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BACKGROUND: Noninvasive ventilation (NIV) has been shown to improve numerous clinical
measures in subjects with COPD, including gas exchange, exercise tolerance, dyspnea, hospitaliza-
tions, health-related quality of life (HRQOL), and functional status. Although useful for classical
COPD, NIV has not been validated specifically as a treatment option for mustard airway disease.
Our aim was to assess the efficacy of NIV in subjects with severe mustard airway disease. METHODS:
This study was performed over the course of 12 months on 20 subjects with severe mustard airway
disease (Global Initiative for Chronic Obstructive Lung Disease criteria). Subjects were selected
from the pulmonary clinic of Bagiyatallah Hospital in Tehran, Iran. Body mass index, lung func-
tion, dyspnea, exercise tolerance, HRQOL, sleep quality, and hospitalization measures were as-
sessed before and after NIV treatment. RESULTS: NIV improved HRQOL (P = .03) and sleep
quality (P = .06) in very severe subjects and reduced hospitalizations (P = .003) and exacerbations
(P = .01) in severe subjects. Chest imaging studies showed that these subjects had heterogeneous
airway disease, the main finding of which was bronchiolitis obliterans. CONCLUSIONS: NIV can
be used as an effective new palliative method in the treatment of mustard airway disorders. Subjects
with very severe and severe disease benefitted differently from NIV. Key words: noninvasive venti-
lation (NIV); sulfur mustard; chronic obstructive respiratory disease (COPD); bronchiolitis obliterans.

[Respir Care 2015;60(9):1324—-1329. © 2015 Daedalus Enterprises]

Introduction

Noninvasive ventilation (NIV) is a well-established treat-
ment for chronic hypercapnic respiratory failure in sub-
jects with neuromuscular disease or skeletal deformity.
There is increasing interest in its use for subjects with
chronic respiratory failure due to COPD.!
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A systematic review affirmed that bi-level NIV use in a
selected population of subjects with severe stable COPD
can improve gas exchange, exercise tolerance, dyspnea,
health-related quality of life (HRQOL), and functional sta-
tus while also reducing work of breathing (due to lung
hyperinflation) and hospitalizations.?

Approximately 34,000 presently living Iranians were
exposed to mustard agent during the Iran-Iraq war (1980—
1988), 42.5% of which have respiratory problems. Of those
individuals with respiratory problems, 1% are classified as
severe. Approximately 95% are males who were between
17 and 30 y of age at the time of exposure.? The subjects
enrolled in this study had severe obstructive pulmonary
disease referred to as mustard airway disease, a late com-
plication of mustard gas exposure. Previous pathological
and radiological studies have shown bronchiolitis obliter-
ans*> to be the main airway disease in mustard gas-ex-
posed cases, and imaging studies also indicated other
airway diseases such as bronchiectasis, tracheobron-
chomalacia, and tracheobronchial stenosis.®-® Not surpris-
ingly, sulfur mustard can affect the entire set of conducting
airways and the small airways in particular. Because our
pathological and radiological findings demonstrated that
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mustard airway disease differs significantly from classical
COPD, this study was designed to assess the efficiency of
NIV in this new untested group of subjects with obstruc-
tive pulmonary disease.

Methods

Subject Selection

Twenty subjects with severe mustard airway disease at
the pulmonary clinic of Bagqiyatallah Hospital were en-
rolled between 2005 and 2009. This study was approved
by the human research committee at the Janbazan Medical
and Engineering Research Center. All subjects gave writ-
ten informed consent. Inclusion criteria were: < 75 y of
age, FEV, < 50% of predicted, FEV,/FVC < 0.70, and a
stable clinical state (no exacerbation for 3 months before
initiation of the study). Exclusion criteria were: 15% in-
crease in FEV, after administration (2 puffs) of an inhaled
bronchodilator, any contraindication to NIV such as tra-
cheobronchial stenosis, important comorbidities, or a cur-
rent smoking history.

In addition, chest high-resolution computed tomography
and fiberoptic bronchoscopy of our subjects (from the hos-
pital data set) were evaluated for case selection and to
determine the type of airway disease. The results of arte-
rial blood gas tests were not used as criteria for enrollment.
All subjects received the standard level of pulmonological
care, including inhaled medications, oral N-acetylcysteine
(600 mg every 12 h), and strong encouragement to remain
physically active in addition to antibiotic treatment, sys-
temic steroid treatment, and hospitalization as indicated by
an internist. Prescribed inhalers included fluticasone pro-
pionate/salmeterol (250 g, 2 puffs every 12 h), ipratro-
pium bromide (4 puffs 4 times/d), and salbutamol (2-4
puffs as needed).

