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Intermittent Positive-Pressure Breathing Effects in
Patients with High Spinal Cord Injury

ABSTRACT
Objective: To determine whether intermittent positive-pressure breathing (IPPB) improved
lung compliance, work of breathing, and respiratory function in patients with recent high
spinal cord injury (SCI).
Design: Unblinded randomized crossover trial.
Setting: Rehabilitation hospital.
Participants: 14 patients with SCI caused by trauma within the last 6 months and located
between C5 and T6.
Intervention: Two months of IPPB and two months of conventional treatment were
evaluated prospectively in random order in patients with SCIL.
Main outcome measures: Noninvasive lung function tests and arterial blood gas
measurements were obtained repeatedly in all patients. Repeated measurements of dynamic
lung compliance and work of breathing as measured by computing the area enclosed between
the inspiratory esophageal pressure-tidal volume curve and the theoretical chest wall static
pressure-volume curve were performed in 7 patients.
Results: IPPB had no long-term effects on vital capacity (52.1+11.3 % vs 54.5£12.5 %, after
conventional treatment and IPPB respectively, P=0.27), lung compliance (66.4+48.9
mL/cmH;0 vs 70.3+38.4 mL/cmH;0, P=0.56) and other lung function tests. Neither did IPPB
exert short-term effects on lung compliance or work of breathing.
Conclusion: IPPB produced no immediate or long-term improvements in lung function or

ventilatory mechanics in patients with recent SCL
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INTRODUCTION

Acute respiratory failure is common immediately after spinal cord injury (SCI), and
pulmonary complications are the leading cause of mortality in the first year after SCL'
Pulmonary complications have been reported to occur during the acute hospitalization in 84%
of patients with C1-C4 injury, 60% of those with C5-C6 injury, and 65% of those with
thoracic SCL?> Normal or increased abdominal excursion with paradoxical inspiratory
retraction of the rib cage has been noted after cervical or thoracic SCI below C4 ** and
ascribed to normal diaphragm motion contrasting with paralysis of rib-cage and abdominal-
wall muscles. The result of this imbalance is a reduction in lung compliance, which may
develop within 1 month after SCI.” Reduced lung compliance has also been reported in
patients with kyphoscoliosis. °

In 1972, intermittent positive-pressure breathing (IPPB) for 5 minutes to induce lung
hyperinflation was reported to increase lung dynamic compliance by up to 70% for up to 3
hours in patients with kyphoscoliosis.® More than 30 years later, the same intervention was
shown to induce a short-term, moderate but significant increase in lung compliance in patients
with amyotrophic lateral sclerosis.” However, an earlier study of IPPB in patients with
neuromuscular disorders showed no effect on lung volumes or compliance.® Little is known
about the effects of IPPB in patients with SCI. A study of 20 minutes' IPPB in 7 patients with
quadriplegia and 7 with muscular dystrophy found no improvements in ventilatory
mechanics.” However, the quadriplegics had long-standing SCI injuries, and the effect of
long-term IPPB was not evaluated.

While IPPB is not a largely recognized method for the management of SCI respiratory
dysfunction '°, specialized Physical Medicine and Rehabilitation units of our country

currently use this technique during acute care of patients with high tetraplegia. To our



knowledge, very few complications occur with IPPB and none is described in the current
literature. IPPB is usually associated with a complete respiratory rehabilitation program
including techniques to enhance clearance of secretions (suctioning, manual or instrumental
assisted cough), techniques to maintain thoracic flexibility (manual mobilisations), and motor
reinforcement of respiratory muscles '°. Binders are systematically proposed in the initial

stage of rehabilitation since their efficacy is supported by other studies '**?

.We hypothesized
that IPPB may increase lung compliance and therefore may improve spirometry and may
decrease the cost of breathing. Therefore, the objective of this study was to evaluate the

immediate and 2-month effects of IPPB on lung compliance, work of breathing (WOB), and

lung function in patients with recent high SCI.



METHODS

Patients

The local ethics committee approved the study, and all patients gave their written
informed consent prior to inclusion. To be included patients had to satisfy the following
criteria: (a) American Spinal Injury Association (ASIA) Class A or B SCI caused by trauma
within the last 6 months and located between C5 and T6, (b) no thoracic injury, (c) and
admission to a rehabilitation unit. The study was conducted over the first 4 months in the

rehabilitation unit.

