness of breath, is 
common in people with SCI and is greatest in people with tetraplegia (Ayas et al. 1999).  
Approximately two-thirds of the prevalence of dyspnea in this group is attributed to the inspiratory 
muscle loss (Spungen et al. 1997).  Improved inspiratory muscle strength and endurance could 
potentially improve cough and maximal exercise ventilation in addition to decreasing dyspnea.  The 
inspiratory muscles can be trained similar to the limb muscles with inexpensive devices that increase 
the resistive or threshold inspiratory load on the inspiratory muscles (Reid et al. 2004).  Table 10 
outlines common measures that are indicative of respiratory muscle strength and endurance.  In 
neuromuscular disorders like SCI, maximal lung volumes that measure IC also can reflect increased 
inspiratory muscle strength. 

Table 11: Measures of Respiratory Muscle Strength and Endurance 

Term Abbreviation Definition 

Maximal inspiratory pressure MIP or PImax Estimate of inspiratory muscle force as reflected by the maximal 
pressure exerted by the inspiratory muscles measured at the mouth. 

Maximal expiratory pressure MEP or PEmax Estimate of expiratory muscle force as reflected by the maximal 
pressure exerted by the expiratory muscles measured at the mouth. 

Maximum voluntary ventilation MVV 

Maximum ventilation in 15 seconds, which reflects the “sprint” 
capacity of the respiratory muscles.  The maximum ventilation can be 
measured over several minutes - between 4 and 15 minutes – which 
is more reflective of the endurance of the respiratory muscles. 

Maximal sustainable mouth 
pressure SIP 

Maximum mouth pressure sustained during a 10 minute period of 
threshold loading, which is usually lower than the MIP.  This is an 
estimate of the endurance of the inspiratory muscles. 

Endurance time sustained on 
training load Tlim The endurance time while breathing on a resistive or threshold trainer 

at a defined level of the MIP 

Maximal incremental threshold 
load TLmax 

The maximal load (usually defined as an inspiratory mouth pressure) 
attained on an incremental threshold loading test whereby the load is 
progressively increased every 2-3 minutes. 

 
Commercially available hand-held devices can be used for inspiratory muscle training.  The three 
main types of devices are the resistive and threshold trainers (Figure 3) and isocapneic hyperpnea 
(see Reid et al. 2004 for details of these training techniques).  These devices have a one-way valve 
that closes during inspiration so that the subject must breathe against a load.  The resistive trainer 
imposes a load through a small diameter hole whereas the threshold trainer imposes a load via a 
spring loaded valve. Isocapneic hypernea imposes loading in a very different manner.  The participant 
targets a prescribed ventilation level that require higher inspiratory and expiratory flows. A bag 

 
For exercise training to improve respiratory function the training intensity must be relatively high 

(70-80% of maximum heart rate) performed three times per week for six weeks.  
 Ideal training regimes have not been identified. 
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attached to the device is adjusted to match the amount of rebreathing in order to maintain isocapnea 
i.e. a normal end-tidal CO2 level.  For all of the devices, the one-way valve opens during expiration 
such that no load is imposed during the expiratory phase of respiration.  Evidence showing decreased 
dyspnea and improved strength and endurance after IMT is well documented in people with other 
health conditions such as chronic obstructive pulmonary disease (COPD) (Reid et al. 2004; Geddes et 
al. 2005).   

Figure 3: Inspiratory Muscle Trainers 

 

Threshold trainer: has an adjustable spring-loaded 
valve that imposes the inspiratory load. The inspiratory 
load can be increased by winding the spring more 
tightly.  Advantage of this trainer is that the same load is 
imposed on the inspiratory muscles regardless of 
breathing pattern. 
 
 
Threshold and P-Flex trainers available from Respironics HealthScan 
Inc., 41 Canfield Rd., Cedar Grove, NJ7, 0009-1201. 1-800-962-1266.   

 

Resistive trainer: has holes of different diameters.  The 
inspiratory load can be increased by setting the dial to 
holes of lesser diameter.  Disadvantage of this trainer is 
that the subject can reduce the inspiratory load by 
breathing more slowly.  If this device is used for training, 
a target must be used.  Various targets have been 
designed that set a breathing rate (flow and/or 
inspiratory pressure) for the subject. 
 

 

Isocapneic Hypernea Trainer: has a rebreathing bag 
that can be adjusted to ensure that the person’s CO2 
level is maintained within a physiologic range. A target is 
provided for the person to increase the level of 
ventilation to a training intensity.  This device enables 
training at low loads but much higher inspiratory and 
expiratory flow such that the inspiratory and expiratory 
muscles training at higher speeds of contraction. In 
contrast, the threshold and resistive trainers, place high 
loads while the speed of contraction is relatively low. 
 
SpiroTiger™ trainer available from FaCT Canada Consulting Ltd. 1215 
Cariboo Hwy N Quesnel, BC V2J 2Y3 Canada1-877-322-8348 

Table 12: Inspiratory Muscle Training 

Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

Postma et al., 
2014 

Netherlands 
PEDro=7 

Randomized 
Controlled Trial  

N=40 
 

Population: N=40 individuals with SCI (35M, 5F) 
Mean (SD) age: 46.8 (14.3) years 
Median (IQR) DOI: 74 (57-109) days for RIMT group 
& 88 (59-121) days for control group 
30 tetraplegia, 10 paraplegia 
24 motor complete SCI 
Treatment: Resistive IMT (RIMT) group (19): 8 
weeks using inspiratory muscle training (IMT) trainer 

1. Significantly greater increase in MIP in 
RIMT group (56.4±29.5 to 
82.7±29.7cmH2O; mean±SD) than control 
group (56.1±23.5 to 70.7±28.1cmH2O) 1 
week after intervention period, but loss of 
significance at 8 weeks and 1 year follow-
ups.  

2. MIP improved over longer period for those 



 

35 

Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

+ usual care; Control group (21): Usual care 
Outcome Measures: FVC, FEV1, PEFR MVV, MIP, 
MEP, visual analogue scale for subjective breathing, 
and Short-Form-36 

who continued RIMT post-intervention, 
compared to those who discontinued.  

3. No significant between-group difference in 
changes of any other pulmonary outcome 
measure.  
 

Effect Sizes: Forest plot of standardized mean differences (SMD ± 95%C.I.) as calculated from pre- 
and post-intervention data 

 

West et al., 2014 
United Kingdom 

PEDro=4 
Randomized 

Controlled Trial 
N=10 

Population: N=10 athletes with cervical SCI (9M, 
1F)  
Mean (SD) age: 29.2 (2.7) years 
Mean (SD) DOI: 9 (2.2) years 
7 AIS-A, 3 AIS-B 
Treatment: IMT group (5):  6-week inspiratory 
muscle training (IMT); Placebo group (5) 
Outcome Measures: Diaphragm thickness (DT), 
MIP, MEP, FEV1, peak inspiratory flow rate (PIFR), 
PEFR, MVV and other cardiovascular and 
physiological measures 

1. Increase in DT (+22% IMT vs -3% 
placebo) and MIP (+11% vs -6%) is 
significant between-groups 

2. Significant increase in MVV for both 
groups; increase insignificant between-
groups 

3. No evidence of activity-related dyspnea in 
either group pre- or post-intervention 

4. No correlation between percentage 
change in diaphragm thickness and 
maximum static inspiratory pressure.  

Fischer et al., 
2014 
Italy 

Case-control 
N=12 

 

Population: N=12 hand bike athletes with SCI (10M, 
2F) 
Mean (SD) age:  43 (5.4) years  
Median (SD) DOI: 16.4 (7.3) years 
All lesions between T2-T12 
Treatment: Control (5): no intervention; 
Experimental (7): 20 sessions of respiratory muscle 

1. No significant between group changes in 
all resting lung function measurements.  

2. Significant within-group increase in 
fRmax, VEmax & respiratory endurance 
time after RMET in experimental group 
only.  

0.43	(-0.20,1.06)

0.19	(-0.43,0.81)

0.01	(-0.61,0.63)

0.03	(-0.59,0.65)

0.13	(-0.49,0.75)

-0.08	(-0.70,0.54)

0.03	(-0.59,0.65)

0.60	(-0.14,1.35)

0.72	(-0.04,1.47)

0.11	(-0.62,0.84)

-0.12	(-0.85,0.61)

0.23	(-0.50,0.97)

-0.02	(-0.75,0.70)

0.42	(-0.32,1.15)

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2

MIP	(Pre->Post)

MEP	(Pre->Post)

FVC	(Pre->Post)

FEV1	(Pre->Post)

PEF	(Pre->Post)

MVV	(Pre->Post)

PCF	(Pre->Post)

MIP	(Pre->Ret)

MEP	(Pre->Ret)

FVC	(Pre->Ret)

FEV1	(Pre->Ret)

PEF	(Pre->Ret)

MVV	(Pre->Ret)

PCF	(Pre->Ret)

Favours		Control										SMD(95%C.I.)										Favours		Treatment

Postma	et	al.	2014;	Resistive	Inspiratory	Muscle	Training
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Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

endurance training (RMET) 
Outcome Measures: VC, FVC, TV, maximal TV, 
FEV1, FEV1/FVC, PEFR, MVV, maximal VE 
(VEmax), maximal fb (fRmax), respiratory endurance 
time and other physiological measures 

Aslan et al., 
2016 

United States 
Case-control 

N=11 

Population: N=11 SCI individuals (8M, 3F) 
Mean (SD) age:  32(9) years  
Median (SD) DOI: 53(72) months 
10 cervical, 1 thoracic 
AIS-A/B/C: 3/4/4 
Treatment: 1 month of respiratory motor training 
(RMT) 
Outcome Measures: FVC, FEV1, MIP, MEP, 
respiratory rate and other physiological measures 

1. Significantly increased FVC after RMT.  
2. No significant changes in other pulmonary 

measures.  

Tamplin et al. 
2013; 

Australia 
PEDro=11 

RCT 
N=24 

 

Population: N=24 individuals with chronic 
tetraplegia (C4-C8, AIS A & B) were randomized to 
the experimental group (n=13) or control group 
(n=11). Intervention group: mean (SD) age: 44 (15) 
yrs; DOI: 13(7) yrs. Control group: mean (SD) age: 
47(13) yrs; DOI: 8(6) yrs. 
Treatment: The experimental group received group 
singing training 3 times weekly for 12 weeks. The 
control group received group music appreciation and 
relaxation for 12 weeks. Assessments were 
conducted pre, mid-, immediately post-, and 6-
months postintervention. 
Outcome measures: Standard respiratory function 
testing, surface EMG from accessory respiratory 
muscles; sound pressure levels during vocal tasks, 
assessments of voice quality, voice handicap index, 
profile of mood states, and assessment of quality of 
life 

1. The singing group increased projected 
speech intensity and maximum phonation 
length significantly more than the control 
group.  

2. Both groups demonstrated an 
improvement in mood, which was 
maintained in the music appreciation and 
relaxation group after 6 months. 

3. No change in respiratory muscle strength 
was shown.	

 

Effect Sizes: Forest plot of standardized mean differences (SMD ± 95%C.I.) as calculated from pre- 
and post-intervention data 
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Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

 

Van Houtte et al. 
2008; 

Belgium 
PEDro=8 

RCT 
N=14 

 

Population: C4-T11 AIS A,B, or C; 2-6 months since 
injury 
Treatment:  sham or normocapnic hyperpnea 
training  for 15-30 min x 8 wks; average of 27 sham 
and  28 training sessions 
Outcome measures: MIP, VC, MVV, respiratory 
muscle endurance, respiratory infections. 

1. Significant increase in MIP, VC, MVV, and 
respiratory muscle endurance. and lung 
volumes after IMT  

2. Number of respiratory infections was less 
in the training than the sham group (1 
versus 14). 

 

 
Mueller et al. 
2012 & 2013; 
Switzerland 
PEDro=5 

RCT 
N=24 

 

Population: N=24 individuals with traumatic 
complete tetraplegia (C5-C8, AIS A) were randomly 
assigned to 1 of 3 groups. Placebo group: 6M 2F; 
mean (SD) age: 41.6(17.0) yrs; DOI: 6.6(1.4) 
months. Isocapnic hyperpnea (IH) group: 6M 2F; 
mean (SD) age: 33.5(11.7) yrs; DOI: 6.6(0.9) 
months. Inspiratory resistive training (IRT) group: 6M 
2F; mean (SD) age: 35.2(12.7) yrs; DOI: 6.0(0.0) 
months. 