Study Design

This study spanned 12 months. After inclusion, subjects
were admitted to the hospital and instructed to use a ven-
tilator overnight and for at least 4 h daily throughout the
entire study period. All subjects were acclimatized to NIV
in the hospital for a period of 7 d. During hospitalization,
subjects were instructed on how to use the NIV equipment
properly, and the ventilator settings were adjusted for com-
fort and maximal gas exchange. After discharge, a general
physician visited all subjects at home, and ICU nurses
visited subjects every week for the first 2 months, every
2 weeks for the second 2 months, and every month for the
remainder of the study to encourage compliance. A tech-
nical assistance telephone number was also provided to all
subjects as a precaution.
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QUICK LOOK

Current knowledge

Noninvasive ventilation (NIV) is first-line treatment for
COPD exacerbations, improving outcomes and reduc-
ing costs. The use of NIV in other disease states has
met with varying degrees of success.

What this paper contributes to our knowledge

In a small group of subjects with mustard agent expo-
sure and obstructive disease, the use of NIV for 4 h
daily and overnight improved health-related quality of
life and sleep quality in those subjects with very severe
mustard airway disease. Subjects with severe mustard
airway disease had reduced hospitalizations and respi-
ratory exacerbations. NIV did not significantly improve
exercise tolerance, pulmonary function, or dyspnea.

Assessments

Personnel blinded to treatment and not involved in the
study analysis performed all physiological measurements.
The following assessments were made at the onset and
conclusion of the study.

Lung and Respiratory Muscle Function. Spirometry
was performed using a constant-volume body plethysmo-
graph (Erich Jaeger, Friedberg, Germany) following the
guidelines of the American Thoracic Society.® Static pul-
monary volumes (residual volume, functional residual ca-
pacity, and total lung capacity) were measured using stan-
dard methods.!® Diffusion capacity was measured by
pulmonary transfer of carbon monoxide.'! Arterial blood
was sampled at the radial artery while subjects were in a
semirecumbent position while they breathed both ambient
air and their usual oxygen flow. P, , P,co ., and pH were
measured via an automated analyzer.

Dyspnea and Exercise Tolerance. Resting dyspnea was
assessed using the visual analog and Borg dyspnea scales.'?
Exercise capacity was assessed by the 6-min walk test
while subjects breathed ambient air.!3

Verbal encouragement was given at definite intervals
during the test. Three practice tests were performed on
each of 2 consecutive d, and the highest value was re-
corded. Arterial oxygen saturation was monitored through-
out the 6-min walk test using a pulse oximeter, and the
lowest value was recorded.

HRQOL. HRQOL was assessed using the Persian trans-
lation of the St George Respiratory Questionnaire.'#
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Sleep Quality. Sleep quality was assessed with the Per-
sian translation of the Pittsburgh Sleep Quality Question-
naire.!>

Hospitalizations. The number and locations of hospital
and ICU admissions and episodes of endotracheal intuba-
tion in the previous 3 y were recorded. These data were
obtained by interviews with the subjects on admission,
from the hospital registry, and by interviews with the sub-
jects’ relatives or general practitioners.

The number of respiratory exacerbations in the previous
3 y was recorded. Exacerbation was defined as a change in
the rate, character, or color of cough and sputum produc-
tion or increased dyspnea requiring medical evaluation.
All hospital admissions, endotracheal intubations, and pul-
monary or extrapulmonary causes of death at 4, 8, and
12 months were recorded.

Treatment Compliance. Time spent on NIV was re-
corded at each visit during the follow-up period. Total
time of ventilator use was obtained from ventilator mem-
ory cards.

