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Abstract—This report documents the design and methods of a randomized clinical trial
designed to test the effectiveness of home negative pressure ventilation in patients with
severe chronic obstructive pulmonary disease. Active negative pressure ventilation was
compared with a sham version of the treatment after a pre-trial assessment had indicated
the feasibility of the latter. Over 1200 patients in the metropolitan Montreal area were
screened. Of these, 348 patients were recruited to enter a 4-week stabilization period,
and 184 were subsequently randomized to receive either active or sham negative pressure
ventilation. A 5-day in-hospital period was used to train patients in ventilator use and
obtain baseline measures of exercise capacity, lung function, respiratory symptoms, and
quality of life. Home ventilation treatment took place during a following 12-week
period. Respirator use was recorded both from patient logs and from concealed meters
installed in the units. Patients received four home visits by physiotherapists during the
12-week period and returned for follow-up to the hospital 4 and 12 weeks post-discharge
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for reassessment.

Chronic obstructive puimonary disease
pressure ventilation

1. INTRODUCTION

In the U.S. the total amount of disability pay-
ments to patients with chronic obstructive
pulmonary disease (COPD) is second only to
disability payments to patients with coronary
disease. In Canada the annual morbidity from
COPD results in an estimated 50,000 hospitaliz-
ations involving half a million hospital bed-days

*All correspondence should be addressed to: Dr S. Shapiro,
Department of Epidemiology and Biostatistics, McGill
University, 1020 Pine Avenue West, Montreal, Quebec,
Canada.

Randomized clinical trial Negative

[1]. Data from the U.S. Health Interview
Survey {2] suggest: (1) that 1 to 1.5 million
persons in the U.S.A. take medicine or some
other form of treatment recommended by a
physician for chronic bronchitis/emphysema;
(2) that nearly 1 million patients see a physician
at least five times a year for these conditions;
and (3) that more than half of these individuals
have at least 14 days of disability in bed
each year (emphysema alone accounts for
an estimated 19,000,000 person-days in bed
annually in the U.S.A.) [3]. Combined economic
costs of chronic obstructive lung disease for
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health care, time lost from work, and lost
wages have been estimated to be as high as
U.S. §$15 billion per year [3]. A cheap effective
means of rehabilitation would be of major
benefit.

This report documents the design and
methods of a randomized clinical trial of the
potential effectiveness of one such intervention,
negative pressure ventilation (NPV). The trial
was designed to address the question of whether
negative pressure ventilation confers benefit to
patients with severe COPD by putting muscles
to rest and represents an effective treatment for
such patients. The nature of the intervention
posed methodologic challenges exceeding those
typically arising in a trial of a pharmacologic
or surgical intervention. Given the complex
study logistics and the attendant problems of
an appropriate control, this article focuses on
the trial’s design and methods. The results of
the trial will be reported in a separate future
article.

Much of the disability accompanying COPD
results from patients’ sensation of dyspnea, or
shortness of breath, which limits their ability to
exercise. Although agreement is not uniform,
most chest physicians and respiratory physiol-
ogists attribute this sensation to afferent signals
from the inspiratory muscles or to their drive
from the respiratory centres. It is plausible that
in advanced disease dyspnea is aggravated
by inspiratory muscle fatigue. Because these
patients must breathe continually against an
excessive load, they may never be able to
obtain the rest required for their muscles
to recover by themselves. If so, mechanical
ventilation might lead to recovery from fatigue,
a lessening of dyspnea and an improved exercise
performance.

The role of respiratory muscle rest in the
rehabilitation of patients with severe COPD was
supported in a preliminary study by Braun and
Marino [4] who reported substantial improve-
ment in exercise performance and arterial blood
gas tensions in case studies of patients with
COPD who underwent nocturnal negative
pressure ventilation. Prompted by this finding
and other work on inspiratory muscle fatigue
[5-8], we planned a randomized controlled
clinical trial to determine if nocturnal negative
pressure ventilation accomplished with home
use of a ventilator improves exercise perform-
ance, alleviates the sensation of dyspnea and
improves quality of life of patients with severe
COPD.
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2. MAJOR FEATURES OF THE TRIAL

2.1. Intervention

In the past, mechanical ventilation has been
accomplished using cumbersome devices such as
the iron lung or various techniques such as
endotrachial intubation. Newer methods are
much more manageable and apply negative
pressure to the body surface with a chest wall
cover such as a suit sealed at the patient’s hips,
arms and neck. We employed a respirator pump
made by Puritan Bennett. At the time of the
study it was the quietest and hence the most
conducive to sleep. The pneumo-suit, manufac-
tured by Nu-Tech Corp., is held away from the
chest wall by a grid which fits over the chest and
upper abdomen. A widebore tube connected to
a fitting in the suit above the grid transmits
negative pressure to the chest wall from the
pump thereby inflating the lungs. The apparatus
is pictured in Fig. 1.