1. Compared to placebo training, IRT 
showed high effect sizes for inspiratory 
muscle strength (d=1.19), VAS values of 
“cleaning the nose” (d=0.99), and the 
physical component of subjective quality 
of life (d=0.84). 

2. IH compared with placebo showed a high 
effect size for breathlessness during 
exercise (d=0.81). 

0.08	(-0.82,0.98)

-0.04	(-0.94,0.86)

-0.01	(-0.91,0.89)

-0.15	(-1.05,0.75)
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0.42	(-0.49,1.33)

0.44	(-0.47,1.35)
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-0.29	(-1.19,0.62)
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0.44	(-0.47,1.35)
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Tamplin	et	al.	2013;	Singing
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Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

Treatment: All participants completed 32 supervised 
training sessions over 8 weeks. 
Outcome measures: inspiratory and expiratory 
muscle strength 

3. Friedman analysis showed a significant 
effect for IRT versus placebo and versus 
IH on inspiratory muscle strength. 

  

Effect Sizes: Forest plot of standardized mean differences (SMD ± 95%C.I.) as calculated from pre- 
and post-intervention (IH and IRT respectively) data 
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Mueller	et	al.	2013;	Isocapnic	Hyperpnoea
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Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

 

Loveridge et al. 
1989; Canada 

PEDro=5 
RCT 
N=12 

Population: 12 participants with complete motor 
loss below C6-C7 (n=6 control, n=6 training) >1yr 
post injury, mean(SD) age IMT:31(4.1) yrs, Controls: 
35(12) yrs. 
Treatment: Resistive IMT without target at 85% SIP 
for 15 minutes twice daily, 5 days per wk ´ 8 wks. 
Outcome measures: Spirometry. 

1. Increase in MIP and Maximal sustainable 
mouth pressure (SIP) in both the control 
group (30%±19% and 31%±18% 
respectively), and IMT group (42% + 24% 
and 78%±49% respectively) but no 
difference in post-training improvements 
between groups.  

2. The increased MIP and SIP resulted in a 
slower and deeper breathing pattern and a 
significantly shorter inspiratory time:total 
time of respiratory cycle in both trainers 
and control participants. 

Liaw et al. 2000;  
Taiwan 

PEDro=4 
RCT 
N=30 

 

Population: N=30 participants with SCI (C4-C7, 30-
134 post-injury); 20 participants completed (13 
control,17 IMT group), 8M:2F in each group, 
mean(SD) age RIMT:30.9(11.6) yrs; control: 
36.5(11.5) yrs  
Treatment: Target resistive IMT or control; 15-20min 
2x/day ´ 6wks; other rehab activities continued. 
Outcome measures: Spirometry, MIP. 

1. Pre-post % change of VC and TLC in IMT 
group was greater compared to change in 
control values. 

2. MIP improved in both groups which might 
be due to natural progression of 
improvement from SCI, learning to do the 
maneuver, and/or insufficient length of 
training. 

Derrickson et al. 
1992; USA 
PEDro=3 

RCT 
N=40 

Population: 40 participants met admission criteria; 
11 participants completed (9M 2F), neurologically 
complete, C4-C7; 2-74 days post-injury, studied at 
>24hrs after spontaneous breathing, mean (SD) age: 
28.5(5.6) yrs. 

1. Significant improvements within both 
groups in FVC, MVV, PEFR and MIP 
between week 1 and week 7. 

2. No significant differences between 
treatment groups for any of the 

0.33	(-0.66,1.32)
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Mueller	et	al.	2013;	Inspiratory	Resistance	Training
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Author Year; 
Country  
Score  

Research 
Design  

Total Sample 
Size 

Methods Outcome 

 Treatment: Resistive IMT without target (n=6) and 
(n=5) breathing with abdominal weights, 5 days per 
wk ´ 7 wks. 
Outcome Measures: Spirometry. 

improvements in pulmonary variables; 
however, mean changes between week 1 
and 7 tended to be larger for the IMT 
group.  

Litchke et al. 
2012; 
USA 

Pre-post 
N=24 (22 SCI) 

Population: N=24 males (22 with tetraplegia, 1 with 
spastic cerebral palsy, and 1 with congenital upper 
and lower limb deformities) randomly assigned to 1 
of 3 groups: 1) inspiratory and expiratory resistive 
training (n=8); 2) inspiratory and expiratory threshold 
training (n=8); 3) controls (n=8). Age range: 17-35 
yrs; DOI range: 6 months to 17 years.   
Treatment: Resistive group trained with the Expand-
a-Lung;1 set of 10 breathing cycles 3x per day for 9 
weeks. Threshold group trained with the PowerLung 
Performer model; 3 sets of 10 breathing cycles 3 
times per day every day for 9 weeks.  
Outcome measures: SF-36v2 

1. 16 participants completed the study 
(Threshold=4, Resistive=5, CON=7). 

2. Resistive RMT showed reductions in 
bodily pain and improvements in vitality 
domains of the SF36 versus CON values.  
The mechanism of decreased pain as a 
consequence of RMT is difficult to 
determine. However, due to the 
significance of pain on health related 
quality of life, this outcome is worthy of 
further consideration.  

 

Ehrlich et al. 
1999; Canada 
Case Series 

N=1 

Population: 26 yr old male,C3-C4 
Treatment: Threshold IMT and Positive expiratory 
pressure value (Peripep) for one year. 
Outcome measures: MIP, infection number. 

1. Number of respiratory infections decreased 
from 3 to 2.  

2. Number of respiratory infections requiring 
acute care hospitalization decreased from 
2 to 0. 

3. MIP increased from 10 to 42 cmH2O. 
4. Daily suctioning 10x daily decreased to 

intermittent suctioning not required daily. 

Uijl et al. 1999;  
The Netherlands 

Prospective 
Controlled Trial 

N=10 

Population: 10 participants recruited; 9 participants 
completed (8M 1F), all with tetraplegia C3-C7, 2-
27yrs post-injury; AIS A (n=3), B (n=3), C and D 
(n=3); Age: mean 34.4 yrs (range 20-49 yrs)  
Treatment: No resistive sham training (6 weeks) 
then Target flow IMT (6 weeks). 15 min twice daily 
for each phase of 6 wks. 
Outcome measures: Spirometry, MIP, Maximal 
incremental threshold load (TLmax). 

1. TLmax, a measure of inspiratory muscle 
endurance increased after both sham 
training and IMT. 

2. No significant improvement in MIP for 
either group or differences in post-training 
change between groups. 

3. Significant increase in peak power, VT and 
oxygen consumption during maximal 
exercise test at 6-12wks of IMT. 

Rutchik et al. 
1998;  
USA 

Pre-post 
N=9 

Population: N=9 people with SCI; C4-C7;  >1 yr 
since injury;  Age: 24-65 yrs with mean 36 yrs  
Treatment: Resistive IMT without target 15 min 
twice daily ´ 8 wks. 
Outcome measures: MIP, spirometry. 

1. Significant increase in MIP and lung 
volumes after IMT.  

2. At 6 months, 4 months after training 
stopped, trends towards baseline and 
repeat measures in 7 of 8 participants 
showed no difference between baseline 
and 6 months outcomes.  

3. Compliance ranged between 48 and 100% 
of IMT sessions.	

Hornstein & 
Ledsome 1986;  

Canada 
Case Series 

N=20 

Population: N=20 participants (18M 2F) in acute 
post-traumatic phase; 10 tested at 4 months, 10 
others were discharged, non-compliant or had 
medical complications. 
Treatment: Resistive IMT without target 15min 
2x/day ´6wks. 
Outcome measures: MIP 

1. Four months after IMT began, 10 
participants showed improvement in MIP 
from mean (SD) 45(4.1) mmHg to 59(6.8) 
mm Hg but no statistics were performed on 
data. 

2. Two case reports showed improvement in 
MIP and decreased dyspnea.  
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Score  

Research 
Design  

Total Sample 
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Methods Outcome 

Gross et al. 
1980;  

Canada 
Pre-post 

N=6 

Population: N=6 people with SCI (4M 2F); age 
range:18-41 yrs; >1 yr post injury 
Treatment: Resistive IMT without target 30 min per 
day, 6 days per wk ´ 16 wks. 
Outcome measures: MIP 

1. During training, progressive and significant 
increases in MIP and the critical mouth 
pressure that resulted in EMG signs of 
diaphragm fatigue. 

Discussion 

Two RCTs provide level 1a evidence (Mueller et al. 2012 and 2013; Van Houtte et al. 2008) that 
inspiratory resistive and normocapneic hypernea training, respectively, significantly increases 
inspiratory muscle strength. A case report provides level 5 evidence that threshold IMT improved 
inspiratory muscle strength and decreases the number of respiratory infections (Erlich et al. 1999).  
One RCT (Tamplin et al. 2013) provides level 1 evidence that group singing exercises 3 times weekly 
for 12 weeks significantly improves phonation, and projected speech intensity. 
 
Earlier reports were not comparable and could not be combined in a meta-analysis (Brooks et al. 
2005) because of research design, heterogeneity of subject characteristics or differences in training 
techniques. Several previous studies that used an RCT design incorporated with suboptimal IMT 
protocol. In particular, several used an inspiratory resistive device with no target to control for 
decreasing resistance with slower flows so the training methods may have induced an alteration in 
breathing pattern towards slower inspiratory flows rather than a training response against higher 
inspiratory pressures. The few studies that utilized a RCT design also showed improvement in both 
control (or sham) and training groups.  Comparable improvement in measures of inspiratory muscle 
and lung function in the control and IMT groups may reflect learning of testing maneuvers, benefit 
from other rehabilitation or lifestyle activities, and/or natural progression of improvement after SCI.   
 
The single subject report by Ehrlich et al. (1999), utilized the threshold trainer, which imposes a 
constant inspiratory load regardless of breathing pattern.   Given that threshold IMT has consistently 
shown improvements in inspiratory muscle strength and endurance in people with chronic obstructive 
pulmonary disease, this technique warrants a larger RCT to determine its benefit for people after SCI. 
 
The RCT by Van Houtte et al. (2008) and case report by Erlich et al. (1999) provides level 5 evidence 
that respiratory muscle training has the potential to dramatically reduce respiratory infections. 
 
Future research to determine a potential treatment effect of IMT after SCI, should utilize:  1) larger 
samples; 2) a research design that controls for the influence of learning or recovery from SCI on IMT 
outcome measures of inspiratory muscle strength and endurance, and dyspnea; 3) optimal training 
techniques of threshold loading, targeted resistive devices, or normocapnic hyperpnea; 4) outcomes 
of inspiratory muscle strength and endurance; dyspnea; quality of life; daily function; 5) a comparison 
of the effectiveness of IMT relative to or as an adjunct to other rehabilitation interventions. Of equal 
importance, overly aggressive prescription of IMT has the potential to fatigue and injure the inspiratory 
muscles, which can increase the person’s predisposition to respiratory compromise.  The article by 
Reid et al. (2004) provides a table that outlines parameters to monitor during IMT in order to avoid 
untoward responses such as muscle fatigue and hypercapnia. Parameters include: intensity of load, 
mode of load, duration, frequency and length of training to ensure adequate training protocol; blood 
pressure, heart rate, respiratory rate, other signs and symptoms of respiratory distress or inability to 
tolerate exercise load as signs of exercise intolerance; discoordinate chest wall movement, excessive 
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dyspnea during training, long lasting complaints of fatigue after training sessions to avoid inspiratory 
muscle fatigue; signs of delayed-onset muscle soreness, reduced strength and endurance to avoid 
muscle injury; and end-tidal CO2, SpO2 and signs of headache, confusion to avoid hypercapnea 
(Reid et al. 2004). Van Houtte et al. (2008) provided 48 hours rest after their participants were unable 
to tolerate an overly intense workload. 
 
