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Summary 

Acutely high level quadriplegics may experience neuromuscular respiratory insuf

ficiency secondary to loss of use of intercostal and abdominal muscles as well as 

partial involvement of the phrenic nerve. Frequently, these patients will require 

mechanical ventilation in the initial stages of their treatment. These patients may 

present difficulty with weaning off the ventilator. In addition, poor respiratory 

reserve increases the risk of episodic decompensation. We have instituted a progres

sive resistive exercise protocol (PRE) analogous to PRE commonly used in training 

skeletal muscle, to wean patients off the ventilator. This involves determining the 

patient's endurance to the development of fatigue while off the ventilator. Patients 

are re-evaluated weekly until they are weaned from the ventilator. Three case 

studies are reported in which this protocol was used. In addition to our standard 

respiratory therapy and physical therapy protocols, values for vital capacity and 

maximum inspiratory force at admission and post-weaning were recorded. After 

completion of the programme, none of the patients required re-intubation or sub

sequent mechanical ventilation. This method of diaphragm training may be useful in 

weaning high level quadriplegics from the ventilator. 

Introduction 

Respiratory complications are a major source of morbidity and mortality in the 
acute quadriplegic population, particularly high level quadriplegics (McMichan, 
1980). The majority of patients with intact diaphragm function (normal neur
ological function through C5) can be managed without mechanical ventilation 
or can be quickly weaned from the ventilator provided there is no premorbid 

history of respiratory disease. However, mechanical ventilation is often required 
secondary to loss of control of muscles used in respiration including abdominal 
muscles, intercostal muscles and in some cases partial or total loss of diaphrag
matic function. 

The diaphragm is the major muscle of respiration. Shaffer estimates that it is 
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responsible for 2/3 of respiration while a patient is sitting and 3/4 while the 
patient is supine (Shaffer, 1981). Intercostal muscles relieve the diaphragm in 
times of fatigue and aid with expansion of the rib cage. Accessory muscles of 
respiration, the scaleni, sternomastoids and the abdominal muscles, play a 
minimal role in normal respiration. The abdominal muscles aid forced expiration 
as well (Haas, 1979). 

We looked at a subset population of patients with partial diaphragmatic 
control, with C3/4 complete lesions. Past experience had shown that this was a 

more difficult population to wean from mechanical ventilation. We developed 
an exercise protocol analogous to the principles of progressive resistive exercises 
to train the partially innervated diaphragm in order to wean these patients from 
the ventilator. Three patients are presented in which this protocol was used. 
One of the patient's had been weaned without the protocol, however, re-intuba
tion was required and the patient was subsequently weaned. 

Patients 

Patients were examined and the neurological level determined using Frankel 
classification. Vital capacity (VC) and maximum inspiratory force (MIF) were 
measured and recorded at the time patients were entered into the study and 
when they were weaned from the ventilator. These measurements were also 
taken throughout the hospital course. VC was measured and recorded at dis
charge. Patients were evaluated off the ventilator to determine endurance to the 

development of fatigue (fatigue determined by a 20° 0 decrement of VC or 
MIF). This time was recorded and the patient was taken off the ventilator and 
placed on a T-tube for that length of time QID. Patients were closely monitored 
for respiratory distress by following the vital signs and checking the arterial 
blood gases. Patients were re-evaluated on a weekly basis and T -tube time was 
increased accordingly, usually by 15-20°0• As T-tube times became progres
sively longer, the number of sessions was decreased to TID and then BID, 
maintaining at least 2 hours recovery period. When the patient was tolerating 
two 10 hour sessions they were changed to one daily session with maximum 
T -tube time determined as before. This was subsequently increased until the 
patient was independent from the ventilator. 

In addition, patients were treated with aggressive respiratory therapy (Table I) 

and enrolled in breathing class held by physiotherapy once they were off the 
ventilator 1 hour per day. Class is 30 minutes per day and is standard for all 
patients in the spinal cord injury service (Table II). 

Case Report A 

A 22-year-old male involved in a motor vehicle accident on August 11, 1984, in 
which he sustained a rotatory fracture of C3 and C4 with a unilateral locked 
facet. This resulted in C3/4 incomplete or C3/4 Frankel B quadriplegia. Re

duction was achieved with traction. The patient developed pneumonia in the 
first week after injury, and was successfully treated with antibiotics. The patient 
was weaned from the ventilator initially with T -tube trials 1 hour long every 
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Table I Respiratory Therapy Protocol 

I. Intermittent Positive Pressure Breathing (IPPB) every 4 to 6 hours using bronchodilators and/or 
mucolytics as indicated. 