Ventilatory Support. The modality of NIV was pres-
sure support ventilation delivered by a BiPAP Pro 2 sys-
tem (Philips Respironics, Murrysville, Pennsylvania) via a
nasal mask (Philips Respironics). The mask was of ade-
quate size to fit each patient’s nose. A one-way circuit was
provided with a plateau exhalation valve to avoid rebreath-
ing.'® The ventilator was set in spontaneous mode at the
maximal tolerated inspiratory positive airway pressure
(IPAP) and at an expiratory positive airway pressure as
tolerated at 4 cm H,O with Bi-Flex modality. Some pre-
cautions for the use of high IPAP were taken that are
specific to our subjects. Many subjects had skin and cor-
neal scarring due to sulfur mustard exposure, nasal mucosa
dryness due to lachrymal canal ligation surgery (to prevent
conjunctiva dryness), or a history of corneal graft surgery.
Furthermore, subjects worried about air leakage through masks
and the potential for corneal injury. As a result, [IPAP was set
mainly according to subject comfort. Low IPAP was used
with prudence first because of our experience and because of
the novelty of our application of NIV. Oxygen was also added
to the mask side port at a flow necessary to achieve a target
oxygen saturation of > 90%.

Body Mass. Body mass index was calculated before and
12 months after starting NIV treatment.

Statistical Analysis
Statistical analysis of all data was performed with the

Wilcoxon signed-rank test, with the level of significance
set at P < .05.
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Table 1.  Baseline Clinical and Physiological Characteristic of the 20
Subjects

Characteristic Values
Age, y 43 *5
BMI, kg/m? 245+ 43
Borg dyspnea scale score 6.1 £ 1.1
Visual analog dyspnea scale score 7.0* 1.5
FEV,, % predicted 25*9
Vital capacity, % predicted 51 %1
TLC, % predicted 108 + 39
RV, % predicted 250 = 120
RV/TLC, % predicted 213 =45
FRC, % predicted 150 = 48
R, % predicted 846.76
Ty co, % predicted 107 =23
Po,, mm Hg 60 =2
Pco,, mm Hg 43+9
pH 7.36 = 0.03
6MWD, m 1774 £ 1.4
PSQI score 13*+4
No. of hospitalizations/y 2115
No. of ICU admissions/y 0.07 = 0.27
No. of intubations/y 0
No. of exacerbations/y 3.1 40

Data are presented as mean +=SD.

BMI = body mass index

TLC = total lung capacity

RV = residual volume

FRC = functional residual capacity

R, = airway resistance

Tyco = transfer factor of the lung for carbon monoxide
6MWD = 6-min walk distance

PSQI = Pittsburg Sleep Quality Index

Results

All subjects were male, with an average age of 43 = 5y
(mean = SD). All 20 subjects completed the 12-month
course of domiciliary NIV. The total duration of NIV use
by each subject was 4 = 1 h/d. Subjects reported a wide
range of adverse effects, with 20% having nasal mask
intolerance that gradually remitted, 25% complaining of
nasal congestion, and 15% complaining of gastrointestinal
distention due to air insufflations. On average, the NIV
setting for IPAP and expiratory positive airway pressure
was 11 = 3 and 4 = 1 cm H,O0, respectively. The baseline
clinical and physiological data are shown in Table 1. Sub-
jects were divided in 2 subgroups of severe (FEV, > 30%
of predicted) and very severe (FEV, < 30% of predicted)
respiratory disease for further analysis (Table 2).

Outcome Measurements
Clinical and physiological assessments of the 2 sub-

groups are listed in Table 2. Figure 1 show radiological
findings.
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Table 2.
predicted) Subjects

Clinical and Physiologic Data Before and After Study in Severe (FEV, > 30% of predicted) and Very Severe (FEV, < 30% of

FEV, > 30 % of predicted (n = 10)

FEV, <30 % of predicted (n = 10)