2.2. Pre-trial assessment of sham treatment

We were concerned that improvement in
patients receiving NPV could be a combination
of the direct physiologic effects of NPV as well
as the indirect effects of being intervened upon.
Placebo and Hawthorne effects [9] are well
recognized problems in the evaluation of inter-
ventions. When there is no standard therapy the
use of a placebo control in drug trials has
become almost a sine qua non. However, the
use of a placebo for the evaluation of medical
devices is considerably more problematic.

We anticipated that sham NPV, in which the
treatment would be applied with only minimal
negative pressure, would be associated with
adverse side effects. In particular, discomfort
due to restricted movement and possible sleep
disruption of the patients or spouse due to the
noise of the respirator were expected to be
problems. We initially believed that this would
offset any favourable placebo effects and that
there would be little likelihood of patients
remaining both compliant and blinded to the
specific form of NPV that they were receiving.
However, we decided to examine this assump-
tion in a pilot study and to pretest the logistics
of patient enrollment, treatment, and outcome
assessment. We made such assessments with 34
patients enrolled before the period of the defini-
tive trial and randomized on a 2 to 1 basis to
sham or active NPV.

Several steps were taken to attempt to assure
that patients remained “blinded” during the
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Fig. 1. Apparatus employed for NPV.

pre-trial. Patients were randomized to either
sham NPV or active NPV after the first day
of a 5-day period of in-hospital training, and
irrespective of their assigned group, underwent
the same training and testing programs. As in
the active group, patients undergoing sham
treatment spent two sessions in the physiology
laboratory where measures of diaphragmatic
activity were made to select the ventilatory
parameters for the respirator. This was done
to preserve blinding as patients allocated to
sham treatment arbitrarily had the negative
pressure set at a minimal level, typically —5cm
H,0. This setting was sufficient to cause
some motion of the body suit similar to that
seen with active treatment, but not sufficient
to provide ventilatory muscle rest. The
pressure settings used were not revealed to
the patients. Arterial oxygen saturation was
monitored for all patients during the hospital
stay.

To our surprise, we found that sham treat-
ment was tolerated as well as active NPV, and
that with our procedures patients did not in fact
become unblinded to the form of ventilation
they were receiving, The pilot study also showed
that nocturnal NPV was not well suited to a
substantial proportion of subjects, irrespective
of treatment status. Only 52% (11/21) of the
sham group and 31% (4/13) of the active treat-
ment group completed the entire 3-month pro-
gram. The most frequent problem reported by
patients was difficulty in sleeping. It appeared
that for many patients inability to tolerate noc-
turnal NPV was a major cause of discourage-
ment. For this reason in the definitive trial we
decided to allow patients the option of receiving
NPV during the day.

Given our preliminary results, we decided to
employ a sham NPV arm in the full trial. Our
pilot studies thus led to the final design, a
two-arm randomized clinical trial of active vs
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sham NPV. An outline of the final architecture
adopted for the study is provided in Fig. 2.

2.3, Primary outcome measure

Dyspnea was an obvious candidate for the
primary study outcome given its central role in
the disability experienced by patients with severe
COPD. However, in common with many other
symptoms, it is difficult to assess with precision.
Despite recent developments [10, 11] we were
reluctant to use the level of dyspnea or its
change over time as primary outcome variables.

We felt that a clinically significant improve-
ment in dyspnea would be reflected in improved
exercise tolerance, which could be more accu-
rately quantified. Recent research [12—-14] points
to a close link between dyspnea, exercise per-
formance and the ventilatory muscles. When
subjects who have severe COPD exercise, dysp-
nea usually supervenes and limits the maximal
performance. This level of exercise often corre-
sponds to the maximal predicted ventilatory
capacity of the subject and suggests that venti-
latory muscle function may be an important
determinant of exercise capacity in these
subjects.

Thus, at the planning stage, we decided to use
exercise tolerance, measured by the endurance
time on a cycle ergometer set at 2/3 of the peak
power output established on a symptom limited
incremental exercise test [15] as the primary
outcome variable. A second measure of exercise
tolerance was the 6-minute walk test [16] that
provided the maximum distance a subject walks
in 6 minutes in a measured corridor. Other
outcomes of interest included respiratory symp-
toms, resting lung function, arterial blood gases,
and quality of life. These are discussed in more
detail in the subsequent section on baseline
measurements.

During the feasibility phase we experienced
difficulties in assessing endurance times in the
way that we had initially envisioned. The stan-
dard deviation of the change in endurance times
was 8.47 and 4.72 minutes in the sham and
treatment group respectively in comparison
with the estimate of 2.5 minutes that had come
from the literature [17]. This difficulty persisted
into the actual trial itself and led to a re-evalu-
ation of the suitability of endurance time as
the primary outcome. After consideration of the
variability of the outcome measures by the
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1231 subjects identified

247 not sufficiently dyspneic

229 refused

133 medical contraindications

116 spirometric criteria

65 lived too far away

38 age greater than 75

34 psychosocial problems

15

I
t— died
I

6 other

348 recruited

73 refused further participation

40 medical contraindications

20 psychosocial problems
19 unstable lung function
died

lived too far away

184 randomized
Fig. 3

Steering Committee of the trial (whose voting
members were totally unaware of differences in
the level of the variable between treatment
groups) it was decided to shift to the 6-minute
walk as the primary measure of exercise
tolerance. This decision was endorsed by the
independent Safety and Data Monitoring Com-
mittee established by the National Heart, Lung,
and Blood Institute (NHLBI) to monitor the
progress of the trial.