Measurements

All tests were performed with the patients seated in their wheelchairs. Lung function
was tested using a Vmax 229 Sensormedics System (Yorba Linda, CA) according to standard
guidelines.'® Arterial blood gas levels were measured in capillary blood immediately after
sampling from the radial artery with local anesthesia (topical lidocaine prilocaine, Emla®,
Astra, Westborough, ME), using a Radiometer ABL 330 analyzer (Tacussel Radiometer
Analytical, Copenhagen, Denmark). Flow was measured using a Fleisch #2
pneumotachograph (Lausanne, Switzerland) and esophageal pressure (Pes) using a catheter-
mounted pressure transducer system (Gaeltec, Dunvegan, UK). Appropriate placement was

verified by the occlusion test."

Data Analysis
Respiratory parameters were measured during the last 5 minutes of a 20-minute period
of relaxed breathing. From the flow tracings, we measured inspiratory time (T) and

respiratory frequency (fr). Tidal volume (V) was obtained from the integrated flow signal.



Dynamic lung compliance (Crayn) was calculated as the ratio of Vr over the Pes difference at
the points of zero flow corresponding to the start and end of inspiration.'® Inspiratory WOB
(joule/min) was calculated from a Campbell diagram by computing the area enclosed between
the inspiratory Pes-Vr curve and the theoretical static pressure-volume curve of the chest
wall, as previously described.'” In addition, WOB was partitioned into its elastic (WOBel)
and resistive (WOBres) components on either side of the line joining the two zero-flow

points.

Study protocol

All patients were studied during 2 months with and 2 months without IPPB, in random
order. IPPB treatment consisted in at least 20 minutes of IPPB twice a day and 5 days a week,
provided by an Alpha 200 C ventilator (Taema, Antony, France). The patient was comfortably
seated with the back of the chair inclined at 45°. Inspiratory pressure was increased gradually
to either the highest tolerated value or 40 cm H,O. Respiratory rate, inspiratory flow (from 20
to 60 L/min), and end-inspiratory trigger were set to maximize patient comfort. The patients
chose between a mouthpiece (Bird, Palm Springs, CA) and a nasal mask (Respironics,
Herrsching, Germany). Few leaks around the mask may occur, however the device was
always able to compensate leaks and therefore was able to reach the pressure consign when
leaks were less than 1L/sec which was always the case. During both of the 2-month treatment
periods, the number of patients who required physiotherapy to clear excess secretions and the
number of physiotherapy sessions per patient were recorded.

Lung function tests were performed at inclusion and at the end of each 2-month period
in all patients. In addition, patients were asked whether they agreed to measurements of flow,
Pes, and gastric pressure at inclusion and at the end of each period. Measurements at the end

of the IPPB period were performed twice, immediately before and immediately after 20



minutes of IPPB with the catheter-mounted pressure-transducer system still in place. Each

measurement period lasted about 5 minutes.

STATISTICS
All data are given as means+SD. Paired 7 tests were used for within-patient
comparisons of variables between the two treatments. Unpaired ¢ tests were used for group

comparisons.

RESULTS

We included 14 patients, whose individual data are summarized in Table 1. Patients #1
to #7 accepted repeated transdiaphragmatic and Pes measurements.

In order to evaluate the effect of time irrespective of the treatment, we compared data
obtained at the end of 2 months (end of the first treatment period) and at the end of 4 months
(end of the study) in the rehabilitation unit, and observed that only vital capacity (VC) was
significantly different (50.2%=+12.5 vs. 56.5%=+10.4, P=0.002, #-test), while IPPB had no
long-term effects on vital capacity (52.1£11.3 % vs 54.5+£12.5 %, after conventional treatment
and IPPB respectively, P=0.27, #-test). VC changes in individual patients are shown in Figure
1. The means+SD parameters during baseline, after conventional treatment and after IPPB,
are presented in Table 2. No significant differences were found in the effects of the two
periods (with and without IPPB) on lung function parameters, breathing pattern, or the
respiratory system mechanic. In addition the 6 patients who used IPPB during the 2 first
months were not different from the remaining patients for any respiratory parameter and at

any period (baseline, 2 months, 4 months) (unpaired #-test).



During both treatment periods, 3 patients required physiotherapy to clear excess
secretions. The number of physiotherapy sessions was not significantly different between the
two periods (with IPPB: 7.2+16.3; and without IPPB: 7.5+13.7). Comparisons of
measurement results immediately before and immediately after 20 minutes of IPPB at the end
of the 2-month IPPB period showed no significant differences in lung compliance, WOBel, or

WOB-res (Figure 2).

DISCUSSION

Although all our patients with SCI had low VC values at inclusion, IPPB produced
neither long-term changes in lung volumes nor short- or long-term changes in lung
compliance or WOB.