Clinical and Physiologic Data

Baseline Final P Baseline Final P
BMI, kg/m? 236 5.0 24.0 =49 .38 234 *£4.0 242 £28 .66
Borg dyspnea scale score 6.56 = 0.88 6.22 = 1.48 .60 6.11 = 1.27 522 +1.92 .29
Visual analog dyspnea scale score 6.90 = 0.82 6.60 = 1.04 52 7.54 = 1.69 6.28 = 1.81 .07
FEV,, % predicted 372+74 327x75 .08 189 £ 4.6 232+ 84 .05
Vital capacity, % predicted 59.0 £ 10.6 547 £9.6 34 409 £ 133 45.0 £ 12.7 .29
TLC, % predicted 91.1 £9.8 104.4 = 14.9 .08 117.8 =522 117.8 = 345 .99
RV, % predicted 171.5 £50.3 227.1 =504 .06 305.7 = 130.5 266.0 = 60.7 .55
RV/TLC, % predicted 180.6 = 38.4 211.1 =239 .08 240.4 = 29.0 2423 =395 95
Po,, mm Hg 623 + 134 59.8 £ 11.9 .60 58.1 £ 16.6 56.2 £7.0 .69
O, saturation, % 88.7 4.6 87.1 = 11.1 .59 85.9 £ 8.2 87.3 £3.5 52
Pco,, mm Hg 414+53 403 + 3.5 Al 46.5 + 10.2 46.0 £ 7.5 87
pH 7.37 £ 04 7.35 = 01 44 7.35 =02 7.37 =02 .26
6MWD, m 2222 = 1238 259.1 = 161.3 .53 161.1 = 1284 186.5 = 220.0 .63
S,0, decrease during 6MWT, % 091 = 1.27 1.80 = 1.63 17 6.70 = 10.29 440 = 6.50 41
PSQI score 129 £ 44 12.1 = 4.6 .61 129 =42 11.7 £ 4.1 .06
No. of hospitalizations/y 230 = 1.49 0.30 = 0.67 .00 1.89 = 1.17 1.89 £ 1.7 > .99
No. of ICU admissions/y 0 0.56 = 1.33 0.33 = 1.00 .68
No. of intubations/y 0 0.0 0.0 0.30 = 0.95 .34
No. of exacerbation/y 4.40 = 4.30 1.40 = 2.07 .01 3.00 £ 3.55 2.13 =£2.53 27
SGRQ score
Symptom 81.4 = 13.5 79.6 = 13.2 .76 759 9.8 63.5 £ 10.3 .02
Activity 88.2 x 11.7 91.1 £ 12.2 34 86.0 = 11.9 80.7 £ 14.7 18
Impact 783 £ 154 727 £ 17.2 45 72.8 £ 143 64.9 £ 14.7 49
Total 81.5 = 10.9 79.5 £ 10.7 .66 76.8 £ 11.5 69.3 £ 10.3 .02
Data are presented as mean * SD.
BMI = body mass index
TLC = total lung capacity
RV = residual volume
6MWD = 6-min walk distance
6MWT = 6-min walk test
PSQI = Pittsburg Sleep Quality Index
SGRQ = St George Respiratory Questionnaire
70 Our radiological findings illustrated that our subjects’ dis-
__ 60 ease was distinct from classical COPD. We therefore as-
& 50 sessed the efficacy of NIV in this particular group of sub-
§ 40 jects with obstructive pulmonary disease.
g 30 We found that NIV improved HRQOL and sleep quality
® 20 in subjects with very severe mustard airway disease (ac-
10 cording to GOLD criteria) and decreased hospitalizations
Air Bronchiectasis Tracheomalacia Bronchomalacia Centrilobular and respiratory exacerbations in subjects with severe mus-
trapping nodule

Fig. 1. Inspiratory and expiratory thoracic high-resolution com-
puted tomography imaging findings of subjects.

Discussion

This is the first study to evaluate the role of domiciliary
NIV for subjects with severe obstructive pulmonary dis-
order due to late complications of sulfur mustard exposure.
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tard airway disease. However, NIV did not significantly
improve exercise tolerance, pulmonary function, or dys-
pnea. The results of subgroup analysis indicated that sub-
jects with very severe disease (according to GOLD crite-
ria) and severe disease had benefited differently from NIV.

Some studies (12 weeks to 2 y in duration) have shown
that NIV treatment leads to a significant improvement in
HRQOL.!7-1® Significant improvements in HRQOL total
scores in studies reported by Garrod et al'® and Meecham
Jones et al'7 were associated with improvements in symp-
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tom components of the scores. We found that improve-
ment in the HRQOL total score was directly related to the
improvement in respiratory symptoms listed in the St
George Respiratory Questionnaire, such as cough, sputum,
wheezing, and dyspnea. When dyspnea was assessed by
the visual analog scale, scores improved in very severe
subjects (baseline of 7.54 = 1.69, final of 6.28 = 1.81,
P = .07), and this result may help support the notion that
improvements in HRQOL are driven by symptom-compo-
nent score improvement.

Crisafulli et al?° showed that NIV improved subjective
sleep quality in subjects with hypercapnic COPD. Simi-
larly, using polysomnography, Krachman et al?' demon-
strated that the beneficial effects of NIV in subjects with
hypercapnic respiratory failure are not solely due to an
improvement in gas exchange but may be more complex,
with other factors potentially having contributing roles.
Our study showed that NIV improved sleep quality
(P = .06) in very severe subjects despite no change in gas
exchange from a higher baseline P, compared with se-
vere subjects. Because better sleep quality is associated
with better HRQOL, the improvements observed here have
important implications for patient care.

