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Abstract

Objective—To assess factors associated with breathlessness in chronic spinal cord injury (SCI)
during daily activities.

Design—Cross-sectional survey.
Settings—Veterans Affairs SCI service and the community.

Participants—Four hundred forty-one participants 1 or more years post-SCI, and without acute
illness, were recruited between 1994 and 2003 and were categorized according to their ability to walk
unassisted, walk with an aid, or to move about by either hand-propelled wheelchair or motorized
wheelchair (MWC).

Interventions—Assessment of injury extent, respiratory symptoms, cigarette smoking, comorbid
medical conditions, and spirometry.

Main Outcome Measures—Breathlessness during talking, eating, or dressing.

Results—Breathlessness was more common in MWC users (20/85 users, 24%) than in nonusers
(20/356, 6%). The main activity associated with breathlessness in 15 MWC users was talking (18%).
In MWC users, the risk of breathlessness was related to lifetime cigarette smoking (odds ratio [OR]
=1.02; 95% confidence interval [CI], 1.00-1.03 per pack year), and reports of chronic cough
(OR=7.8; 95% Cl, 2.0-32.7), and wheeze (OR=3.5; 95% ClI, 1.04-13.6). SCI level, percentage of
predicted forced vital capacity and forced expiratory volume in 1 second, and maximal inspiratory
pressures were not related to breathlessness.
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Conclusions—Breathlessness during selected daily activities (most commonly talking) was
greatest in SCI participants who were most impaired with regard to mobility and was associated with
reports of coughing, wheezing, and cigarette smoking.
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DYSPNEA, DEFINED AS a subjective report of breathlessness or shortness of breath, is
common in people with chronic spinal cord injury (SCI) and is greatest in persons with
tetraplegia.ll2 One report2 noted a 47% overall prevalence of breathlessness while at rest and
a 42% rate during activity in 30 participants with high tetraplegia. The article did not define
the term “rest” so it is not known whether it included dyspnea while speaking or eating. Also,
the specific activity or activities associated with breathlessness were not noted, except for a
12% prevalence of dyspnea while subjects were dressing. Previously, we studied participants
with neurologically motor complete SCI who used hand-propelled wheelchairs more than 50%
of the time.! Thirty-one percent of the subjects with cervical injury reported dyspnea while
moving quickly on a level surface or going up a slight hill.1 The relation between dyspnea and
specific activities of daily living (ADLS) in people with SCI is poorly defined. To address this
deficiency, we compared the prevalence of dyspnea during selected ADLs in SCI participants,
based on their level of mobility.

Since 1994 we have been assessing respiratory function in an SCI cohort recruited 1 or more
years postinjury. At study entry, participants completed a detailed health questionnaire and
underwent pulmonary function testing and a neurologic exam. We hypothesized that
participants who commonly used motorized wheelchairs (MWCs), and who would therefore
be the most impaired, would have the greatest prevalence of dyspnea during ADLs. We also
determined which comorbid factors were associated with dyspnea in MWC users during these
activities.

METHODS

Sample

Between October 19, 1994, and June 16, 2003, 479 participants with chronic SCI, defined as
1 or more years post-SCI, were recruited to assess longitudinal changes in pulmonary function
and risk factors for respiratory illnesses. Participants had to be at least 22 years old (before
July 2002, the criterion was 20y), without an acute illness or other neurologic diseases when
tested, and able to breathe spontaneously without tracheostomy. The age criterion was
increased from 20 to 22 years when National Institutes of Health funding was obtained as a
result of differences in the age cutoff for inclusion of adults in research. Recruitment was from
a pool of 1807 potential participants that included 1194 participants who were previously
treated by the SCI Service at Veterans Affairs (VA) Boston Healthcare System, 546 participants
from the National Spinal Cord Injury Association from Massachusetts, New Hampshire,
Vermont, Maine, and Rhode Island, and 67 participants who responded to an advertisement.
There were 271 participants who could not be contacted due to outdated addresses, 43 who
declined testing because they lived too far from the VA medical center, 232 who were not
interested, 73 who were ineligible because they had other neurologic conditions or did not have
SCI, and 279 people who were deceased, resulting in 909 potential participants.

Of the 479 participants tested, those with a history of polio, multiple sclerosis, or stroke (n=25),
with lung resection (n=4), without a detectable SCI level (n=8), with a tracheostomy (n=1),
and with missing information on SCI level (n=1) were excluded from the analysis. The final
dataset included 441 participants (328 veterans, 113 nonveterans), including 1 subject who was
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tested 11 months after SCI. The entry criterion of 1 or more years post-SCI was selected to
include subjects who survived acute injury and associated complications. However, since there
was no a priori basis to exclude the person tested at 11 months, he was retained in the cohort.