For inspiratory muscle training to improve ventilation, decrease dyspnea, and to improve daily function 
after SCI, parameters to optimize IMT are only available for people with other respiratory conditions.  
For people with chronic obstructive pulmonary disease, the optimal IMT protocol should utilize 
threshold or targeted resistive trainers, at an intensity of 30-70% of MIP, for a duration up to 30 
minutes per session, performed continuously or in intervals, 4-6 days/week and be continued 
indefinitely (Geddes et al. 2006).  Progression of intensity (MIP) should not exceed 5% per week.  

Conclusion 
There is level 1b evidence based on 2 RCTs (Van Houtte et al. 2008; Postma et al. 2014), level 2 
evidence based on 5 RCTs (Mueller et al. 2012/2013; Loveridge et al. 1989; Liaw et al. 2000; 
Derrickson et al. 1992; West et al. 2014), level 3 evidence from 2 studies (Aslan et al. 2016 and 
Fischer et al. 2014) and level 4 evidence from several pre-post and case studies to support IMT 
as an intervention that will improve inspiratory muscle strength and might decrease dyspnea 
and respiratory infections in some people with SCI. 
 

 
 

7.1 Intermittent Hypoxia  

Intermittent hypoxia is usually studied as a complication contributing to other medical problems, 
including sleep-disordered breathing. However, it can also be used as a training protocol to improve 
somatic motor function and increase growth factor expression in the central nervous system (CNS) 
(Dale et al. 2014). Complication rates, cost, and quality of life are among the many important factors to 
consider in all forms of assisted ventilation training.  
 
Table 13: Intermittent Hypoxia 
 

Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

Tester et al., 2014 
United States 

Controlled Trial 
N=8 

Population: N=8 incomplete SCI 
individuals (4M 4F) 
Mean age (SD): 53.1(10.9) 
Mean DOI (SD): 5.1(1.7) years 
AIS-A/C/D: 1/2/5 
6 cervical, 2 thoracic 
Treatment: 
10 days of intermittent hypoxia 
Outcome Measures: 
Minute ventilation (MV), tidal volume, 
forced vital capacity (FVC), forced 
expiratory volume in 1 second (FEV1), 
tidal volume, breathing frequency 

1. Significantly increased tidal volume during 
recovery in IH than that in sham protocol 
compared to baseline* 

2. Increased FVC and FEV1 in 4 individuals after 
10 days, 3 showed no change, 1 showed 
decline 

3. Increase in MV significantly associated 
between increase in tidal volume & breathing 
frequency during recovery period after IH 
session 

4. No significant difference in MV, tidal volume, 
and breathing frequency in recovery periods 
and baseline* periods over 10 days of 
intervention, respectively 

Respiratory muscle training generally improves respiratory muscle strength and endurance in 
people with SCI. 
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*values before each IH session, under 
supplemental CO2 

Sankari et al., 2015 
United States 

Controlled Trial 
N=24 

 

Population: N=24 SCI and able-
bodied individuals  
Mean age (SD): 38.9 (15.9) 
Mean DOI* (SD): 12.9 (6.2) 
AIS-A/C/D: 14/1/1 
8 cervical SCI (CSCI), 8 thoracic SCI 
(TSCI), 8 able-bodied (AB) 
*Applicable to CSCI & TSCI groups 
only 
Treatment: 
Acute intermittent hypoxia (AIH, 15 
episodes of 1 min) & sham protocol on 
each subject 
Outcome Measures: 
Minute ventilation (VE), tidal volume 
(VT), and cardiovascular measures 

1. Significantly increased VE during hypoxia 
2. Significantly increased VE* in CSCI patients 

only 
3. Significantly increased VE variability* in TSCI 

patients only 
4. No significant change in VE & VE variability in 

sham protocols* 
5. Significantly higher VE variability at baseline 

and recovery in CSCI patients compared to 
TSCI and AB 

6. Significantly increased VT* in CSCI & TSCI 
patients 

7. Significantly greater increase in VT* in CSCI 
compared to TSCI 

 
*During posthypoxic recovery compared to baseline 

 
8.0 Assistive Devices and Other Treatments 

 
8.1 Girdle/Abdominal Binder 

Abdominal binders are used to prevent the abdominal contents from falling forward in order to 
maintain abdominal pressure in upright participants with SCI. The increase in abdominal pressure is 
considered to position the diaphragm at a longer dome-shaped length and hence, improve inspiratory 
function.  Abdominal binders are most commonly used in people with loss of abdominal wall strength 
(generally lesions above T6). Some early work (primarily level 4 studies) looking at the effects of 
abdominal binders on respiratory function in SCI was done prior to 1980 but was not included in this 
review. Studies on the effects of abdominal binders need to include positioning information as position 
greatly influences lung volumes in tetraplegia.  
 
In addition to being used as a respiratory intervention, abdominal binders are used as an intervention 
in people with postural hypotension (see the Orthostatic Hypotension chapter). 

Table 14: Abdominal Binding 

Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

Cornwell et al., 2014 
Australia 

Prospective Cohort 
N=13 

 

Population: N=13 acute traumatic motor-
complete SCI patients from ICU (12M 1F) 
Mean age (SD): 36.9(21.8), lesion levels C3-T1 
Treatment: 
Abdominal binders (AB), measurements taken 
while AB-on & AB-off for each patient 
Outcome Measures: VC, FVC, FEV1, PEFR, 
MEP, and various speech measures 

1. Significant increase in VC, FCV, & 
FEV1 when AB is on, compared to 
when AB is off.  

Wadsworth et al. 2012; 
Australia 
PEDro=5 

Randomized crossover 
study 
N=14 

Population: N=14 (13M; 1F) people with motor 
complete, C4-T1 SCI; mean (SD) age: 
32(16)yrs.  
Treatment: Abdominal binder (AB) on/off with 
participant seated in upright wheelchair, with 3 
repeated measures at 6 weeks, 3 months, and 6 
months after commencing daily use of an 

1. AB significantly improved FVC 
(weighted mean difference .34L [95% 
confidence interval (CI) .10 –.58], 
P<.005), FEV1 (.25L [.01-.51], P<05), 
PEFR (.81L/s [.13–1.48], P<.02), MIP 
(7.40cmH2O [1.64 –13.14], P<.01). 

2. Participants stopped wearing an AB 
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Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

upright wheelchair. 
Outcome measures: FVC, FEV1, PEFR, MIP, 
MEP, MAP, maximum sustained vowel time, 
sound pressure level 

daily; reasons included “I think the AB 
will stop my abs from working” (n=2) 
and “the AB keeps riding up my ribs 
when I’m exercising” (n=1). 

West et al. 2012; 
UK 

Pre-post 
N=21 (13 SCI) 

Population: N=13 individuals with SCI and N=8 
matched AB controls. SCI group: 12M 1F; 
mean(SD) age: 32(8). Control group: 6M 2F; 
mean(SD) age: 32(8) yrs. 
Treatment: Participants underwent three trials 
for assessment of: 1) diaphragm and ventilator 
function, 2) pulmonary function, and 3) 
cardiovascular function. For each trial, 
participants were exposed to 3 conditions: 1) 
unbound (UB), 2) loose-bound (LB) and 3) tight-
bound (TB). 
Outcome measures: VC, expiratory flow, IC, 
maximal expiratory mouth pressure, residual 
volume, functional residual capacity, tidal and 
twitch transdiaphragmatic pressures, cardiac 
output, systolic mitral annular velocity, late-
diastolic mitral annular velocity. 

1. In SCI, TB increased VC (14%), 
expiratory flow throughout VC (15%), 
IC (21%), and MEP (25%). In 
contrast, TB reduced residual volume 
(-34%) and functional residual 
capacity (-23%).  

2. TB increased tidal and twitch 
transdiaphragmatic pressures 
(~45%). TB increased cardiac output 
(28%), systolic mitral annular velocity 
(22%), and late-diastolic mitral 
annular velocity (50%). 

 

Julia et al. 2011; Malaysia 
Pre-post 

N=21 
 

Population: 18M, 3F; 17 tetraplegia, 4 
paraplegia; 13 complete, 8 incomplete 
Treatment: Single-strap abdominal binder 
(SSAB) and triple-strap abdominal binder 
(TSAB) 
Outcome Measures: Voluntary cough PEFR 

1. Both binders improved PEFR, but 
TSAB improved to a greater extent. 
The difference in binder effects was 
significant for the tetraplegic group but 
not for the paraplegic group. 

2. In participants with incomplete injury, 
PEFR increased from 290.0(105.8) 
L/min at baseline to 332.5(110.5) and 
366.3(101.5) L/min with SSAB and 
with TSAB, respectively.	 

 
Prigent et al. 2010; 

France 
Prospective observational 

N=72 

Population: Regular corset users: 28 males, 8 
females, mean age 37, mean YPI 7 
Controls (no longer used corset): matched for 
sex and injury level; 28M, 8F, mean age 39, 
mean YPT 16 
Treatment: use of corset 
Outcome measures: VC, IC, Expiratory 
residual volume (ERV) 

1. In supine, VC did not differ between 
users and nonusers, but in sitting, VC 
was less for the users without the 
corset than nonusers.  Corset use 
increased VC in sitting.  

2. 19 corset users compared at least 1 
day with and without the corset during 
their usual activities and wearing the 
corset was associated with a 
significant drop in the severity of 
dyspnea. 

Hart et al. 2005; 
France 

Pre-post 
N=10 

Population:  7 tetraplegia, 3 paraplegia, mean 
age: 35.8 yrs, age range:18-56 yrs,  3-27 
months post-injury, post-traumatic SCI levels: 
C5-T6, ASIA A,  
Treatment:  Custom girdle, designed to provide 
truncal stability and abdominal support  
Outcome measures: Spirometry 
 

Abdominal binding resulted in:  
1. Decrease in respiratory effort 

measured by Borg scale (4.3(1.8) to 
2.3(1.8)).   

2. Increase in IC and FVC,  
3. Decrease in functional residual 

capacity ; 
4. Increase in diaphragm pressure-time 

product - a measure of diaphragm 
work; 

5. Increases in twitch and maximal 



 

45 

Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

transdiaphragmatic pressure – 
measures of diaphragm force. 

Estenne et al. 1998;  
USA 

Pre-post 
N=8 

Population:  8 participants with SCI; Age range: 
21-41 years; level of injury C5-C8; length of 
injury: 6-200 months  
Treatment: Abdominal strapping  
Outcome measures: Spirometry 
 

Strapping the abdomen in SCI resulted in: 
1. Increase in VC; 
2. Decrease in FRC and residual 

volume. 
3. Small but inconsistent increases in 

maximal esophageal pressure and 
expiratory flow rate that might not 
improve cough. 

McCool et al. 1986; 
USA 

Prospective Controlled 
Trial 
N=13 

Population: 13 tetraplegia (C4-C7), 9 able-
bodied controls, all male, mean(SD) age: 
29.9(11.4) yrs 
Treatment: 3 Body Positions:  supine, head-up 
tilted (37o) and seated – with and without 
abdominal binders  
Outcome measures: Spirometry 
 

Abdominal binding in SCI resulted in:  
1. Increase IC in all positions, and total 

lung capacity in the tilted and sitting 
positions  

2. Decrease in functional residual 
capacity  in all positions  

3. An increase in rib cage dimensions at 
TLC.	

Discussion 
Well-designed studies demonstrate that abdominal binders in people with tetraplegia significantly 
increase IC or VC, and decrease FRC in all positions (McCool et al. 1986; Estenne et al. 1998; Hart et 
al. 2005; Prigent 2010; Julia et al. 2011; West et al. 2012; Wadsworth et al. 2012). One randomized 
cross-over design of long term use (Wadsworth et al. 2012) showed that abdominal binding 
significantly improved spirometry and inspiratory muscle strength. One study examining a small 
sample (n=10) showed that a custom girdle reduces the sensation of respiratory effort as measured by 
the Borg Rating of Perceived Exertion (Hart et al. 2005). Abdominal binding can improve PEFR 
(Wadsworth et al. 2012; West et al. 2012; Julia et al. 2011) but its relevance to an improved cough 
has been questioned enhance cough (Estenne et al. 1998).  Worthy of further study, the 
diaphragmatic pressure-time product increases after abdominal binding may represent enhanced 
diaphragmatic force production but it is not known if this change translates to an improved efficiency of 
breathing and decreased work of breathing. 
 