3. PATIENT SELECTION AND ASSIGNMENT

3.1. Eligibility criteria

Patients with severe symptomatic chronic ob-
structive lung disease were candidates for entry
into the study. Eligibility criteria for the trial are
listed in Table 1. The criteria fall into several
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categories reflecting both the severity and stab-
ility of the underlying disease as well as suit-
ability to fulfil study requirements. Grading of
the severity of dyspnea proceeded according to
the American Thoracic Society [18] modifi-
cation of the Medical Research Council respir-
atory questionnaire. A dyspnea level of grade 4
reflected the fact that the patient felt they had
to stop for breath after walking 100 yards on the
level; a level of grade 5 indicated that the patient
felt too breathless to leave the house, or became
breathless when dressing or undressing. The
spirometric criteria were chosen to be similar to
those used in other randomized controlled clini-
cal trials in populations with COPD. If there
was concern about the adequacy of patients’
mental status a Pfeiffer mental status assessment

“was carried out [19].

3.2. Recruitment

Initial recruitment activities were concen-
trated at the Montreal Chest Hospital Centre
and the Home Care Programme of Maison-
neuve-Rosemont Hospital, a special respiratory
home care programme. As a result of our
experience during the pre-trial we discovered
that recruitment efforts needed to be greatly
expanded. Screening to search for eligible
patients was done in 15 major hospitals in the
Montreal area. In collaboration with treating
physicians, charts were initially reviewed to
identify patients with COPD who were between
30 and 75 years of age, whose most recent FEV,
(forced expiratory volume in 1 second) was not
greater than 60% predicted, and whose chart
review revealed no obvious medical contra-
indications. A letter describing the study was then
sent to these patients and followed up by a
telephone call to determine their interest in the
study and their availability for further screening.

In addition, personal letters were sent to every
practising respiratory physician in the Montreal
area, and newspaper, television and radio cover-
age were arranged to solicit volunteers. The
distribution of the sources of referral to the trial
is shown in the first column of Table 2. In some
settings the patients were better known to the
referring physician, particularly in the Maison-
neuve-Rosemont Home Care Programme, and
patients not thought to be ultimately eligible
were not referred. In contrast, self-referred
patients had not been pre-evaluated. As a conse-
quence, the proportion of randomized subjects
from each source varied widely as seen in the
right-hand column of Table 2.
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Table 1. Eligibility criteria

Eligibility for Entry into Study

—A clinical diagnosis of COPD

—Age between 30-75 years

—Dyspnea grade 4 or 5 as assessed on the ATS symptom
questionnaire and not known to be due to a condition
other than COPD

—Pre-bronchodilator FEV, < 50% predicted

—Pre-bronchodilator FEV, /FVC < 0.6

—Post bronchodilator FEV, < 60%

—Ability to walk and exercise on a cycle ergometer

—Residence close enough to the Montreal Chest Hospital
to be accessible for home and clinic visits

—Fluency in English or French

—No apparent risk of acute medical emergencies or con-
ditions which would effect patients’ participation such
as severe unstable angina, history of acute pulmonary
edema, morbid obesity, alcoholism

—Adequate mental ability (as determined by Pfeiffer mental
status assessment if necessary)

—Use of salbutamol inhaler and either one or both of
ipratropium bromide inhaler and oral theophylline

—Post-stabilization FEV, within 25% of recruitment FEV,

—Post-stabilization dyspnea score not more than one grade
higher.than recruitment level

—No exacerbation during stabilization period

A total of 1231 subjects were interviewed.
Approximately 1/4 of these, 348, met the initial
eligibility criteria and agreed to participate in
the study. Reasons for non-participation of
the 883 other patients are listed in Table 3.
The most frequent reasons were lack of
sufficient dyspnea, patient refusal, and medical
contradictions.

3.3. Stabilization

The 348 patients recruited participated in a
4-week stabilization period during which time
they were visited at home by a nurse who
provided the patient and family member with
further information and assessed the candidate’s
suitability in terms of living arrangements and
social support. The nurse also verified that the
patient was taking at least two bronchodilators

Table 2. Source of patients identified and randomized

Number Number
Hospitals identified randomized
Montreal Chest Hospital 130 15
Maisonneuve-Rosemont Home

Care Program 51 26

Montreal General Hospital 58 7
Hopital St Luc 19 9
Hépital Hotel Dieu 33 9
Hépital Notre Dame 67 10
Hopital Sacré Coeur 35 4
Verdun General Hospital 103 11
Hopital Cité de la Santé 45 7
Other hospitals 161 13
Self referral (via media) 529 71

1231 184
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Table 3. Reasons for non-participation of
screened patients

1231 Patients identified
247 Not sufficiently dyspneic
229 Refused
133 Medical contraindications
116 Spirometric criteria
65 Lived too far away
38 Age greater than 75
34 Psychosocial problems
15 Died
6 Other

348 Patients recruited
73 Refused further participation
40 Medical contraindications
20 Psychosocial problems
19 Unstable lung function
8 Died
4 Lived too far away

184 Patients randomized

on a regular basis, salbutamol inhaler and either
one or both of ipratropium bromide inhaler and
oral theophylline. If the subject was taking a
theophylline preparation and if the serum
theophylline level at recruitment was not be-
tween 40 and 110 mmol/l the dosage was altered
and a blood sample drawn approximately 1
week later to verify that adequate serum concen-
tration had been obtained.