The lung compliance decrease associated with respiratory muscle dysfunction may be
ascribable to microatelectasis, increased alveolar surface tension, and/or increased lung-tissue
stiffness.” Lung compliance was better in patients with long-standing compared to recent
quadriplegia,’ suggesting that lung compliance may improve over time in patients with SCI.
This improvement is usually ascribed to the development of spasticity of rib-cage and
abdominal muscles over time,” which may increase the activity, and therefore the strength, of
muscles that remain under voluntary control such as the cervical accessory muscles. In
keeping with this hypothesis, the paradoxical rib-cage motion usually present at the acute
phase of SCI decreases over time.” Improved strength of accessory respiratory muscles may
lead to greater lung expansion and, therefore, to increased lung compliance. Should this be the
case, lung hyperinflation using IPPB might accelerate the spontaneous improvement in lung
compliance over time.

In earlier studies, IPPB increased lung compliance and reduced WOB for up to 3 hours

in patients with kyphoscoliosis® or amyotrophic lateral sclerosis.” In patients with SCI of at
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least 1 year's duration, in contrast, IPPB produced no significant short-term effects on chest
wall or lung compliance.” This result raised the possibility that IPPB might be beneficial when
used during the first few months after SCI. Interestingly, VC improved immediately after
IPPB in patients with acute quadriparesis;'® however, the mean increase was only 43 ml,
which was statistically significant but considered clinically irrelevant by the authors. In
keeping with earlier studies, we found no significant immediate effect of IPPB on dynamic
lung compliance or WOB within 1 year of high SCI. Neither did 2 months of IPPB influence
VC, lung compliance, or WOB.

Limitations of the study

We did not study the effects of IPPB on total respiratory system compliance or chest

wall compliance. Unfortunately there is no information in the literature about chest wall
compliance of SCI patients. To compute WOBel, we used a theoretical chest wall compliance
value corresponding to a normal individual. In an earlier study involving chest wall
compliance measurements, IPPB had no immediate effect on this parameter.” A long-term
effect of IPPB on the rib cage might be masked by the gradual development of rib-cage
muscle spasticity. The development of spasticity may also explain the small but significant
VC improvement over time seen in our patients. In keeping with this possibility, no specific
respiratory-system rehabilitation techniques were used in addition to IPPB, and respiratory-
muscle performance did not change concomitantly with the VC increase.

Although our pilot study should be viewed with caution given the relatively small
number of patients, it suggests that routine IPPB in patients admitted to rehabilitation units for
high SCI may produce small benefits at best.

IPPB is offered to patients in most SCI units, including ours.' However, most of our
patients report that the IPPB sessions are unpleasant. In addition, IPPB is costly method in

terms of equipment and staff time. Respiratory muscle training has improved several
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. . : 19,20
respiratory parameters in controlled studies. ™

Respiratory muscle training may be better
than IPPB in patients with recent SCI who are free of acute respiratory complications such as
excessive lung secretion and severe atelectasis, for which IPPB seems effective.?’ A
controlled study evaluated progressive expiratory resistive loading in order to obtain an
expiratory pressure of about 60% of the maximal expiratory pressure during at least 5
minutes, 5 times a day, 6 days a week, for 8 weeks.?’ VC and expiratory muscle strength
showed larger improvements in the trained group. Strenuous isometric training of the
pectoralis major muscle significantly increased expiratory muscle strength and significantly
decreased residual volume compared to controls.'”. In contrast, no benefits were documented
in controlled studies of interventions involving inspiratory muscle training and improved
respiratory muscle endurance.** **

In conclusion, IPPB produced no detectable short- or long-term improvements in
respiratory function, lung compliance, or WOB in patients with recent SCI and without acute
respiratory failure. Given the high cost and patient discomfort associated with IPPB, it should
be limited as a technique among others to enhance clearance of secretions when respiratory
tract infection occur, and attention should turn to muscle training methods, which have been
found effective in patients with SCI. Further studies including SCI patients with acute

respiratory failure are needed in order to give clear recommendations about the interest of

IPPB for this acute situation.
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Figure legends
Figure 1
Changes in vital capacity (VC) over time in individual patients. The dotted lines and open
circles indicate periods with intermittent positive-pressure breathing (IPPB) and the solid lines
and closed circles the periods without IPPB.
Figure 2
Dynamic lung compliance and inspiratory elastic and resistive work of breathing (WOB)

immediately before and after 20 minutes of hyperinflation using intermittent positive-pressure
breathing (IPPB).