Interventions to increase abdominal pressure and decrease the laxity of abdominal chest wall, which 
in turn affects diaphragm length and position, have been used in other patient groups. Abdominal 
binding for people with SCI should be introduced cautiously and be rigorously assessed because of 
the potential for alteration of diaphragm length to result in mechanical inefficiency, increased dyspnea, 
and inspiratory muscle fatigue. The design of the abdominal binder may influence the impact of the 
abdominal binder (Julia et al. 2011). 
 
One study has shown intermediate or long-term effects of abdominal binding on people with SCI (C4-
T1). Positioning and using other interventions that increase abdominal pressure in other chronic 
respiratory conditions improve diaphragm force production but also can induce diaphragm fatigue and 
have variable influence on dyspnea reduction. The clinical outcomes of abdominal binding should be 
carefully evaluated for each individual. Abdominal binding could potentially have positive or 
deleterious effects on inspiratory muscle efficiency and dyspnea in different people after SCI. 
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Conclusions 

There is level 2 evidence (Wadsworth et al. 2012; Cornwell et al. 2014) that abdominal binding 
in tetraplegic individuals can improve respiratory function, and longer term use can continue 
to be effective. 
 

 
 
8.2 Vibration 

Vibration of the muscle tendon to enhance muscle contractile force has been studied in healthy people 
and in people after SCI.  This modality may have the potential to decrease disuse atrophy in some 
people after SCI who have partial voluntary control of muscle and is described as being more 
comfortable than electrical stimulation (Ribot-Ciscar et al. 2003).  Alternatively, vibration also has been 
considered as an intervention to diminish involuntary muscle contraction after SCI (Butler et al. 2006).  
The literature on the use of vibration to improve inspiratory and expiratory muscle contraction or to 
control unwanted spasm of these muscles after spinal cord injury is almost non-existent.  One early 
report examining the physiologic response to this modality in people with spinal cord injury is outlined 
in the following table. 

 

Table 15: Vibration 

Author Year; Country  
Score  

Research Design  
Total Sample Size 

Methods Outcome 

Homma et al. 1981;  
USA 

Pre-post 
N=13 

Population: 13 people after SCI (11 M, 2 F), ages: 
17-49 yrs, C4-T1 lesions, 1 incomplete, 12 
complete); 19-49 months post-injury 
Treatment: Application of vibratory stimulus to the 1) 
parasternal intercostal spaces; 2) 7th -10th 
intercostal spaces anterior to midaxillary lines; 3) 
Inspiratory and expiratory vibrations were combined 
to produce alternating in phase vibration. 
Outcome measures: Spirometry. 

1. Inspiratory, expiratory and 
combined in-phase vibrations 
increased VT and VE while 
decreasing fb. 

2. The combined-alternating in-
phase vibration increased VT 
more than inspiratory or 
expiratory in-phase vibration 
alone.			

Discussion 
One report has shown that alternating in-phase vibration applied during inspiration (over the 
parasternal intercostals) or during expiration (applied over the 7th-10th intercostal spaces) significantly 
increased VT and VE with an even greater effect on these two variables when in-phase vibration was 
applied during inspiration and expiration.  Further study is required to examine the long-term utility and 
compliance of this modality to enhance ventilation in people with SCI.  Further, the specific 
parameters of vibration that enhance versus diminish muscle excitation and contraction needs to be 
explored in people with different levels and types of SCI. 

Conclusion 
There is level 4 evidence (based on 1 pre-post study) (Homma et al. 1981) that the use of chest 
wall vibration increases tidal volume and minute ventilation in people with tetraplegia.   

 
Abdominal binding can be used to achieve immediate improvements in respiratory function, but 

long-term effects can be sustained during its application. 
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8.3 Immersion 

The effects of immersion in shoulder-deep water on spirometry in SCI have been studied. While 
immersion in water does not represent a treatment modality for pulmonary function, the effects of 
immersion are important to note from a clinical perspective because many people with SCI undergo 
pool-based therapy that exposes them to shoulder-deep immersion in water. 

Table 16: Immersion  

Author Year; Country  
Score  

Research Design  
Total Sample Size 

Methods Outcome 

Thomaz et al. 2005;  
Brazil 

Pre-post 
N=34 

Population: 34 men: 23 complete (C4-C8) 
tetraplegia & 11 healthy controls. median age: 
25yrs (treatment) & 27yrs (control), 2-89 
months post-injury, AIS A-B 
Treatment: Spirometry immediately before 
and 5-15min following immersion to shoulder 
level in water (33.5ºC-34.5ºC) and 5-10min 
after withdrawal from the water. All 
participants were studied in upright, seated 
posture, in & out of the water. 
Outcome Measures: Spirometric 
measurements. 

1. Immersion increased the FVC and FEV1 
of tetraplegic participants. FVC and 
FEV1 decreased in control participants.  

2. Among the participants with tetraplegia, 
the lower the pre-immersion VC, the 
greater the percentage of improvement 
following immersion.  

3. No relationship was found between the 
time elapsed since cervical cord injury 
or its level and the degree of 
improvement.	

Discussion 
Immersion in shoulder-deep water results in changes in lung function tests in people with tetraplegia. 
Bosch and Wells (1991) showed that in comparison to able-bodied and people with paraplegia, people 
with tetraplegia have a significant decrease in residual volume with immersion.  In a pre-post trial 
involving 23 motor complete people with tetraplegia and 11 healthy controls, Thomaz et al. (2005) 
concluded that overall, immersion in water appeared to improve breathing mechanics in people with 
tetraplegia. 

Conclusion 
There is level 4 evidence (based on 1 pre-post study) (Thomaz et al. 2005) that the use of 
immersion to shoulder-deep 33-34° C water improves pulmonary function immediately in 
persons with tetraplegia but longer terms effects have not been evaluated. 
 

 
 
 
 

 
Chest wall vibration may improve pulmonary function while the vibration is applied, but carry-over 

effects when the vibration is not in use have not been evaluated.  

There is limited evidence that immersion to shoulder-deep 33-34° C water can improve 
pulmonary function immediately, but carry-over effects following immersion have not been 

evaluated. 
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9.0 Sleep Disordered Breathing in SCI 

Sleep disordered breathing, commonly known as sleep apnea, is a disease characterized by recurrent 
collapse of the upper airway during sleep leading to nocturnal hypoxemia and sleep fragmentation. 
Characteristic symptoms include loud snoring, excessive daytime sleepiness, and nocturnal choking. 
Risk factors for disease include alcohol use, sedatives, obesity, increased age, and male gender.  
Because of activation of systemic inflammation and the sympathetic nervous system, sleep apnea 
may be an independent risk factor for the development of cardiovascular disease. In the able-bodied, 
sleep apnea is relatively common and under-diagnosed.  
 
Generally, the first line treatment of sleep apnea is lifestyle counseling (i.e., weight loss, avoidance of 
alcohol). There are different types of sleep apnea and they require different treatment approaches; 
obstructive sleep apnea occurs when throat muscles relax, and central sleep apnea occurs when your 
brain doesn't send proper signals to the muscles that control breathing. Obstructive sleep apnea can 
be treated with continuous positive airway pressure (CPAP) therapy, considered to be first-line 
therapy. This consists of a mask placed on the face attached to an air compressor via plastic tubing. 
CPAP devices establish a positive pressure in the upper airway preventing its collapse during sleep. 
Studies of CPAP in people without SCI demonstrate significant benefits in terms of reducing 
sleepiness and preventing motor vehicle crashes. Other therapies that have been used to treat 
obstructive sleep apnea include mandibular advancement devices (dental splints) and upper airway 
surgery. Central sleep apnea requires a back-up rate, and sleep-related hypoventilation and a 
pressure differential between inspiration and expiration (a treatment called Bi-level PAP) (Chiodo et al. 
2016). Research shows that central apnea is more common in patients with tetraplegia than in 
patients with paraplegia (Chiodo et al. 2016).  
 
9.1 Prevalence and Risk Factors 

Breathing disorders including sleep apnea appear to have a higher prevalence in people after SCI 
than those without with some researchers estimating it is present in 60% of motor complete persons 
with tetraplegia (Prosperio et al. 2015; Chiodo et al. 2016). In general, the studies that examined the 
prevalence of obstructive sleep apnea were limited by small sample sizes and by an experimental 
design that lacked an able-bodied control group that could be directly compared to the SCI patients. 
Both overnight oximetry and full polysomnography were used to diagnose disease. The prevalence 
rate ranged from 9.1-83% (Short et al. 1992; Burns et al. 2000; Burns et al. 2001; Stockhammer et al. 
2002; Berlowitz et al. 2005). Obesity was identified as a risk factor for sleep apnea in most studies. 
The use of muscle relaxants was identified as a potential risk factor for sleep disordered breathing in 
some but not all studies (Short et al. 1992; Ayas et al. 2001; Burns et al. 2001; Berlowitz et al. 2005). 

Table 17: Treatment of Sleep Disordered Breathing 

Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

Proserpio et al. 2015 
Italy 

Prospective observational 
study 

N = 35 

Population: Thirty-five (15 tetraplegic and 
20 paraplegic) patients were enrolled. 
Nine patients (25.7%) had 
an obstructive sleep-disordered breathing 
(SDB) and 10 (28.6%) had periodic leg 
movements during sleep (PLMS). 
 
Treatment: Each patient underwent a 
clinical assessment, full 
polysomnography, and arterial blood gas 
analysis before and immediately after 

1. The frequency of SDB in the first year 
following injury was higher in tetraplegic 
than in paraplegic participants whereas 
PLMs were significantly more frequent 
in participants with an incomplete motor 
lesion than in participants with a 
complete motor lesion  

2. Multiple regression shows that the level 
and the completeness of the spinal cord 
lesion are the main factors associated 
with an early development of SDB and 
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Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

sleep. 
Outcome Measures: Multiple logistic 
regressions were applied in order to 
evaluate factors associated with SDB and 
PLMS. 

PLMS. 

Sankari et al 2014 
USA 

Prospective observational 
N = 24 

 

Population: Twenty-four participants 
(8 cervical SCI, 8 thoracic SCI, and 8 
controls – 3 females, 5 males in each 
group) mean (SD) BMI: 29.2(6.6) kg/m2; 
most of whom were diagnosed with sleep 
apnea. 
Treatment: None 
Outcome Measures:  
The ventilation, timing, Upper Airway (UA) 
resistance, and pharyngeal collapsibility, 
defined by critical closing pressure, were 
determined during non-rapid eye 
movement sleep. Inspiratory duty cycle 
and minute ventilation were observed in 
response to increasing severity of UA 
obstruction. 
 

1. Compared with controls, both cervical 
and thoracic SCI participants 
demonstrated elevated passive critical 
closing pressure.  

2. No difference in UA resistance was 
observed between groups. Cervical and 
thoracic SCI individuals had a similar 
degree of hypoventilation and dose-
dependent increase in inspiratory duty 
cycle in response to UA obstruction.  

3. Passive UA collapsibility is increased in 
both cervical and thoracic SCI 
compared with controls.  

4. The neuromuscular compensatory 
responses to UA obstruction during 
sleep are preserved in chronic SCI and 
are independent of the level of injury. 

Burns et al. 2005; 
USA 

Case Series 
N=40 

Population: 40 men after SCI (37 with 
tetraplegia) 
Mean (SD) BMI: 29.2(6.6) kg/m2 ; most of 
whom were diagnosed with sleep apnea . 
Treatment: None 
Outcome Measures: Survey requesting 
information about long-term treatment 
outcomes and side effects of sleep apnea 
treatment in persons with SCI 

1. CPAP continually used by 63% of the 
participants out of 32 (80%) of participants 
who tried it. 

2. Main reasons for not using CPAP were 
inability to fall sleep, mask discomfort & 
claustrophobia.  

3. Most common side effects were nasal 
congestion in 12 and mask discomfort in 8.		

Stockhammer et al. 2002; 
Switzerland 

Pre-post 
N=50 

 

Population: 50 people (40M 10F) with 
SCI lesion levels between C3 and C8; 
mean(SD) age: 48.6(14.0), range from 20-
81 years;  Mean 11.4 years post injury 
(range from 0.5 to 37 years) 
Treatment: CPAP 
Outcome Measures: Sleep breathing 
data and oxymetric values were 
investigated in context with age, gender, 
BMI, neck circumference, type and height 
of lesion, time after injury, spirometric 
values and medication. A non-validated 
short questionnaire on daytime complaints 
was added. 