Three to four weeks after recruitment,
patients were re-evaluated to assess lung func-
tion stability and to detect any unreported
medical contraindications. During stabilization
an additional 164 patients were excluded. Of
these, 73 declined further participation, 40 had
new or unreported medical contraindications,
20 had psychological or social problems pre-
cluding participation, 19 had unstable lung
function or sensation of dyspnea (6 improved on
their dyspnea rating, 6 had unstable spirometry
and 7 had exacerbations of their condition), 8
patients died during this period, and 4 patients
could not be included owing to the distance
from home to hospital.

3.4. Randomization

Patients with stable lung function were eli-
gible to enter hospital for instruction in NPV
and to undergo baseline testing. Randomization
to active or sham NPV took place on the second
day of hospitalization after a final evaluation
designed to eliminate patients who were unable
to perform the required tests and training or
in whom testing seemed contraindicated. We
randomized eligible patients according to a
stratified block randomization scheme. Stratifi-
cation was based on whether or not the patient
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had been receiving home oxygen. We felt that
home oxygen status provided a composite
measure of many different baseline factors and
as such was an important variable upon which
to achieve treatment balance. Randomization
proceeded within strata according to a
permuted block scheme with a block size, or
balancing interval, varying randomly between 8
or 12 according to the outcome of a computer
generated random number [20]. This ensured
that the cumulative number of assignments to
each treatment would be in balance after each
block of assignments had been made. Treatment
assignments were obtained by telephone request
to the trial secretary who was located away from
the site of clinical activities.

4. BASELINE MEASUREMENTS

The distribution of baseline characteristics is
provided in Table 4. All measures were carried
out by staff blinded as to treatment group.

4.1. Respiratory symptoms

The American Thoracic Society respiratory
symptom questionnaire (18] was administered
by a trained interviewer. A more detailed evalu-
ation of the symptom of dyspnea was made with
two additional instruments. The first, a recently
developed clinical questionnaire [10] allows
breathlessness to be rated for each of three
separate features; magnitude of task which
elicits the symptom, magnitude of effort
required to elicit the symptom, and the resultant
functional impairment. This instrument was
designed as an unstructured interview to be used
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by the clinician as part of the usual history
taking. In an attempt to reduce bias and
improve reproducibility, a structured question-
naire was developed and subsequently adminis-
tered by a trained interviewer. The scoring for
this questionnaire was described by the original
authors [11]. Up to four points are given for
each of the three components, magnitude of
task, effort, and functional impairment, with a
score of 12 indicating “no dyspnea” despite
strenuous effort as well as “no limitation” of
any activities due to breathlessness. Breathless-
ness was further quantified using an oxygen-cost
diagram as described by McGavin and co-
workers [21]. In the diagram everyday activities
are listed and placed proportionately to their
oxygen cost along a vertical line and subjects
are asked to mark with a pen the point above
which they think their breathlessness limits their
activity.

4.2. Quality of life

Global quality of life was measured by the
Quality of Life Index developed by Spitzer and
colleagues [22]. The Index contains five items
reflecting day-to-day activity patterns, self-care
capabilities, general health, outlook on life and
support by family and friends. Each item is
scored as 0, 1 or 2 and scores are summed
providing an unweighed total score (0-10).

The Index has demonstrated acceptable in-
ternal consistency {22-24], and good interrater
reliability [22, 25] and stability [26, 27]. In vali-
dation studies, it has been able to distinguish
between healthy and sick individuals [22] and
can differentiate patients in various stages of

Table 4. Baseline characteristics of randomized patients

Active Sham
n Mean (SD) Mean (SD)

Age (years) 184 63.6 (1.32) 65.2 (7.97)
% Male 184 70% 75%
% on home O, 184 13% 14%
FEV, (% pred) 184 29% 9.1%) 30.0% (11.3%)
FEV,/FVC 184 0.33 (0.09) 0.32 (0.07)
PO, (mmHg)* 184 70.9 9.36) 71.3 (11.83)
P,CO, (mmHg) 184 43.8 (6.66) 44 (7.30)
PI.,, (cmH,0) 182 41.7 (14.72) 44 (15.72)
PE,,, (cmH,0) 182 844 (40.51) 82.0 (32.57)

L, 172 13.0 (4.83) 12.9 (4.69)
Body mass index (kg/m®) 184 23.6 (4.89) 24.0 (4.36)
% ATS grade 5 184 86% 83%
6-minute walk (m) 184 319 (115.2) 315 (103.3)
Cycle ergometer (min) 181 7.84 (6.56) 6.86 4.37)
Oxygen cost score (mm) 184 513 (15.38) . 493 (13.94)
Quality of life 184 6.5 .01 6.7 (1.76)

*Measurements for patients receiving home O, were taken while patients received

supplemental oxygen.
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a disease [23]. It correlates well with other
measures of quality of life [22, 23, 25, 27], is able
to predict survival [28] and is responsive to
clinical changes over time [29]. The Index can be
completed in less than 1 minute by patients,
their relatives or health care professionals in
English or French. Although it has not been
used as an endpoint in a clinical study of
patients with chest disease, it was designed for
use with both cancer patients and those with
other chronic debilitating conditions. It has
been extensively employed in studies of cancer
and other medical and surgical conditions
[23, 27, 28, 30, 32].