The institutional review boards at VA Boston Healthcare System, Brigham and Women’s
Hospital, and Harvard Medical School approved the study, and informed consent was obtained
from each participant.

Health Questionnaire

We used a respiratory health questionnaire based on the American Thoracic Society — Division
of Lung Diseases (ATS DLD-78) adult respiratory questionnaire3 to obtain a participant’s
history of pulmonary symptoms, cigarette smoking, comorbid medical conditions, previous
chest illness, and pneumonia. To assess mobility, participants were asked “How do you usually
get around (usually means more than half the time)?” Responses were recorded as motorized
wheelchair, hand-propelled wheelchair, walk with aid (crutch, cane, or similar aid), or walk
without assistance. Participants were then asked to respond “yes” or “no” to the following
questions based on the ATS DLD-78 questionnaire for the able-bodied: “Are you usually too
breathless to leave the house, or breathless while dressing or undressing?” “Are you usually
breathless while talking for more than a few minutes?” “Are you usually breathless while
eating?” If the answer to 1 or more of the questions was “yes,” the participant was classified
as having dyspnea.

Chronic cough was defined as coughing on most days for 3 consecutive months; having chronic
phlegm was defined similarly. Any wheeze was defined as wheezing with a cold, or
occasionally in the absence of a cold, or wheezing on most days or nights. Persistent wheeze
was wheeze reported on most days or nights, or with a cold and occasionally apart from colds.
Participants who had smoked 20 or more packs of cigarettes or had used 12 ounces of tobacco
or more in a lifetime, or who had smoked 1 or more cigarettes a day for at least 1 year, were
categorized as smokers. Participants who reported cigarette use within 1 month of testing were
categorized as current smokers. Pack years were determined by calculating cumulative lifetime
smoking preinjury and postinjury.

Neurologic Exam

Spirometry

Motor level and completeness of injury were based on American Spinal Injury Association
(ASIA) guidelines.4 Level of injury was further categorized into cervical motor complete and
cervical grade C; and other (thoracic, lumbar, lower) motor complete and grade C, and all ASIA
grade D.

Level and severity of injury were determined by a physician (CGT) in 398 participants (90.5%),
by a trained research assistant in 38 participants (8.9%), from medical record review in 4
participants (0.7%), and in 1 participant by examination during later follow-up.

Spirometry was based on ATS standards® modified for use in SCI, as previously described.
5,6 Testing was done using a 10-L water-seal spirometer.2 Maximum inspiratory pressures
(MIP) and expiratory pressures (MEP) were measured 3 times with either a ValidyneP pressure
transducer connected to a Hewlett Packard strip chart recorder,® or a Dataq computerized data
acquisition systemd with a microchip pressure transducer. Maximal values were reported.7

Statistical Analysis

We used t tests to compare means, and we compared ratios using chi-square tests, using the
Fisher exact test when appropriate. Data were expressed as mean values + standard deviation
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(SD). Logistic regression® was used to assess the association between dyspnea and potential
clinical predictors, with exact methods used for categoric variables.

Dyspnea was more common among MWC users (20/85, 23.5%). The prevalence of dyspnea
in MWC nonusers ranged from 3.4% to 14.3%, depending on activity level (table 1), with an
overall prevalence of 5.6% (20/356). Dyspnea in MWC users was more commonly reported
whiletalking (17.7%), in contrast to dyspnea while eating (4.7%) or in association with dressing
and undressing or limiting one’s ability to leave the house (3.5%). Dyspnea while talking was
infrequent among participants who did not use an MWC. Of participants who could walk with
an aid, 10.7% experienced dyspnea while dressing and undressing or limiting their ability to
leave the house. Among those who could walk without assistance more than half the time,
8.1% reported dyspnea during these same activities. By contrast, in those who could use hand-
propelled wheelchairs or MWCs, the prevalence of dyspnea while dressing and undressing or
limiting one’s ability to leave the house was 1.9% and 3.5%, respectively, (P=.001 comparing
all wheelchair users to nonwheelchair users).