1. 31 out of the 50 participants with tetraplegia 
had a respiratory disturbance index (RDI) of 
15 or more (mean 30.5) defined as sleep 
disordered breathing (SDB).  

2. 16 patients accepted a trial of CPAP; of 
these, 11 continued to use CPAP after a few 
weeks. Of these 11 patients, 10 patients 
reported an improvement of symptoms after 
using long term CPAP therapy.	 

Biering-Sørensen et al.  
1995; 

England 
Case Series 

N=3 

Population: 3 people after SCI, ages: 47, 
54, 56 yrs, C6 incomplete, T2 complete; 
Duration of injury: 19, 6, 37 years. All 3 
patients reported severe daytime fatigue 
and sleep complaints 
Treatment: Continuous positive airway 
pressure (CPAP) via a nasal mask 
Outcome Measures: Case report for 
each patient; measures included 

1. In two patients, CPAP treatment decreased 
daytime sleepiness, improved sleep and 
oxygen saturation.  

2. One patient improved after losing 33 kg, and 
reducing alcohol intake and smoking	
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Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

polysomnographies (PSG).  

Discussion 
Sleep disordered breathing is common in people with SCI; obesity appears to be a consistent risk 
factor. There are few studies that have assessed the impact of sleep apnea therapy in patients with 
SCI. In a three person case series, Biering-Sørensen demonstrated successful therapy with CPAP in 
two people and with weight loss in the third. No randomized controlled trials of CPAP have been 
reported. One study (Burns et al. 2000) demonstrated a low acceptance rate of CPAP (2 of 8 patients) 
given a trial of therapy. However, two larger studies demonstrated greater rates; Burns et al. (2005) 
demonstrated a long-term acceptance rate of CPAP of 63% (20/32) in patients offered CPAP therapy, 
and Stockhammer et al.( 2002) reported a long-term rate of 69% (11/16 who accepted a trial). In 
general, people who continued to use CPAP reported beneficial effects.  There are a limited number 
of studies that have examined the impact of sleep apnea therapy on health and quality of life 
outcomes in SCI; this should be a focus of future investigations. More research would also be helpful 
on the different types of sleep apnea and their treatments.  

Conclusion 
There is level 4 evidence (based on 2 case series and 2 pre-post studies) (Stockhammer al al. 
2002; Burns et al. 2005; Biering-Sørensen et al. 1995; Yang et al. 2014) to support therapies to 
treat sleep disordered breathing in people with SCI. 
 

 
 
10.0 Cough Assist and Secretion Removal 

People with spinal cord injury are at risk for retention of secretions because of an increased 
prevalence of pneumonia compounded by lower expiratory flows during cough, which is greatest 
during the acute phase after SCI. Increased prevalence of respiratory infections, although decreased 
during the rehabilitation phase of recovery, is still higher in people with SCI compared to age-matched 
healthy people, and secretion retention is a major contributor to respiratory illness in people with SCI 
(Reid et al. 2010).  Reduction in expiratory flows during cough is related to the higher levels of SCI.  
Of considerable surprise, several devices that have been shown to be effective in people with other 
chronic respiratory conditions have not been evaluated in people with spinal cord injury. 

Table 18: Cough Assist and Secretion Removal 

People with SCI have a high prevalence of sleep disordered breathing, and therapy may improve 
quality of life and other outcomes. Therefore, we recommend vigilance for suggestive signs and 
symptoms (e.g., snoring, obesity, witnessed apneas, daytime sleepiness) and further testing in 

patients with suggestive symptoms/signs (with overnight oximetry or polysomnography). 
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Author 
Year; 

Country  
Score  

Research 
Design 
Total 

Sample 
Size 

Methods Outcome 

Molgat-
Seon et al. 

2017; 
Canada 
Pre-Post 
N=12 (2 

with cervical 
SCI) 

Population: 12 people with respiratory muscle 
weakness (RMW, maximal inspiratory mouth 
pressure <30% predicted; age = 29 ± 3 yrs), 
including 2 with C5 SCI, and 12 healthy controls 
(age = 29 ± 2 yrs) 
Treatment: LVR with manual resuscitation bag 
delivered to maximum tolerated mouth pressure. 
Outcome Measures: Maximum insufflation 
capacity; respiratory system compliance (pulse 
method); peak cough flow (PCF); peak expiratory 
flow (PEF) during LVR; lung volumes (TLC, VC, IC, 
FRC, ERC, RV) 

1. In the RMW group, LVR increased respiratory 
system compliance 40% above baseline, no 
change in control group.  

2. Peak expired flow during LVR increased ~1l/s 
3. No change in unassisted PEF or PCF.  
4. LVR had no effect on lung volumes.  

 

Jeong & 
Yoo, 2015 

Korea 
PEDro=6 

Randomized 
Controlled 

Trial 
N=26 

Population: N=26 with cervical SCI  
Mean (SD) age*: 47.6 (11.7) years 
*data prior to exclusion, N=30 
Treatment:  
Experimental group (14, Exp): 20 repetitions of air 
stacking twice a day  
Control group (12, Ctrl): 20 repetitions of incentive 
spirometry twice a day  
Outcome Measures: FVC, FEV1, peak cough flow 
(PCF) 

1. Between-group – significant increase in FVC and 
PCF in experimental group compared to controls 

2. Within-group – significant difference in FVC and 
PCF at 6 weeks (compared to baseline) in 
experimental group; only FVC significantly 
different at 6 weeks in controls 

Effect Sizes: Forest plot of standardized mean differences (SMD ± 95%C.I.) as calculated from pre- and 
post-intervention data 

 

Torres-
Castro et al. 

2014;  
Chile 

Cross-
sectional 
N = 15 

Population: Fifteen in-patients with complete 
tetraplegia (C4–C6, AIS A) were included. Median 
age was 33 years (16–56). 
Treatment: Peak cough flow (PCF) was measured 
during four different interventions: spontaneous 
maximal expiratory effort (MEE); MEE while 
receiving Assisted Cough (MEE-AC); MEE after Air 
Stacking with a manual resuscitation bag (AS-
MEE); and MEE with AS and AC (AS-MEE-AC). 
Outcome Measures: Peak cough flow (PCF) 

1. We observed significant differences in PCF while 
applying MEE-AC and AS-MEE compared with 
MEE.  

2. The difference in PCF value was greatest using 
the AS-MEE-AC techniques combined.  

3. The application of combined techniques (AS-
MEE-AC) can reach near normal PCF values. 
This is a low-cost, simple and easily applied 
intervention that could be introduced to all 
patients with tetraplegia. 

0.24	(-0.53,1.02)

0.08	(-0.69,0.85)

0.34	(-0.44,1.11)
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Favours		Control																	Std	Mean	Difference	(95%C.I.)																	Favours		Treatment

Jeong	&	Yoo	2015;	Air	Stacking
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Author 
Year; 

Country  
Score  

Research 
Design 
Total 

Sample 
Size 

Methods Outcome 

Pillastrini et 
al. 2006; 

Italy 
PEDro = 3 

RCT 
N=not 

reported 
 

Population: Complete cervical SCI, control group 
(CG) mean(SD) age 52.2(17.6) yrs; experimental 
group (EG) age 31.5(16.1) yrs. Number of 
participants not reported. 
Treatment: EG = Manual respiratory kinesitherapy 
(included chest therapy techniques such as 
postural drainage, assisted coughing, Ambu bag to 
provide positive pressure) coupled with mechanical 
insufflation/exsufflation (portable machine which 
inflates lung with positive pressure and assists 
coughing with negative pressure); CG = manual 
kinesitherapy only 
Outcome Measures: FVC, FEV1 and PEF  

1. EG showed significant increases in FVC, FEV1 
and PEF.   

2. Use of mechanical insufflation/exsufflation is 
shown to be an effective adjunct to manual chest 
therapy techniques, since it makes it possible to 
achieve adequate bronco-pulmonary clearance.		

Butler et al. 
2011; 

Australia 
Pre-post 
N= 11 

 

Population: N=11 people with SCI (8M 3F); 
mean(SD) age 45(5); YPI 9.2(4.1); SCI at or above 
T6 
Treatment: Bilateral posterolateral surface 
electrical stimulation of abdominal expiratory 
muscles at 50Hz, abdominal binder  
Outcome Measures:  Measures of lung function 
(IC, VC, FBC, FEV1) gastric pressure (Pga), 
esophageal pressure (Pes) 

1. Abdominal stimulation increased Pga and Pes 
during voluntary efforts and during coughing 

2. During cough, stimulation significantly increased 
PEFR by 36(SD 5)%, mean expiratory flow by 
80(8)%, expired lung volume by 41(16)% and 
FEV1 by 39(12)%. 

3. Wearing an abdominal binder increased IC by 
17% and VC by 14%. 

4. No additional improvement to any respiratory 
measures during cough with addition of binder to 
stimulation were found 

Crew et al. 
2010; 
USA 

Case series 
N=40 

 

Population: 40 patients with tetraplegia; 33 AIS A 
or AIS B; 14 acute SCI (mean (SD) age 50.3(11.2), 
YPI 2.3(1.7)) and 26 chronic SCI (58.3(12.9), YPI 
22.5(15.1)) 
Treatment: Mechanical insufflation-exsufflation 
(MIE) device for outpatient use 
Outcome Measures: Medical record review 
(respiratory hospitalization rates/cause)  

1. There was a non-significant reduction of 
respiratory hospitalization rates/year.  

2. There was one instance of pulmonary embolus 
hospitalization post-MIE 

3. Non-smokers averaged 0.14(0.16) respiratory 
hospitalizations/year, significantly different from 
smokers (0.41(0.36)). Post-MIE, smokers 
respiratory hospitalizations/year decreased 
significantly to 0.19(0.32).	 

DiMarco et 
al 2009; 

USA 
Post-test 

N = 9 

Population: 9 SCI patients (age range 23-52 yrs) 
Treatment: Lower thoracic spinal cord stimulation 
(SCS) at T9, T11, and L1 levels 
Outcome Measures: Peak airflow and airway 
pressure generation 

1. Supramaximal SCS resulted in high peak airflow 
rates  (ranging from 5.8 to 8.6L/s) and large 
airway pressure (ranging from120 to 144 cm 
H2O) during stimulation at each electrode lead 

2. Maximum airflow rates and airway pressure were 
achieved with combined stimulation of any two 
leads 

3. At TLC, mean(SD) PEFR and airway pressure 
generation were 8.6(1.8) L/s and 137(30)cm H2O 

Gollee et al. 
2008; 

UK 
Pre-Post 

N = 4 

Population: 4people with tetraplegia (ages 16, 37, 
45, and 49, level of injury C4-C6) 
Treatment: Surface functional electrical stimulation 
(FES) of abdominal wall muscles 
Outcome Measures: Spirometry, end-tidal CO2 
(EtCO2) 

1. Significant increase in tidal volume during quiet 
breathing (range 0.05-0.23 L) 

2. Significant increase in cough peak flow (range 
0.04 – 0.47 L/s) 

3. Respiratory rate during quiet breathing decreased 
in all participants when stimulated 

4. Minute ventilation increased by 1.05-2.07 L/min 
5. No significant changes in EtCO2 
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Author 
Year; 

Country  
Score  

Research 
Design 
Total 

Sample 
Size 

Methods Outcome 

Kang et al. 
2006; 
Korea 

Prospective 
Controlled 

Trial 
N=40 

 

Population: 40 traumatic cervical SCI 
Treatment: Compared four types of cough. 
unassisted peak cough flow inspiratory assist 
cough flow abdominal thrust cough flow inspiratory 
assist & abdominal thrust cough flow. 
Outcome Measures: Spirometry, Maximum 
Inspiratory Pressure (MIP), Maximum Expiratory 
Pressure (MEP).  

1. MIP more so than MEP showed stronger 
relationships with peak exp flow during cough 
maneuvers.  

2. All three assisted techniques (2,3 & 4) showed 
higher PEFRs.  The combined assist (4) showed 
significantly higher values than the inspiratory or 
abdominal thrust assist.	