4.3. Anthropometric measures

Anthropometric measures including height,
weight, triceps skinfold (TSF), and mid-arm
circumference (MAC) were obtained by a single
technician. The site of the measurement for the
TSF and MAC was located at the midpoint
between the acromion and the olecranon pro-
cess. Three measurements were taken and the
mean of the closest two readings was used [33].

4.4. Resting lung function

Spirometry was done with a nose-clip and one
Vitalograph spirometer calibrated daily using a
1.5 liter calibrated syringe. The usual 3-liter
syringe was not used given our interest in the
greatest precision in the low range of volumes
recorded in our study subjects. Volumes were
corrected to BTPS (body temperature and press-
ure saturated). The best FEV, and FVC (forced
vital capacity) were selected from two repro-
ducible volume-time curves as recommended by
the American Thoracic Society [23].

Single breath diffusing capacity for carbon
monoxide (DLCO) was measured using a Mor-
gan gas transfer system (P. K. Morgan Ltd,
Chatham, Kent, England). The average of the
two highest values was selected if these were
within 10% or if not achieved in five trials we
selected the highest DLCO measured corrected
to standard hemoglobin concentration of
14.6 g dl~' [27]). The same standard test gas was
used throughout the study. The zero point was
set and the system checked for leaks before
each test. Biological calibration was carried out
weekly by having the technician carry out the
test herself.

Maximal respiratory mouth pressures were
carried out in a body plethysmograph using
a vacuumed 1002 mouthpiece attached to
+200cm H,O validyne pressure transducer.
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Maximal inspiratory pressure was measured at
functional residual capacity providing a small
air leak via a 14 gauge needle through
the mouth-piece. Maximal expiratory pressure
(PE,..) was measured at total lung capacity.
The best of three trials was reported for each
of maximal inspiratory (PI,,) and PE_,.
The pressure transducer was calibrated weekly
with a water manometer. Instrumentation lab-
oratory blood gas analysers (Fisher Scientific,
Lenenpton, Mass.) were adjusted and calibrated
daily using artificial blood controls from the
same company.

4.5. Exercise capacity and endurance

The principal outcome measure of this ran-
domized controlled trial was the distance in
meters walked in 6 mintues. The method is
based on the 12-minute walking test described
by McGavin [34]. We chose to use a 6-minute
test because it yields comparable results to the
12-minute test [16], and subjects already had a
prolonged testing schedule to complete at base-
line. Patients receiving home oxygen walked
with oxygen delivered by nasal prongs at the
rate they usually used for exercise. Subjects
pulled their own portable oxygen tank on
wheels. They were instructed to walk back and
forth along a hospital corridor 20 meters long
and to cover as much distance as possible during
the 6 minutes. An encouraging phrase [35]
was given by the tester each time the subject
returned to the point of origin. The subject
was warned when there was only 1 minute left.
Because improvement in performance sub-
sequent to familiarization with this test has been
demonstrated previously [34,35] a practice
walk-test was done one day prior to the baseline
measure. At least 30 minutes of rest was ar-
ranged between the 6-minute walk and the cycle
endurance test.

On the first day of the hospital stay subjects
underwent a symptom-limited maximal incre-
mental exercise test on an electronically braked
cycle ergometer (Bosch). Subjects breathed
through a mouthpiece attached to a low
resistance valve with a combined deadspace of
200 ml. Because of worsening dyspnea with such
added deadspace, subjects newly enrolled in the
second half of the study underwent cycle ergo-
meter testing with a tight-fitting mask (Hans
Rudolf No. 7900 m). For subjects on home
oxygen an equivalent inspired oxygen concen-
tration was provided using a 220 liter Douglas
bag. After ventilation and heart rate had been
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stable for at least 1 minute, subjects began
cycling at approximately 50 rpm at 0 workload.
The electronically determined workload was
increased to 10 then 20 W at 1 and 2 minutes,
then increased by 5 W at each minute thereafter.
Maximum power output was defined as the level
of work maintained for 30 seconds or more. The
following day, after randomization, subjects
returned to the exercise laboratory where
they were asked to cycle to a symptom-limited
maximum at a constant workload equal to
two-thirds the maximal workload reached the
previous day. The duration of cycling at this
workload was taken as the cycle endurance
time.