Few studies have assessed hospital and ICU admissions,
intubations, and respiratory exacerbations as important out-
comes. Two studies reported reductions in hospital admis-
sions in NIV groups compared with long-term O, therapy
groups, but these reductions failed to reach statistical sig-
nificance.'®-22 Nevertheless, the reduction in hospital stay
was associated with reduced hospital admissions in the
NIV groups. In our study, hospitalizations and respiratory
exacerbations significantly decreased in the severe sub-
group and did not change in the very severe subgroup.
Also, the slight increase in intubations in the very severe
subgroup was related to 2 subjects who were candidates
for lung transplantation, and their disease worsened.

The reduction in hospitalizations due to bi-level NIV
use would presumably translate to reduced health-care ex-
penditures, as has already been demonstrated in the setting
of acute respiratory failure due to COPD exacerbation. We
suspect that this observation is due to the possibility that
positive-pressure ventilation with humidification could aid
airway clearance in subjects with excessive mucus secre-
tion.2> However, our data for hospitalizations have some
limitations because prior 3-y admissions and intubations
are not based solely on the database, and recall bias could
be a problem.

All prior studies evaluating NIV assessed exercise tol-
erance via the 6-min walk test or shuttle walk test and
showed no improvement in the NIV groups,'8:19.24-26 in
agreement with our findings.

Although several NIV studies showed no significant
improvement in gas exchange,!s!921.22 Meecham Jones
et al'7 showed significant improvement in gas exchange,
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but only by using higher inspiratory pressure in subjects
with a higher baseline P o compared with our study.

There are no studies that show FEV, improvement with
NIV, but one study that included residual volume as an
assessment of dynamic hyperinflation reported a signifi-
cant reduction in residual volume after 3 weeks.?” In our
subjects with mustard airway disease, we found that NIV
decreased functional residual capacity and residual vol-
ume non-significantly after 12 months.

A significant reduction in dyspnea was reportedly asso-
ciated with NIV use in some studies, 8192224 but the length
of these studies varied greatly, from 5 d to 2 y.

Our study design was limited by its small sample size
and potential selection bias. Furthermore, this study was
uncontrolled and not blinded to subjects, meaning that the
improvements in cases could be attributed to a placebo
effect. We could not use high IPAP because of a lack of
personnel experience with NIV and its application to mus-
tard airway disease.

The pathophysiology of our subjects’ disease in com-
parison with COPD is critical to understand their differ-
ential responses to NIV. For subjects with mustard airway
disease, NIV can help reduce respiratory exacerbations
and hospitalizations, improve HRQOL, and improve sleep
quality. Mustard airway disease is irreversible, with no
effective treatment, and consists of asthma (excluded from
this study), tracheobronchial stenosis, tracheobronchoma-
lacia, bronchiectasis, bronchiolitis obliterans, and proba-
bly COPD. Sulfur mustard can affect the entire set of
conducting airways and the small airways in particular.
Radiological examination showed that our subjects had
complex manifestations of these airway diseases (except
tracheobronchial stenosis, which was excluded from this
study because it is a contraindication for NIV). Air trap-
ping, a marker of small airway disease and bronchiolitis,
was the most common finding in chest high-resolution
computed tomography, followed by centrilobular nodules
suggestive of bronchiolitis obliterans. To the best of our
knowledge, there has been no study on the efficacy of NIV
in small airway disease and bronchiolitis. We hypothesize
that NIV could be useful for many conducting airway
diseases, including small airway disease.

Conclusions

In summary, our results showed that subjects with very
severe mustard airway disease and respiratory failure and
those with severe disease experienced different NIV ben-
efits. In subjects with very severe disease and respiratory
failure, NIV improved HRQOL and sleep quality, whereas
in subjects with severe disease, it reduced exacerbations
and hospitalizations. Chest imaging studies showed that
these subjects had heterogeneous and complex airway dis-
eases, the main finding of which was bronchiolitis oblit-
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erans. Therefore, it can be assumed that the different treat-
ment efficacy of NIV could be related to the different
severity of airway obstruction or different pathology of
mustard airway disease compared with COPD, although
this hypothesis requires further exploration and elabora-
tion.
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