Estenne et 
al. 2000; 
Belgium 
Pre-post 

N=16 

Population: 16 participants: (8 SCI, 8 non-SCI 
matched for age, sex, height and weight controls), 
all 8 SCI participants had complete tetraplegia, C4-
C7, mean(SD) age SCI: 39(3.1) yrs; controls: 
38(1.8) yrs 
Treatment: Magnetic stimulation of abdominal 
muscles. 
Outcome Measures: Gastric pressure. 

1. Maximal stimulation increased gastric pressure to 
76.0(11.7) in controls and 29.9(3.7) cmH2O in 
SCI participants.  

2. The cumulative thickness of the four abdominal 
muscles was 34% smaller in the people with SCI 
than in control participants and correlated 
positively with changes in gastric pressure 
induced by stimulation. 

Garstang et 
al. 2000;  

USA 
Pre-post 

N=18 

Population: 18 SCI patients (C1-T3), 88% were C5 
or higher 
Methods: Surveyed preference for:  suctioning or 
maximal in/exsufflation (MI-E). 
Outcome Measures: Not Specified. 

1. MI-E was less irritating, less painful, less tiring, 
less uncomfortable.  All were clinically significant 
changes (except less tiring).  

2. 16 of 18 patients preferred MI-E and one 
preferred suctioning; 1 patient had no preference. 

3. When surveyed, average time from MI-E was 146 
days and from suctioning was 253 days. 

Linder 1993; 
USA 

Prospective 
Controlled 

Trial 
N=11 

Population: 11 people with complete SCI (C4 and 
below), mean(SD) age: group 1 = 38(11.4) years, 
group 2 = 36.7(7.2) yrs, average time since injury: 
group 1 = 12.3, group 2= 18years 
Treatment: Group 1: assisted coughing by: 1) 
manual assist; or 2) functional electrical stimulation 
(FES). Group 2: assisted coughing by a portable 
abdominal binder incorporating electrodes. 
Outcome Measures: Maximum Expiratory 
Pressure (MEP). 

1. In group 1, the MEP significantly increased with 
FES (mean difference in MEP between 
spontaneous and FES assisted cough was 33.3 
cm H2O. 

2. In group 2, the portable FES device increased 
MED from 32.3 to 58 cm H2O, when compared to 
spontaneous cough. 

  

Discussion 
Respiratory complications are a primary cause of morbidity and mortality in this population. Though 
some studies have examined the effectiveness of secretion removal techniques in people with SCI, 
there are still some discrepancies in how standard pulmonary function is measured (Kang et al. 2006).  
Limited evidence supports the postulate that improving inspiratory muscle strength (Kang et al. 2006) 
in addition to expiratory muscle force (Estenne et al. 2000) are important to maximize expiratory flows 
during cough. IMT (Van Houtte et al. 2008), electrical stimulation of the expiratory muscles (Linder 
1993; Estenne et al. 2000; DiMarco et al. 2009, Butler 2011), and mechanical insufflation/exsufflation 
(the application of positive pressure to the airway, then shifting to negative pressure to produce an 
expiratory flow simulating a cough) as an adjunct to manual respiratory kinesitherapy (Pillastrini et al. 
2005) are three potential therapies that can maximize the force produced by the inspiratory and 
expiratory muscles, respectively, in order to increase expiratory flows during cough. With the 



 

54 

exception of the small RCT assessing the latter (Pillastrini et al. 2005), RCTs examining the 
effectiveness of airway clearance techniques in people after SCI are lacking. RMT (Van Houtte et al. 
2008) and mechanical insufflation-exsufflation (Crew et al. 2010) has been shown to decrease 
infections and tended to decrease respiratory hospitalizations per year, respectively. 
 
Other issues that require further study in SCI is to examine the effectiveness of hand-held devices that 
facilitate airway clearance, such as those that apply continuous (PeripepÒ) or oscillating positive 
expiratory pressure (Flutter).  Of equal concern is to evaluate the comfort and preference of airway 
clearance techniques that are readily adhered to and performed by people with SCI.  Some evidence 
supports the effectiveness of these positive expiratory pressure devices and other secretion removal 
techniques such as autogenic drainage in people with cystic fibrosis and other chronic respiratory 
diseases; however, the evidence to date is somewhat equivocal (Hess 2001; Reid & Chung 2004).  
 
 
 
Gap: SCI Evidence on the use of LVR (Lung volume Recruitment) and Assisted Cough 
for Secretion management. 

Source of evidence: We found 1 study using LVR for people with SCI (see above Molgat-
Seon et al. 2017). However, there is a large body of evidence from other populations with 
neurological respiratory impairment and cough impairment, predominantly Duchennes 
Muscular Dystrophy, Amyotrophic Lateral Sclerosis and Multiple Sclerosis.  
There are a variety of LVR techniques possible: using a LVR resuscitation bag, using a 
Mechanical Insuffalator/Exsuffalator machine (MIE) or using the Ventilator for individuals 
already using one.  
 
Recognizing risk of impaired secretion clearance: Patients with SCI commonly develop 
restrictive lung disorders as a result of their decreased respiratory muscle strength, reduced 
vital capacity, ineffective cough and reduced lung and chest wall compliance.  These acute and 
chronic chest changes place individuals with SCI at risk for cardiorespiratory complications 
such as atelectasis, secretion retention and recurrent chest infections.  Mechanical in-
exsufflation (e.g., cough assist machines), lung volume augmentation techniques (e.g., breath-
stacking) and manual assisted cough techniques are recommended as best practice for 
managing acute and chronic cardiorespiratory conditions in people with SCI. Individuals with a 
Peak cough flow of less than 270 L/min are at risk for secretion retention and need manual or 
mechanical assistance to avoid serious complications or health risks.  
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Management 
Assisted cough: this is a manual technique used to increase expiratory pressure. It is used to 
compensate for the decreased intra-abdominal pressure that can be present with certain levels 
of SCI. Pressure is applied in the direction of the costal and abdominal areas during expiration. 
It can be done in lying or sitting PRN depending on need. Appropriate communication and 
timing is required to ensure that the manual thrust is done just at or prior to expiration. There 
are some precautions and contraindications mostly related to abdominal trauma, fractures etc. 
LVR: is also called ‘breathstacking’. It is a technique used to compensate for the decrease in 
inspiratory volume and to achieve maximum insufflation capacity (maximum volume of air that 
can be held in lungs with glottis closed). To perform this technique a LVR kit is used. It consists 
of a resuscitation bag and a one way valve and flex tube with a mouth piece. Breaths are then 
“stacked” (taken one after another) to fully inflate the lungs. There may be some tightness or 
feeling of stretch. An assisted cough can be done at the time of maximum inflation to assist 
with secretion clearance and increase peak cough flow. Although this is recommended for 
secretion clearance during times of congestion it is also recommended as a daily treatment to 
maintain chest mobility and chest hygiene. 
 
 
 
 

 
 
 
 

 

Conclusion 
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Secretion removal techniques are common practice in people with spinal cord injury and yet 
there is predominantly only level 4 evidence to support the use of some airway clearance 
techniques to facilitate secretion removal in this population.  There is level 2 evidence (based 
on 2 RCTs; Pillastrini et al. 2005; Jeong and Yoo, 2015) in support of mechanical 
insufflation/exsufflation coupled with manual chest therapy kinesitherapy techniques. 

There is no evidence in support of one airway clearance technique over another, and there are 
no criteria available to indicate when to implement the various airway clearance techniques.  
There is a need to determine the most efficient and effective techniques that are comfortable 
and readily adhered to for people with SCI in order facilitate airway clearance, to improve their 
quality of life, and decrease health care costs. 
 

 
 
11.0 Electrical Stimulation 

11.1 Phrenic Nerve and Diaphragmatic Stimulation  

Electrical stimulation options for the restoration of inspiratory muscle function in people with spinal 
cord injuries include bilateral phrenic nerve pacing, bilateral diaphragmatic pacing and combined 
intercostal muscle stimulation with unilateral phrenic pacing (Di Marco 2005). 
 
Intact phrenic nerves are required for successful stimulation. Phrenic nerve function is generally 
assessed through phrenic nerve conduction studies and fluoroscopic observation of diaphragmatic 
movement with phrenic nerve stimulation. People with injuries at C3, C4 and C5 may have 
compromised diaphragmatic function, but are unlikely to be candidates for pacing due to inadequate 
phrenic nerve function.  
 
Bilateral phrenic nerve stimulation was first reported by Glenn and colleagues in the 1970s.  The 
original surgery involved a thoracotomy and inpatient hospital stay to place the electrodes on the 
phrenic nerves in the neck or thorax. Potential risks included direct injury to the phrenic nerves during 
surgery. The original protocols applied intermittent high frequency stimulation to the diaphragms in an 
alternating pattern, but were revised to a continuous lower frequency stimulation to decrease 
diaphragmatic fatigue (Glenn et al. 1984; Elefteriades el al. 2002). 
 
In recent years, the laparoscopic placement of intramuscular diaphragmatic electrodes has eliminated 
the need for more extensive thoracotomy surgery and associated hospital stays. The approach has 
also decreased the risk of phrenic nerve injury (DiMarco et al. 2005a). The electrodes are placed 
laparoscopically as a day surgery procedure with optimum placement of the electrodes being mapped 
to the phrenic nerve motor point (Onders el al. 2004). 
 
Most patients with diaphragmatic pacemakers continue to have tracheostomies and mechanical 
ventilators as a back-up to their pacemakers. It is important to note that diaphragmatic pacemakers 
only improve inspiratory function and do not target expiratory functions such as coughing and clearing 
secretions. Given the small number of controlled trials and large number of pre-post trials, the full data 

There is limited evidence that suggests that improving inspiratory and expiratory muscle force is 
important to maximize expiratory flow during cough. 

Cough effectiveness can be enhanced by a variety of methods including manual assistance by a 
caregiver, respiratory muscle training, and/or electrical stimulation triggered by the person with 

SCI. 

Hand-held expiratory pressure devices may enhance secretion removal in people with SCI. 
 



 

57 

extraction and scoring are only shown for the controlled trials with a briefer summary of the level 4 
evidence. 

 

Table 19: Phrenic Nerve Stimulation – Controlled Trials 

Author Year; 
Country  
Score  

Research Design 
Total Sample 

Size 

Methods Outcome 

Hirschfeld et al. 
2008; 

Germany 
Cohort 
N = 37 

Population: 64 SCI participants who were 
primarily mechanically ventilated through 
tracheostomy; 32 were treated with PNS and 
32 were treated with MV over 20 years 
Treatment: MV or PNS 
Outcome Measures: Incidence of RI 

1. Incidence of respiratory infection (RI) was equal 
during 120 days prior to use of final device (1.43 
in PNS group and 1.33 in MV group) whereas 
after PNS, the incidence of RI was 0 compared to 
0.14 for MV group. 

2. Two versus 0 returned to work and 9 versus 2 
returned to school on PNS compared to MV 
group, respectively.	

Esclarin et al. 
1994; 
Spain 

Case Control 
N=22 

Population: 22 participants with either: 
diaphragmatic pacemaker (DP) (n=9) or 
mechanical ventilator (MV) (n=13); mean 
(SD) age: 10.6(2.5) years (DP group) and 
35(5.5) years (MV group); Injury level: C1 
(n=10), C2 (n=9) or C3 (n=3). 
Treatment: Diaphragmatic pacemaker or 
mechanical ventilation. Retrospective study 
with follow up information from last clinical 
examination or by a telephone call.  
Outcome measures: Respiratory 
complications (atelectasis and pneumonia); 
functional status (ability to remain seated at 
50-90º, skill to drive electric wheelchair, use 
of phonetic language); satisfaction with 
treatment; cost of maintenance materials; 
cause of death.  

1. Respiratory problems: DP group produced less 
bronchial secretions; type of organisms found 
similar for both groups. 

2. No significant differences between groups with 
respect to functional status. 

3. Satisfaction with treatment significantly better for 
the DP group. 

4. Mean yearly cost of materials higher for MV 
group. 

5. Deaths: 4 deaths in DP group: pneumonia (n=2), 
cardiogenic shock (n=1), unknown (n=1). 1 death 
in MV group, presumably due to inappropriate 
home care.		