Variability in cycle endurance time in the first
6 months of the trial was clearly greater than
expected, and two factors responsible at least in
part for this excess variability were identified.
Firstly, subjects who were able to cycle for 20
minutes or more had probably not achieved
maximal exercise capacity on the progressive
test. They were therefore exercising for long
periods at relatively low workloads during the
endurance test and were often stopping because
of musculo-skeletal pain or even on occasion
boredom. Secondly, it became apparent .that
subjects cycling at workloads less than 25W
had less reproducible endurance tests at the
follow-up visits. This was due to a substantial
electronic overestimation of the actual
workload levels below 25W,

To remedy this situation the following
changes in the exercise protocol were introduced
prospectively. When selecting the load for en-
durance testing a minimal load of 25W was
chosen, unless the subject had not maintained
this load for a least 20 seconds during the
incremental test. If this was the case the en-
durance test was done at 20 W but at a constant
pedal speed of 50 rpm. If a subject’s endurance
time at baseline reached 20 minutes, the test
was stopped and repeated the next day at a
workload increased by 10 W. The endurance
time at the higher workload was used as the
baseline measurement.

5. TRAINING IN-HOSPITAL

5.1. Ventilator use

During the 5-day in-hospital period patients
were trained in the use of the respirator, the
equipment was adapted to the individual,
necessary baseline evaluations were carried out
as described above, and additional orientation

and instruction were provided for patients and
their families regarding the study.

On the first day, patients were shown a
videotape which provided general information
about the study and about the respirator they
would be using. Patients were also given the
opportunity to try on the pneumo-suit and
practice getting into it independently. The res-
pirator itself was not used so that baseline data,
including oximetry, could be obtained during
the initial day and night of hospitalization. On
the morning of the second hsopital day the final
decision was made regarding patient eligibility.
Patients were randomized to either active or
sham treatment and then transferred to the
physiology laboratory. There NPV was insti-
tuted by a technician, supervised by a study
physician, and measurement of the degree
of suppression of electrical activity of the
diaphragm was made.

During this first session in the physiology
laboratory, appropriate ventilator settings were
established. Patients subsequently received sev-
eral practice sessions with the NPV equipment
on the second and third hospital days. Although
the equipment limits movement, adequate venti-
lation can be obtained in supine, lateral or
semi-recumbent (in a reclining chair) positions.
Patients were encouraged to choose the most
comfortable position for NPV since sessions
optimally were to last for 4 or more hours and
periods of use of less than 2 hours duration were
strongly discouraged. On the third day of hospi-
talization the physical therapist who was to do
the home care follow-up also visited the patient.
At this time she made arrangements for the first
home visit, became acquainted with the patient,
and established plans for installation of the
equipment in the home. The following day both
active_ and sham treatment patients had their
second session in the physiology laboratory.
At this time we verified the degree of phasic
diaphragmatic EMG suppression with the pre-
determined NPV settings. Since some patients
chose new positions for improved comfort we
also adjusted the ventilatory settings at this
time. Patients also used the day for additional
practice with the respirator and to solve prob-
lems dealing with ventilator use that had sur-
faced during the week.

On the fifth day patients were discharged
home and the equipment was delivered by the
hospital therapist. Patients were reminded how
to complete a logbook to record respirator
usage. At home they installed themselves in
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the suit and the whole apparatus was checked.
The hospital physical therapist also left a brief
summary of the patient’s history for the visiting
therapist and all the forms necessary for each
follow-up visit.

5.2. Capture

Through the use of negative pressure venti-
lation we sought to rest the respiratory muscles.
We assessed the extent to which this was
achieved by measuring the degree of suppres-
sion of electrical activity of the diaphragm, or
“capture”. All measurements were performed
on both sham and active treatment groups first
while the patient was resting comfortably in the
suit and breathing normally, then with the
ventilator in operation. These measurements
were: (a) pressure within the suit; (b) thoraco-
abdominal movement as assessed by inductance
plethysmography; (c) electrical activity of the
diaphragm as assessed by the peak value of
the integrated electromyogram (EMG) signal
obtained from surface electrodes placed on the
6th and 7th intercostal spaces near the anterior
axillary line; in a preliminary study we showed
that this was highly correlated with the electrical
activity of the diaphragm recorded from an
esophageal electrode; (d) arterial oxygen satu-
ration and pulse rate as obtained by finger
oximetry. Signals were recorded on an eight-
channel strip chart recorder.

After at least 5 minutes of quiet breathing as
defined by the regularity of thoraco-abdominal
motion, steadiness of the size of the integrated
EMG signal, and the constancy of the arterial
oxygen saturation, the ventilator was turned on.
Patients assigned to sham ventilation received
the least amount of negative pressure generated
with the ventilator on; this usually ranged be-
tween —4 and —8cm H,O. These patients
received a ventilatory rate equivalent to their
spontaneous respiratory rate. For patients as-
signed to active treatment we administered a
negative pressure and ventilatory rate consistent
with the aim of maximizing patient comfort
and at the same time reducing the integrated
EMG by at least 50% and suppressing visible
spontaneous respiratory effort.