Characteristics of MWC users with and without dyspnea are presented in table 2. The mean
age = SD of MWC users with dyspnea was similar (50.2+13.6y; range, 23.3-78.1y) to that of
participants without dyspnea (50.6+15.1y; range, 23.6-82.7y). MWC users with dyspnea were
tested on average 17.5+13.9 years (range, 2.5-49.4y) postinjury, whereas those without
dyspnea were tested on average 15.9+9.9 years (range, 1.1-46.7y) postinjury (P=.64). Eighty
percent of participants using MWC had a cervical motor complete or cervical grade C injury.
Although physician-diagnosed asthma or chronic obstructive pulmonary disease (COPD) was
not greater among MWC users with dyspnea (table 3), the prevalence of cigarette smoking (see
table 2), chronic respiratory symptoms, previous respiratory illnesses, and heart disease tended
to be greater (see table 3). Among MWC users, factors significantly associated with dyspnea
included chronic cough (odds ratio [OR]=7.8; 95% confidence interval [CI], 2.0-32.7) and any
wheeze (OR=3.5; 95% CI, 1.04-13.6). Cigarette smoking (currently or in the past) was a
borderline predictor of dyspnea in MWC users (OR=4.2; 95% CI, 0.9-41.0), compared with
subjects who had never smoked), and the OR for dyspnea was also increased, based on
cumulative lifetime smoking (OR=1.02; 95% CI, 1.00-1.03 per pack year). The ORs for
dyspnea in association with persistent wheeze, chronic phlegm, chest illness within a year
before testing that kept participants at home or out of work, pneumonia either at the time of
the SCI or after, or a history of exposure to workplace dust, were also increased, but the Cls
included 1.0 (table 4). The ORs for body mass index, SCI level, years since injury, physician-
diagnosed asthma or COPD, percentage of predicted forced vital capacity, forced expiratory
volume in 1 second (FEV4), MIP, and MEP were not increased. Because of the small number
of participants with each factor or symptom, it was not possible to perform a meaningful
multivariate analysis that included smoking, chronic cough, any wheeze, or a history of
pneumonia or chest illness in logistic regression models.

DISCUSSION

Most studies that have assessed dyspnea in association with ADLs have included elderly
patients with pulmonary diseases,3~10 but there has only been 1 previous report in which
dyspnea associated with a specific ADL (ie, dressing) in SCI was assessed. 1112 we report
here the prevalence of dyspnea associated with performing common daily activities (talking,
eating, dressing/undressing, or limiting the ability to leave the house) in participants with
chronic SCI whose mobility was severely restricted. Dyspnea among MWC users while talking
was more common than was dyspnea associated with eating, dressing, undressing or limiting
one’s ability to leave the house. Participants who could walk with an aid or without assistance
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had a much lower prevalence of dyspnea while talking; however, dyspnea while dressing or
undressing or limiting the ability to leave the house was greater. Breathlessness in MWC users
was related to chronic cough and any wheeze, and cigarette smoking was a borderline predictor.
Since cigarette smoking is associated with chronic cough, wheezing, and chest illness in the
able-bodied, 13 we considered whether cigarette smoking could explain the association with
dyspnea.14715 There were too few participants to conduct a meaningful multivariate analysis
to assess whether chronic cough and any wheeze were associated with dyspnea in MWC users
independent of smoking.

Breathlessness has been related previously to SCI level and completeness of injury in subjects
able to use a hand-propelled wheelchair. 16 Spungen et al? reported that patients with
tetraplegia had breathlessness mare frequently than those with injuries at other levels. Their
analysis was not standardized for ability to move about, although in subjects with high
tetraplegia, dyspnea while dressing was experienced by 12%.2 We extended their observations
and our own related study to dyspnea in hand-propelled wheelchair users! to include data on
specific ADLs in subjects categorized by their mobility level or ability to move about.

In our study, MWC users had the highest prevalence of breathlessness while talking. Speaking
requires the interruption of breathing and variation in control of inspiration and expiration
compared with nonspeech breathing. Breathing during speaking is driven by the constant
struggle to simultaneously meet linguistic and metabolic needs. Speaking during high
respiratory drive states—such as during exercise, in severe lung disease, or during acute
hypercapnia—results eventually in a need for compensation to meet the metabolic needs
brought on by the suppression of ventilation. Such compensations are increased respiratory
rate and tidal volume, increased nonphonatory expirations, and the manipulation of phrasing
and syllables produced while preserving linguistic needs and intent.17 This balance between
meeting linguistic and metabolic needs is more difficult to maintain and compensate for when
the muscles of respiration are impaired, because nonspeech breathing is already in a
compensated state. Also, the manipulation of phrasing, volume, rate, and intensity of speech
is more difficult if respiratory muscles are impaired, particularly when metabolic demand is
high. It is these difficulties that likely explain the dyspnea reported by many of the MWC users
in our study. It is possible that MWC users who did not experience dyspnea while speaking
used a different or more adaptive breathing strategy. Further study may help examine this
possibility and provide a basis for relief of speaking-related dyspnea in SCI.