Carter 1993; 
USA 

Case Control 
N=42 

 

Population: 42 participants: PNS (13M 10F) 
and MV dependent group MV (17M 2F). 
Age: (PNS group only) 4-54 years.  
Treatment: Retrospective review of PNS 
implants and 24 hour/day MV 
Outcome measures: Survival status. 

1. PNS group: average time from onset to 
implantation was 14.4 (still alive) and 14.8 (died) 
months; average time from surgical implant to 
death was 47.7 months. 

2. Mechanical ventilation group: survived an 
average of 96 months. 

3. 61% survival status with PNS and 37% with MV 

Carter et al. 1987; 
USA 

Case Control 
N=37 

(some of same 
participants as 
Carter 1993) 

 

Population: 37 participants: PNS (9M 9F) 
and MV (17M 2F). 
 Treatment: Retrospective review of PNS 
implants and 24 hour/day MV 
Outcome measures: Survival status. 

1. PNS group: 6/18 (32%) had died; MV: 7/19 (39%) 
had died. 

2. Onset of injury to death in MV was 3 times earlier 
than that of PNS group.				

Table 20: Phrenic Nerve Stimulation – Level 4 Evidence 

Author Participants Intervention Outcomes Complications 

DiMarco et al., 10 individuals Implanted 1. Significantly greater 1. Seven of the 10 participants 
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Author Participants Intervention Outcomes Complications 

2014 
Netherlands 

Pre-Post 
N=10 

 

with complete 
SCI (8M, 2F). 
Users of spinal 
cord 
stimulation 
device for >= 2 
years 
Mean (SD) 
age:  35.6 
(13.4) years 
Median (SD) 
DOI: 8.7 (3.5) 
years 

spinal cord 
stimulation 
device 
 

Maximum expiratory pressure 
(MEP) during SCS at 1 year 
and 4.6 (mean) year follow-
up, compared to pre-implant 
2. Significantly lower 
frequency of suctioning / 
assisted cough (S/AC) and 
severity of S/AC episodes at 1 
year and 4.6 (mean) year 
follow-up, compared to pre-
implant 
3. Significantly less difficulty 
and greater ease in raising 
sputum at 1 year and 4.6 
(mean) year follow-up, 
compared to pre-implant.  

continue 
to experience mild leg jerks with 
stimulation, but 
these are painless and do not 
interfere with use of the 
device. 

Kaufman et al. 
2015 

N=14 
ventilated SCI 
patients with 
phrenic nerve 
lesions; 11M, 
3F; Median 
(range) age: 27 
(10-66) 

Diaphragmatic 
pacemaker 
implantation 
and bilateral 
nerve transfer 
 

13 patients showed 
diaphragm reinnervation; 8 
patients achieved >1 h/day 
ventilator weaning; 2 patients 
recovered voluntary 
diaphragm control and 
spontaneous respiration 
without pacemaker 

No intraoperative complications; 1 
patient developed bilateral pleural 
effusions; 3 patients required 
revision surgery for replacement ore 
repositioning of receiver. 
After final data collection, 1 patient 
expired due to cardiac arrest, 1 
patient stopped pacing. 

Posluszny et 
al. 2013 

N=29 (27M, 
2F); of which 
N=7 were non-
stimulatable 
(7M); mean 
(range) age: 
31.4 (17-65) 

Diaphragm 
pacer 
implantation 

16/22 completely weaned 
within a mean of 10.2 days, 
18/22 within 180 days.  
3/22 partially weaned. 
(mixture of mech. ventilation 
and pacer) 
8/22 complete recovery of 
respiration and pacer removal. 

1 patient successfully implanted but 
had life-prolonging measures 
withdrawn.  

Hirschfeld et 
al. 2013  
 

n=35 (26M, 
9F); 
age at 
implantation 
28 (19) 2–71 
yrs  
 

Phrenic Nerve 
Stimulation 

27 patients (77%) had stable 
threshold current over an 
average of 6.3yrs. 
 

Eight of 35 had threshold currents 
that exceeded 1mA, which might be 
suggestive of surgical trauma, 
infection, or reaction to foreign body. 

Tedde et al. 
2012 

n=5 (3F, 2M), 
participants 
with C-SCI; 
ages 16-40yrs; 
Level: C2C3 to 
C4C5 

Implantation of 
a laparoscopic 
diaphragmatic 
pacing 
stimulation 
(DPS) 

The diaphragmatic pacemaker 
placement was successful in 
all of the patients. After 6 mos, 
3 used DPS for 24 hrs, 1 used 
DPS for up to 6 hrs 
complemented by mechanical 
ventilation and 1 discontinued 
DPS. 

Two patients presented with 
capnothorax during the perioperative 
period, which resolved without 
consequences.  
 
Diaphragmatic stimulation was 
discontinued in one patient after 
onset of uncontrolled neuropathic 
pain. 

Alshekhlee et 
al. 2008 

n = 26, chronic 
tetraplegia C1-
C4 (25 
traumatic, 1 
non-traumatic) 

Diaphragm 
pacing system 

25/26 were able to pace off 
the ventilator for more than 4 
hours per day.  

One patient experienced severe 
muscle cramping and could not 
achieve conditioning. 

DiMarco et al. 
2005a 

n = 5, ventilator 
-dependent 
tetraplegia 

Laparascopic 
placement of 
intramuscular 

4/5 achieved substantial 
inspired volumes and were 
maintained without 

1/5 developed pneumothorax.1/4 
developed shoulder pain during 
maximum stimulation, and another 
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Author Participants Intervention Outcomes Complications 

diaphragm 
electrodes 

mechanical ventilatory support 
for prolonged time periods. 
1/5 had no response to 
stimulation 

had intermittent aspiration of food 
during meals. 

DiMarco et al. 
2005b 

n = 4, ventilator 
-dependent 
tetraplegia with 
unilateral 
phrenic nerve 
function 

Inspiratory 
intercostal 
muscle 
stimulation 
combined with 
phrenic nerve 
(thoracic) 
stimulation 

4/4 achieved inspired volumes 
such that they could be 
maintained off mechanical 
ventilation between 16 and 24 
hours a day. 

Stimulation of the upper thoracic 
region was associated with mild 
flexion of the hand and upper trunk 
musculature. 1/4 participants 
developed symptoms of autonomic 
dysreflexia with stimulation, 1/4 
developed shoulder pain, while 
another developed an infection at the 
receiver site. 

Onders et al. 
2004 

n = 28 
(mapping 
group) 
n = 6 
tetraplegia 
implantation 
group) 

Mapping the 
phrenic nerve 
motor point via 
electrical 
stimulation, 
and 
laparaoscopic 
diaphragm 
pacing  

The phrenic nerve motor point 
was found in 23/28 
participants. 
5/6 had successful 
implantation, with three 
completely free of the 
ventilator and 2 progressively 
increasing their time off the 
ventilator.  

One patient had asymptomatic small 
pneumothorax, and another had a 
wound infection. 

Elefteriades et 
al. 2002 

n = 12, C1/2 - 
C2 tetraplegia 

Bilateral 
phrenic nerve 
stimulation and 
diaphragm 
conditioning 

Long-term follow up 
outcomes. 6/12 paced full-
time (mean 14.8 years) 
1/12 paced full-time for 6.5 
years before lapsing to part 
time 
3/12 paced for an average of 
1.8 years before stopping 
2/12 were deceased: 1 paced 
for 10 years. 

Patients who stopped pacing full-
time did so due to inadequate 
financial or social support, or 
because they were institutionalized. 

Krieger et al. 
2000 

n = 6, C3-C5 
tetraplegia 

Intercostal to 
phrenic nerve 
transfer; 
phrenic nerve 
stimulation 

5/6 cases have had longer 
than 3 months for axonal 
regeneration. 
5/5 regained diaphragmatic 
motion with phrenic 
stimulation. 

None reported 

Mayr et al. 
1993 

n = 15, C0 – 
C2/3 
tetraplegia 

Phrenic nerve 
(thoracic) 
stimulation via 
a fully 
implantable 
device  

11/15 achieved chronic pacing 
(auxiliary breathing range 1 – 
3 hours) 
1/15 still depends on 
mechanical ventilation 
3/15 were in post-operative 
conditioning 

Broken electrodes  

Baer et al. 
1990 

n = 9 with 7 
SCI  C2-
tetraplegia 
 

Bipolar and 
four-pole 
phrenic nerve 
stimulation 

5/7 SCI no longer required a 
mechanical ventilator.   
3/7 died (felt to be unrelated 
to stimulators) 

Reoperations were common (7/9)  
due to technical failure and 
receiver/implant dislocations 

Miller et al. 
1990 

n = 23, C1 – 
C5 tetraplegia 

Phrenic nerve 
(neck and 
thorax) 
stimulation 

8/23 achieved full time pacing 
9/23 required mechanical 
ventilation at night 
3/23 moderately improved 
condition 
3/23 showed no response 

3/23 diaphragm failed to pace at time 
of surgical exploration 
3/23 developed pneumonia but 
cleared in all of them.  
There were three instances of 
equipment failure 
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Nakajima and 
Sharkey 1990 

n = 15, C1-C3, 
brainstem 
tetraplegia 

Phrenic nerve 
(14 – neck, 1 – 
thorax) 
stimulation 

11/15 achieved full time 
pacing 
2/15 achieved half-time 
pacing 
2/15 showed no response 

Of the two that failed to experience 
benefits: one developed perineural 
fibrosis around the phrenic nerve 
thereby inhibiting stimulation, and 
the other (a four year old child) 
showed loss of nerve viability. 

Sharkey et al. 
1989 

n = 15, high 
cervical 
tetraplegia 

Phrenic nerve 
(14/15 neck 
and 1/15 
thoracic) 
stimulation 

13/15 achieved full time 
pacing (including 1 who at the 
time of follow up did so for 16 
years). 
2/15 achieved half-time 
pacing. 

Equipment failures, in one case, 
fibrosis around the electrode resulted 
in failure to stimulate the nerve, in 
another case, infection required the 
removal of the system.  

Glenn et al. 
1984 

n = 5, 4 high 
cervical 
tetraplegia, 1 
cord infarction 

Phrenic nerve 
(thoracic) 
stimulation; 
uninterrupted 
simultaneous 
pacing of both 
hemidiaphragm
s, using low 
frequency 
stimulation 

5/5 achieved full time pacing In one 7-year old patient, ventilatory 
requirements were not always fully 
met through continuous pacing, as 
evidenced by mild hypercapnia and 
hypoxemia. 

Oakes et al. 
1980 

n = 11, 10 high 
cervical 
tetraplegia 

Phrenic nerve 
stimulation 

3/11 achieved full time pacing 
6/11 achieved part time 
pacing 
2/11 had no benefit 
 

Malfunctioning and nonfunctioning 
devices, pain, pneumothorax. 

Glenn et al. 
1976 

n = 37, C1-C5 
tetraplegia 

Phrenic nerve 
stimulation 

13/37 paced full-time 
10/37 paced half-time 
14/37 could not be paced 
≥50% of the time. 

Injuries to the phrenic nerves, 
malfunctioning pacemakers, 
infection, pain in neck due to 
stimulation, pain in chest and 
abdomen. 

Discussion 
Recent studies show higher success rates with long-term implantation (DiMarco et al. 2014; Hirschfeld 
et al. 2013); 77% of patients had stable threshold currents for an average of 6.3 yr.  An earlier report 
by the same first author (Hirschfeld et al. 2008) prospectively compared people receiving phrenic 
nerve stimulation and those receiving mechanical ventilation. Although they show decreased rates of 
respiratory infections and increased social participation in the phrenic nerve stimulation group, they 
acknowledge that the mechanical ventilation group is not a comparable group as these participants 
were not usually candidates for phrenic nerve stimulation. 
 
A retrospective case control study suggests a higher survival rate in a phrenic nerve paced group 
compared to a mechanically ventilated group (Carter 1993). The prospective study by Hirschfeld et al. 
(2008) shows no difference in duration of life between the phrenic nerve paced group and 
mechanically ventilated group. 
 