The second capture session was carried out in
the position that the patient had indicated as
being their position of preference. Patients were
sent home with the settings established in the
second capture session. The mean negative
pressure setting for active patients was —30 cm
H,O with 75% of the settings between —28 cm
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Table 5. Suppression of integrated diaphragmatic EMG
at last capture session in active negative pressure group

(n =88)*
Percent suppression Percentage of patients
<50 18%
50-60 18%
60-70 22%
70-80 23%
>80 19%

*Two patients left hospital before capture could be assessed
and in two others repeated attempts to obtain usable
electromyogram tracing were unsuccessful.

H,0 and —32cm H,0. At their first follow-up
visit the capture criteria were re-evaluated
and ventilatory settings changed if necessary.
Table 5 presents the distribution of percent
reduction in EMG from the last capture session
for those patients assigned to active treatment.
Overall, the median reduction achieved was
65%. A random sample of 20 sham patients
had their EMG tracings read to estimate their
percent reduction. The mean (SD) reduction in
this group was 10 + 12.5%.

6. FOLLOW-UP PROCEDURES

The home follow-up regimen alternated fol-
low-up visits and phone calls. Each patient
routinely received four follow-up visits by the
same therapist. Each follow-up visit followed a
standard plan. Patients demonstrated the ability
to get into the machine and to turn it on. The
therapist discussed how the machine was being
used, the time spent in the machine on a daily
basis and per session and any reason for non-use
of the machine. The pressures and rates were
checked by the therapist as was the clock which
recorded usage. Phone calls to the patient were
conducted by the same visiting therapist. She
inquired about any problem areas, encouraged
the patients, and provided general support.

Patients were scheduled to return to the Mon-
treal Chest Hospital at 4 weeks and 12 weeks
into the study to meet with their study physician
and to perform required tests. Originally,
we planned to have an 8-week evaluation as
well, but found that this burden of assessment
was poorly tolerated by patients. The cycle
endurance tests were particularly anxiety
provoking for most patients.

We therefore eliminated assessment of out-
come at 8 weeks, although each patient was
contacted by a study physician at that time. At
the hospital follow-up visits, the questions on
dyspnea were repeated. A change in dyspnea
was also assessed from a transition score for
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the clinical questionnaire used at baseline [10].
Briefly a transition score of —3 (major deterio-
ration) to +3 (major improvement) is given
for a change in each of the three components
of the questionnaire, magnitude of task, effort
and functional impairment. As for the base-
line assessment, a questionnaire was developed
so that it could be administered by a trained
interviewer. The oxygen-cost diagram was
initially re-administered in an analogous fashion
to baseline. Subsequently patients were also
asked to mark on the same form their recollec-
tion of their baseline level. This provided us
with the opportunity to examine two measures
of change. Assessment of quality of life was
carried out in the same manner as the baseline
quality of life assessment.

At each follow-up visit spirometry was
repeated using the same spirometer. Mouth
pressures and -arterial blood gases were also
repeated. Both the 6-minute walk and the cycle
endurance time were repeated on the same day
at 1 and 3 months and in the same order in
which they were done at baseline. If the patient
was receiving oxygen, the same concentration
in inspired air was always used. All changes
in the cycle exercise protocols were introduced
prospectively so that patients exercised at fol-
low-up according to the same protocol that had
been used at baseline for their initial evaluation.
Patients receiving oxygen breathed a fixed con-
centration of 28% O, for the cycle endurance
test. Height, weight, skinfold thickness and arm
circumference were re-measured at 3 months.

7. STATISTICAL CONSIDERATIONS

7.1. Analysis plan

Given the dangers of focusing analysis on
subgroups of patients defined by their post-
randomization behaviour, primary data analysis
will follow an ““intention to treat” strategy and
include all randomized individuals, irrespective
of level of respirator usage or follow-up experi-
ence. The last available follow-up measurement
will be used to assess change. Those without a
follow-up assessment will be arbitrarily assigned
a change of O. Secondary analysis examining
selected groups of patients will be undertaken to
supplement the primary examination. This will
include analyses restricted to those patients
actually providing follow-up, as well as analyses
of subgroups defined by their baseline charac-
teristics including patients who were hyper-
capniac, those who were receiving home oxygen,

CE 44/6—C

those who have predicted FEV, values less than
25%, and those whose cycle endurance tests
were performed at workload below 25 W.

For the primary outcome of 6-minute walk
distance, the comparison of the treatment and
sham groups will be carried out using multiple
linear regression. Differences between the treat-
ment groups will be assessed by regressing the
final 6-minute walk distance on the baseline
walk, home oxygen status, FEV,% pred, and
P,CO,. Analysis of secondary outcomes will
proceed in an analogous fashion. In addition,
the effect of other potential correlates of out-
come, including hours of respirator use, will be
explored.