Several studies have examined the coordination between respiration and swallowing in able-
bodied people of various ages.18‘20 Breathing becomes irregular and there is an apneic period,
usually during the pharyngeal phase of the swallow, when the glottis is closed while the bolus
passes through the pharynx. Respiration is usually suppressed during the exhalation phase of
the respiratory cycle,18’20_ with a return to exhalation after the swallow. The duration of
airway closure increases as the bolus volume increases. 29 Dyspnea while eating was relatively
infrequent in our participants (see table 1). Dyspnea while speaking was presumably related
to the need to compensate for the suppression of irregular breathing caused by impaired
ventilatory muscles. MWC users are likely to need to be fed by another person, but will use
speech to direct the pace of the meal. The need to use speech when eating may have influenced
the reports of dyspnea in the MWC group. It is also possible that the volume of intake per bite
or sip is more difficult to control since the participants are being fed, which may increase the
duration of apnea and the likelihood that they will report having dyspnea.

Dyspnea while dressing or undressing was more common in participants able to walk with or
without an aid compared with users of hand-propelled or motorized wheelchairs. It is likely

that the most impaired participants received assistance in dressing and undressing and this may
have affected our results. Metabolic demand increases when one is dressing or undressing. In
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the able-bodied, sufficient ventilation is accomplished easily because the ventilatory muscles
are intact. However, dyspnea may occur in SCI because respiratory muscles are impaired and
undressing and dressing may require the use of such muscles as the pectoralis major,26 that
would otherwise be used in breathing. Several studies have supported this concept. Use of the
arms affects ventilation and ventilatory muscle recruitment in able-bodied subject527v28 and
in subjects with COPD. In the latter group, dyspnea is common during ADLSs that require use
of the arms (eg, combing one’s hair).

In the able bodied, dyspnea has been associated with respiratory illness and mortality
independent of FEV;-2%:30 percentage of predicted FEV; of participants with and without
dyspnea was similar in our study and therefore the higher prevalence of dyspnea cannot be
attributed to reduced pulmonary function. Dyspnea was also not significantly related to
physician-diagnosed heart or lung disease. Cigarette smoking and respiratory symptoms
(chronic cough, any wheeze) were associated with dypsnea, therefore it is possible that therapy
to relieve dyspnea in MWC users with SCI should include smoking cessation and treatment of
these symptoms.

CONCLUSIONS

Dyspnea may occur in SCI subjects while they are talking, eating, dressing, or undressing.
Overall, dyspnea during talking appears to be most common, particularly in participants with
the least mobility (ie, MWC users, who are the most impaired). The mechanisms that cause
dyspnea during eating and speaking are likely related to the relation between impaired
ventilatory muscles and suppression of breathing during the increased respiratory drive.
Dyspnea during dressing and undressing may be related to the relation between the impaired
ventilatory muscles in SCI and, during dressing and undressing, the use of limb muscles that
would otherwise be used for breathing. Not all of the most impaired participants reported
dyspneawhen speaking, therefore it is possible that certain adaptive strategies may be effective.
The same is true for those who experienced dyspnea while dressing or undressing.
Identification of, and training in, such adaptive strategies may provide relief for those affected.
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Table 3
Respiratory Symptoms and Other Medical IlIinesses Among SCI Subjects Who Use an MWC More Than Half
of the Time
Dyspnea While Talking, Eating, or Dressing
Yes (n = 20) No (n=65)
Characteristic n % %
Respiratory symptoms
Chronic cough 9 45.0 6 9.2
Chronic phlegm 6 30.0 12 18.5
Any wheeze 15 75.0 30 46.2
Persistent wheeze 6 30.0 10 15.4
Medical illnesses
Physician-diagnosed COPD 1 5.0 7 10.8
Physician-diagnosed asthma 2 10.0 5 7.7
Physician-diagnosed asthma or COPD 2 10.0 11 16.9
Chest illness within the past year keeping one 7 35.0 12 18.5
at home or out of work
Pneumonia at time of SCI 9 45.0 14 215
Pneumonia after SCI 10 50.0 22 339
Heart disease treated in the last 10y 3 15.0 4 6.2
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Table 4
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OR 95% ClI
Chronic cough 7.8 2.0-32.7
Chronic phlegm 1.9 0.5-6.7
Any wheeze 3.5 1.04-13.6
Persistent wheeze 23 0.6-8.6
Physician-diagnosed asthma or COPD 0.5 0.1-2.9
Chest illness within the last year keeping one at home or out of work 24 0.7-8.1
Pneumonia at the time of SCI 29 0.9-9.7
Pneumonia after SCI 1.9 0.6-6.1
Heart disease treated in the last 10y 2.7 0.4-17.4
Occupational exposure to dust 2.2 0.7-7.2
Lifetime pack years 1.02 1.00-1.03
Ever vs never smoked 4.2 0.9-41.0
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