2. Patients are placed in the Trendelenberg position for 20 minutes each morning for postural 
drainage with chest percussion, vibration, manual assisted coughing and suctioning. This is followed 
until vital capacity reaches greater than 2000. 

3. Postural drainage and percussion with manual assisted coughing and suctioning every 4 to 6 
hours (in addition to above) as indicated. 

4. Obtain vital capacity measurements on newly admitted quadriplegic patients every shift for 72 

hours while awake, then daily for I week, then every week for 4 weeks, and then once per month 
until discharged. 

Table II Breathing Class 

I. Deep breathing: The patient inhales deeply through his mouth and holds breath 1-2 seconds 
then exhales slowly through the mouth. Repeat five times. 

2. Triplets: The patient takes a deep breath through his mouth, holds it and takes another breath, 
holds it and takes one more, then exhales. Repeat five times. 

3. Quick breaths: The patient inhales through his mouth as much air as he can as quickly as he can 
using two quick breaths. Repeat ten times. 

4. Numbers counting: The patient inhales as deeply as he can, counts out loud until he runs out 
of air. Repeat two times. 

5. Accessory for neck: The patient tightens his neck muscles then relaxes. Two sets of fifteen 
repetitions. 

6. Accessory for upper trapezius: The patient shrugs shoulders then relaxes. Two sets of fifteen 
repeti tions. 

7. Coughing: The patient inhales deeply through his mouth then performs two quick coughs. 
Repeat three times. 

other hour while the patient was awake. This was subsequently increased to 2 
hours out of every 3. The patient was then allowed to T -tube as tolerated as 
long as the vital capacity was greater than 1000. 

The ventilator was discontinued on September 6, 1984; however, the patient 
was found to be retaining CO2 and was placed back on the ventilator on 
September 12, 1984. A double exposure x-ray revealed a normal left hemi
diaphragm with no right hemidiaphragm movement. The patient was initiated 
on the weaning protocol on September 12, 1984. T -tube tolerance was initially 
2 hours per session. 

Repeat double exposure chest x-rays revealed minimal right hemidiaphragm 
movement. The patient improved his vital capacity and the ventilator was dis
continued on November 7, 1984. 

The patient was noted on November 5, 1984, to have a new trace of left upper 
extremity movement. This progressed slowly and at the time of discharge, 
January 8, 1985, there was a trace to poor motor strength in the left upper and 
lower extremities and a trace distal right upper extremity movement. The patient 
had no respiratory complications after the ventilator was discontinued. 
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Case Report B 

A 47-year-old female involved in a motor vehicle accident on September 4, 
1984, sustaining a fracture dislocation of C4/5 which resulted in C4 complete 
or C4 Frankel A. There was no volitional movement below C3 with sensory to 
C4. Patient was admitted to the Santa Clara Valley Medical Center's spinal 
cord injury service on September 5, 1984, being transferred on a ventilator. 
Multiple medical problems ensued, including refractory gastrointestinal bleed
ing felt to be secondary to ulcerated lesions of the colon requiring ileostomy. 
In addition, a patient with a right lower lobe pneumonia was treated success
fully. 

On October 3, 1984, she was started on the weaning protocol which was well 
tolerated. Initial T -tube tolerance was 1� hours. On November 9, 1984, ven
tilator was discontinued. The patient completed her rehabilitation without 
further respiratory difficulties and was discharged on March 3, 1985. 

Case Report C 

A 24-year-old male was well until October 23, 1984, when he was involved in a 
diving accident in which he sustained a teardrop fracture of C4 and C5 with 
posterior displacement of C5 on C6. This resulted in C4 Frankel A or C4 
complete quadriplegia with impaired shoulder protraction and elevation. Sen
sation was intact to pinprick in C4 on the left and partial C4 on the right. 
The patient was intubated in the emergency room. He developed left lower 
lobe atelectasis and was treated with antibiotics. He was transferred to Santa 
Clara Valley Medical Center's spinal cord injury service on November 1, 
1984. 

On November 7, 1984, double exposure chest x-ray revealed decreased 
movement of the right hemidiaphragm and no left hemidiaphragm movement. 
On November 14, 1984, he was started on the weaning protocol. Initial T -tube 
time was 10 minutes. His improvement progressed and the ventilator was dis
continued on January 8, 1985. 