7.2. Sample size

Our preliminary planning had been based on
the assumption that the principal outcome
would be the change in cycle endurance time,
and that the primary comparison of interest
would be the difference in the mean change in
endurance times between the active and sham
groups. Based on an anticipated standard devi-
ation of 4.5 minutes, a minimum sample size of
168 patients was targeted in order to achieve a
power of 0.90 to detect a true difference of 2.25
minutes between the experimental and control
groups [36]. As previously discussed the sub-
sequent difficulty in obtaining reliable estimates
of the change in endurance times led to the
decision to use the 6-minute walk test as the
principal outcome. Given the greater relative
precision of the 6-minute walk test, this change
did not require any increase in the minimum
targeted sample size; with a minimum sample
size of 168 patients we would have a power
in excess of 0.90 of detecting true differences
between groups as small as 25 meters.

8. ASSESSMENT OF BLINDING AND COMPLIANCE

All procedures were identical for both active
and sham groups including both in-hospital
training and assessment, and home follow-up
visits. Patients had private rooms in hospital,
and training programs were individualized.
Although treating personnel were aware of
patients’ status, those involved in the assessment
of outcome were not. Treating personnel were
all employed by the study and were aware that
patients and outcome assessors were to remain
blinded. Two separate systems of patient record
storage were established, with potentially un-
blinding data not available to blinded personnel.
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Table 6. Guessed treatment

Could not
Actual treatment Sham Active say
Sham 26 47 11 84
Active 7 65 6 78
33 112 17 162

Weekly meetings of treating personnel were held
to discuss any problems of patient management.
At the end of the study patients were asked
to indicate the treatment they believed they
had been assigned. One hundred and sixty-
two patients provided an answer and their
responses, classified according to their actual
treatment group, are provided in Table 6. Of
the 84 sham patients, 47, or 56%, guessed that
they had been receiving active treatment; the
comparable figure for the active treatment
groups was 65 out of 78 or 83%.

Of the 184 patients randomized, 10 patients
did not use the respirators at their residence at
all. Of these 10 patients, 2 were sham and 8 were
active. An additional 53 patients, 27 sham and
26 active, received only partial treatment in
that they stopped treatment prior to completing
12 weeks. The most frequent reasons given by
patients for treatment dropout are given in
Table 7.

For all patients respirator usage was assessed
in two ways. Unknown to the patients a clock
was installed in the respirator to record the time
of use. Patients were also instructed to record
their use of the machines in a daily log which
was subdivided into hourly intervals. This pro-
vides us with data on the pattern, as well as total

Table 7. Reasons for non-compliance by treatment group

Active Sham
No use of respirator

Hospitalized 2 0
Choking sensation 1 0
Refusal 2 1
Family problems 3 0
Alzheimers disease 0 1

Total 8 2

Some use of respirator

Patient died 2 1
Hospitalized 9 8
Choking sensation 1 0
Chest pain or tightness 3 0
Other discomfort (backpain,

arthritis, etc.) 5 3
Tired, depressed, intervention

too difficult 4 12
Family problems 2 0
Accidental injury 0 2

Total 26 27
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hours of use of the machine. An independent
reading of total usage was obtained from the
meter which was installed in the machine.

9. DISCUSSION

Conceptually, this experimental trial has been
straightforward. What is unusual and virtually
unique is the use of a “placebo” for a thera-
peutic intervention as logistically and techni-
cally complicated as NPV. The major challenges
have been logistic ones in the field. We suc-
ceeded in giving treatment to patients in the
control group with a sham pneumo-suit and
ventilator, maintaining blindness of patients as
to their treatment assignment. This adds a new
dimension to placebo control of clinical trials.

In addition to measurement of exercise ca-
pacity and endurance, we measured respiratory
function, carried out a detailed evaluation of
dyspnea, assessed quality of life (QL) and ob-
tained anthropometric, clinical and pertinent
paraclinical data. All these measurements and
tests on people who were quite sick required a
great effort of coordination and much diligence
on the part of research support staff as well as
patient cooperation.

An exhaustive search for eligible patients
in the entire metropolitan Montreal area was
carried out. The extensive recruitment efforts
suggest to us that the majority of potentially
eligible patients with chronic obstructive lung
disease in a geographically defined area were
identified and evaluated as part of the trial
activities.

As it was our hypothesis that respiratory
muscle rest would improve dyspnea and exercise
performance by treating chronic inspiratory
muscle fatigue, our emphasis in establishing
eligibility criteria was focused on dyspnea and
abnormal lung mechanics rather than on abnor-
malities in gas exchange. Thus CO, retention
was not an admission criterion. This dis-
tinguishes our study from several published
uncontrolled studies [4, 37, 38]. Despite this
fact, almost a third of our patients, 56, were
hypercapnic. This number is greater than the
total sample size of any of the above-mentioned
studies, and we will readily be able to examine
the effect of NPV in this subgroup.

Results from uncontrolled studies or poorly
controlled studies have generated a phase
of enthusiasm for negative pressure venti-
lation in the management of patients with
advanced COPD. Accordingly, the results of
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this randomized controlled trial, whether they
are positive or negative, will be clinically
important and provide valid evidence for
physicians seeking cost-effective treatment for
their patients with this very difficult and
disabling disease. Given the high prevalence of
the disease in the population, the high burden
of suffering it creates for society and for
families, and the adverse economic impact of
the disability, the economic implications of
either positive or negative findings will be
important in the formulation of health policy
for the care of people with chronic obstructive
lung disease.
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