Hirschfeld et al. (2008) comment on decreased costs of care, improved quality of speech and higher 
rates of social participation in the phrenic nerve group. The increased rates of return to work and 
school may have been influenced by the lower ages seen in the phrenic nerve group.  In another 
retrospective case control study, Esclarin et al. (1994) reports higher rates of power wheelchair 
management, phonation success, patient satisfaction and hospital discharge in paced participants 
compared to mechanically ventilated participants. A basic cost analysis in that study suggested 
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increased costs of 50 hours per year for ventilatory management in the mechanically ventilated group 
(Esclarin et al. 1994). However, the small numbers, the difficulty in comparing baseline statistics in the 
two groups, the potential for selection bias in the participants receiving pacemakers and the overall 
high rate of death in the high lesion spinal cord injury population make this data very difficult to 
interpret. Prospective comparison studies looking at morbidity, mortality, quality of life and costs 
related to phrenic and diaphragmatic pacing are lacking. 
 
Several different devices for phrenic nerve pacing have been developed. Many of the reported studies 
are level 4 case series or pre-post study designs looking at the feasibility of phrenic nerve stimulation 
devices. Reported benefits to participants include improved sense of smell, mobility, quality of speech 
and overall sense of well-being (DiMarco et al. 2005b). Long-term partial or total independence from 
mechanical ventilation can generally be interpreted as a successful intervention with these devices.  
 
There are several small level 4 studies to show that bilateral phrenic nerve pacing and bilateral 
diaphragmatic pacing can be used successfully for the ventilation of people with SCI (Kaufman et al. 
2015, Posluszny et al 2013, Baer et al. 1990, DiMarco et al. 2005a, Elefeteriades et al. 2002, Glenn et 
al. 1976, Sharkey et al. 1990, Mayr et al. 1993, Oakes et al. 1980, Miller et al. 1990, Nakajima and 
Sharkey 1990, Onders et al. 2004).  More recent studies have included large sample sizes including 
the study by Alshekhlee et al (2008) (n = 26).  
 
For people without intact bilateral phrenic nerves, there is one small level 4 study to show that 
unilateral phrenic pacing in combination with intercostals stimulation can be used successfully for the 
ventilation of people with SCI with only one intact phrenic nerve (DiMarco et al. 2005b). In addition, 
there is one small level 4 study reporting on successful phrenic nerve stimulation following intercostal 
nerve to phrenic nerve transfer in a case series of 6 people with C3-C5 injuries (Krieger and Krieger 
2000). There is level 4 evidence to show that intercostal muscle pacing via upper thoracic ventral root 
stimulation alone has not succeeded in supporting ventilation for prolonged periods (DiMarco et al. 
1994). 
 
There are high complication rates reported with these devices. Many of these are likely due to the 
learning curve involved in successful subject selection, surgical technique development and the 
“prototype” or single unit design of the devices themselves with a higher inherent risk of technical 
failure (Baer et al. 1990). There is at least one case report of the successful off label use of a spinal 
cord stimulator (rather than a purpose built phrenic nerve stimulator) being used to stimulate the 
phrenic nerves in people with SCI (Taira et al. 2007). 
 
Potential complications of phrenic pacing include wires breaking, wires or receivers becoming 
displaced, devices failing, aspiration of food during inspiration, shoulder or abdominal pain and 
infections (Baer et al. 1990, DiMarco et al. 2005a, 2005b). With the laparoscopic approach for 
diaphragm pacing, people may develop pneumothoraces or subcutaneous emphysema (DiMarco et 
al. 2005a). 
 
 

Conclusion 
There is level 3 evidence (from 1 case control study) (Carter 1993) that suggests a higher 
survival rate in a phrenic nerve paced group compared to a mechanically ventilated group. 
 
There is level 3 evidence (from 1 case control study) (Esclarin et al. 1994) that suggests better 
power wheelchair management, phonation success, patient satisfaction and hospital discharge 
in phrenic paced participants compared to mechanically ventilated participants. 
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There is level 4 evidence (from 10 pre-post studies) (see Table 19) that phrenic nerve 
stimulation can be used as a long-term alternative to mechanical ventilation for people with 
injuries at C2 or above. 
 
There is level 4 evidence from (1 pre-post study) (Alshekhlee et al. 2008) that diaphragm pacing 
system (DPS) can help cervical SCI patients breathe without a mechanical ventilator. 
 
There is level 4 evidence (Tedde et al. 2012; DiMarco et al. 2005a; Onders et al. 2004) that 
diaphragmatic stimulation via laparoscopic placement of electrodes can be used as a long-
term alternative to mechanical ventilation for people with high cervical spinal cord injuries. 
 
There is level 4 evidence from 1 study (DiMarco el al. 2005b) that unilateral phrenic stimulation, 
in combination with intercostals stimulation, can be used as an alternative to mechanical 
ventilation for people with a single intact phrenic nerve.  
 
There is level 4 evidence from 1 study (DiMarco et al. 1994) to show that intercostal muscle 
pacing via upper thoracic ventral root stimulation cannot be used as a long-term alternative to 
mechanical ventilation (DiMarco et al. 1994). 
 

 
 
11.2 Abdominal Neuromuscular Electrical Stimulation 

Abdominal neuromuscular electrical stimulation can be used in conjunction with voluntary efforts 
(depending on the level of SCI) to improve forced expiratory maneuvers including cough. 

 

Table 21: Abdominal Neuromuscular Electrical Stimulation 

Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

McCaughey et al., 2015 
United States 

Cohort 
N=10 

Population: N=10* ventilator-dependent 
tetraplegic SCI patients (8M, 2F) & N=9 
retrospectively matched control patients 
(8M, 1F) 
Mean (SD) age**: 48.2 (18.0) years  
Median (SD) DOI**: 22.2 (12.0) years 
*1 male excluded in analysis 
**Applicable to intervention group only 
Treatment: 
Abdominal functional electrical stimulation 
(AFES) 
Outcome Measures: VT, VC, time to 
ventilation weaning 

1. Significantly greater VT in AFES 
group compared to control group in 1 
of 9 sessions, but not significant 
longitudinally 

2. Significantly greater VC in final 2 
sessions (AFES) or 3 sessions 
(control), compared to respective first 
session; no significant between-group 
difference.  

3. No significant difference between 
groups in change of VT and VC per 
week.  

4. No significant between group 
difference in time to wean.  

McBain et al., 2015 Population: N=7 SCI patients (7M 0F) 1. Significant increase in mean Pga, 

There is some evidence that suggests a higher survival rate, as well as better power 
wheelchair management, phonation success, and patient satisfaction in phrenic paced 

participants compared to mechanically ventilated participants. 

Phrenic nerve or diaphragmatic stimulation may be used as a long-term alternative to 
mechanical ventilation for people with injuries at C2 or above. 
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Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

Australia 
Pre-Post 

N=7 

Mean (SEM) age:  56(4) 
Mean (SEM) DOI: 18(7.5) years 
All with motor impairments above C7 
Treatment: Abdominal muscle electrical 
stimulation 
Outcome Measures: Gastric (Pga) and 
esophageal (Pes) pressure, PEFR during 
cough (PEFcough) 

Pes, PEFcough and total expiratory 
volumes from near TLC and 
expiratory volume below FRC  during 
stimulated cough.  

2. Significantly greater increase in Pga, 
Pes, PEFcough and total expiratory 
volumes from near TLC with 
increasing stimulus intensity.   

3. Pga & Pes did not plateau except in 1 
patient at intensity of 400mA.  

4. PEFcough plateaued in all patients at 
a mean(SD) intensity of 211(29)mA 
and expiratory volume of 4.0(0.4)L.  

McBain et al. 2013; 
Australia 

Randomized crossover design  
N=15 

PEDro =5  
 

Population: N=15 males with SCI (C4-
T5); mean (SD) age: 45(4); DOI: 11.9(4.3) 
yrs.  
Treatment: All participants trained for 6 
weeks, 5 days per week (5 sets of 10 
coughs per day). Participants coughed 
voluntarily at the same time as a train of 
electrical stimulation was delivered over 
the abdominal muscles via posterolaterally 
positioned electrodes (50Hz, 3s).  
Outcome measures: Pes and Pga 
expiratory pressures, peak expiratory flow 
(PEFcough) produced before, during, and 
after the training. 

1. During voluntary coughs, FES cough 
stimulation improved Pga, Pes, and 
Pescough acutely, 20-fold, 4-fold, 
and 50%, respectively. 

2. Six weeks of cough training caused 
further improvements.  It significantly 
increased Pga (SD) from 37.1(2.0) to 
46.5(2.9)cmH2O, Pes from 35.4(2.7) 
to 48.1(2.9)cm H2O, and PEFcough 
from 3.1(0.1) to 3.6(0.1) L/s. 

3. Cough training also improved 
pressures and flow during voluntary 
unstimulated coughs. 

 

McLachlan et al. 2013; 
UK 

Longitudinal study 
N=12 

Population: N=12 participants with 
tetraplegia (11M;1F); median age: 31 yrs 
(range: 18-73); 7 AIS A, 5 AIS C; median 
DOI: 5 months (range: 2-94). 
Treatment: 3 weeks of abdominal muscle 
conditioning using transcutaneous 
abdominal functional electrical stimulation 
(AFES). 
Outcome measures: FVC, FEV1, PEFR , 
MEP 

1. Mean (SD) FVC increased by 
0.36(0.23) L during training. 

2. No significant changes were found in 
mean FEV1 and PEF. 

3. No significant change was found in 
the outcome measures during a 1-
week pre-training control phase and 
during a 3-week post-training phase. 

 

Hascakova-Bartova et al. 2008; 
Belgium 

Prospective controlled trial 
N = 10 

 

Population: 10 SCI participants, age 
range 23 – 71 years; 9M 1F, lesion level 
T10 – C5; 6 with AIS-A, 4 with AIS-B or C.  
Treatment: 4 participants were assigned 
to abdominal neuromuscular ES for 25 
minutes daily for 8 weeks. 3 participants 
receive placebo, and 3 had placebo 
followed by ES  
Outcome Measures: FVC  

1. ES significantly worsened FVC when 
measured during non-stimulation in 
the ES group. 

2. In the placebo controlled group there 
were no differences in FVC. 

3. In the placebo-followed by ES group, 
after ES all participants has worsened 
FVC. 

 

Spivak et al. 2007; 
Israel 

Pre-Post 
N=10 

Population: 10 male patients aged 22-60 
years with tetraplegia. AIS- A n=2; AIS B 
n=7l; AIS C n=1 
Treatment: Respiratory tests: 1) without 
assistance; 2) with manually assisted 
expiration; 3) FES-assisted expiration 
activated by a caregiver; 4) manually self-
activated FES-assisted expiration; and 5) 
FES-assisted expiration activated by EMG 
signals elicited from the patient’s own 

1. With unassisted breathing, PEF, FVC, 
MVV were 60% lower than that 
expected in people without SCI. 

2. Manual assistance significantly 
improved the mean PEF by 36.7%, 
and FVC by 15.4%. MVV improved 
but was not significant. 

3. FES did not significantly change the 
measurements, however, EMG-
activated FES significantly increased 



 

64 

Author Year; Country  
Score  

Research Design 
Total Sample Size 

Methods Outcome 

muscle.  
Outcome Measures: PEF, FVC, MVV. 

PEF and FVC by 15.8 and 18.9% 
respectively when compared to 
patient-activated FES.	

Discussion 
A recent RCT (McBain et al. 2013) showed that electrical stimulation delivered over abdominal 
muscles via posterolaterally positioned electrodes during cough improved abdominal and esophageal 
pressures during cough as well as the cough expiratory flow rate. With 6 weeks of cough training, 
these pressures showed even greater improvements. Cough training also improved pressures during 
unstimulated coughs.  
 
Less promising results have been shown by others (McLachlan et al. 2013; Hascakova-Bartova et al. 
2008) who also studied the effect of abdominal neuromuscular electrical stimulation (ES) on FVC.  
Smaller sample sizes, different methods, and shorter training periods may in part, explain their 
conflicting results.   

Conclusion 

There is level 2 evidence (McBain et al. 2013) that abdominal electrical stimulation during 
cough improved cough pressure. After cough training, pressure was improved in unstimulated 
voluntary cough. 
 
There is level 2 evidence (Hascakova-Bartova et al. 2008) that abdominal neuromuscular 
electrical stimulation (ES) decreases the FVC. 
 
There is level 4 evidence that (Spivak et al. 2007) EMG-activated FES significantly improves 
both PEF and FVC in tetraplegia patients, when compared to patient-activated FES. 
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