His illness was co:nplicated by the development of subglottic stenosis which 
required to be excised on February 2, 1985. Pseudomonas pneumonia occurred in 
March, 1985, and was treated with Piperacillin and Tobramycin. Re-intubation 
was not necessary. The remainder of his hospital course was unremarkable and 

he was discharged on April 26, 1985. 

Results 

All three patients showed increase in their vital capacity and MIF while on the 

protocol. They continued to make gains in vital capacity after mechanical ventila
tion was discontinued (Table III). Patients were neurologically stable through 
the course of the study. No respiratory decompensation occurred necessitating 
re-intubation. 
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Table III After Mechanical Ventilation was Discontinued 

Admission 
MIF VC 

A �28 800 
B �30 1250 

C � 13 300 

Discussion 

D/C ventilator Length of time 
MIF VC to wean/day 

�40 1230 58 
�40 1250 40 
�22 1100 54 

D/C hospital 
VC_oo predicted 

1540 28°" 
1570 66°0 
1150 22°" 

The diaphragm is a specialised skeletal muscle. It has been shown the diaphragm 
responds like skeletal muscle in terms of fatiguability and training (Cohen, 1982). 
Lieberman found that 55" 0 of the fibres in the human diaphragm are red, slow 
twitch fibres. Roussos and Macklen found at less than 40o� of maximum gen
erated pressure at FRC, the diaphragm will contract indefinitely without fatigue. 
At greater than 4000 the diaphragm will eventually fatigue (Roussos, 1977). 
Diaphragm fatigue has been determined through EMG studies (Bellemare, 
1982). 

In normal persons when fatigue occurs, the intercostal muscles and accessory 
muscles become active. In spinal cord injured patients, the diaphragm is acutely 
prone to fatigue. The intercostal muscle control is lost and the chest becomes 
flaccid. With diaphragmetic contraction, the rib cage may be pulled in without 
stabilisation. The abdominal muscles which function to maintain pressure in 

the abdomen in order to place the diaphragm at a mechanical advantage are also 
absent. In addition, there may be decreased lung compliance secondary to 
infections and/or impaired clearing of secretions due to decreased expiratory 
mechanism and cough (Gross, 1980). 

Quadriplegics will fatigue at resistances of 5 to 17.5 cm H20/I-sec compared 
to 70 to 87 cm H20/I-sec in normals (Gross, 1980). Therefore, the quadriplegic 
is prone to fatigue and has less ability to compensate resulting in respiratory 
insufficiency. In patients with partial loss of diaphragm control intubation is 
almost a certainty. The approach taken in these patients was to train the 
diaphragm using a strengthening program with the goal to reduce fatigability 
and allow weaning from the ventilator. Diaphragm training has been dem
onstrated in normal and diseased patients (Gross, 1980; Fugl-Meyer, 1972; 
Leith, 1976). Studies have been performed on quadriplegic patients in which 
strength and endurance have been increased. We specifically studied patients 
with partial innervation of the diaphragm who were ventilator dependent. 
Improved strength was measured by MIF and VC, improved endurance marked 
by successful weaning from the ventilator. 

Our protocol uses the principles of progressive resistance exercise, in which 
the time off the ventilator is increased on a weekly basis to the point of dia
phragm fatigue, as weight is increased in an upper extremity strengthening 
program. 

The natural history of quadriplegic patients is improved respiratory status as 
spinal shock resolves and spasticity of the rib cage stabilises the chest. In addi
tion, resolution of edema and inflammation about the cord may lower the pre
senting spinal cord level. While these changes may have been a factor in our 
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patients, no significant changes in neurological level were noted on physical 
exam or by double exposure chest x-ray. Patients A and B were placed on the 
protocol 1 month after injury which was post spinal shock. Patient A was weaned 
from the ventilator by a different method and decompensated with no evidence 
of intrinsic lung disease. This was felt to be secondary to poor conditioning. He 
was subsequently placed on the protocol and did well. The patients presented 
improved while on the protocol, we feel, secondary to the training effect on the 
diaphragm. 

Conclusion 

Respiratory complications are a major source of morbidity and mortality in the 
quadriplegic population, particularly acutely. We have instituted a protocol for 

weaning quadriplegics with partial diaphragm function from the ventilator, 
analogous to progressive resistive exercise training. In the three patients 
presented we were successful in discontinuing mechanical ventilation without 
subsequent decompensation requiring re-intubation. 
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