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Abstract: Chronic bronchitis is the most frequent late respiratory disease among Iranians exposed to mustard gas during
the Iraq-Iran war. The aim of this study was to investigate efficacy of oral and intravenous corticosteroid therapy in
improving lung function in mustard gas induced chronic bronchitis patients. 65 mustard gas-exposed chronic bronchitis
patients, who were not responsive to standard treatments in exacerbation occasions, were randomly divided into two
groups: an intravenous group (39 patients) receiving 500 mg intravenous methylprednisolone daily, and an oral group (26
patients) receiving 1 mg/kg oral prednisolone daily. Corticosteroid was tapered over the study period in both groups.
Spirometery was performed on admission and on day 8 of therapy for assessment of effectiveness of therapy. There was
significant improvement in spirometery indexes of both groups in approximately half of the patients over the study period.
Furthermore, there was no difference between the pulse corticosteroid versus oral corticosteroid therapy in these patients.
Since short-term corticosteroid therapy has a significant effect on lung function of almost fifty percent of patients with
mustard gas-induced chronic bronchitis in exacerbation occasions, we suggest a short-term bolus steroid treatment to
triage the patients into responders and non-responders for subsequent treatment.

Mustard agents are alkylating agents, which cause acute
and chronic effects on different organs following exposure
(Ghanei et al. 2003). Mustard gas was employed widely by
Iraqi forces against Iranians during the Iraq-Iran war (UN
1986), which led to disorders among exposed individuals
mainly in respiratory system, skin and eye (Khateri et al.
2003). Thousands of Iranians are suffering from late respir-
atory complications of mustard gas exposure (Khateri et al.
2003). Chronic bronchitis, asthma and bronchiolitis obliter-
ans account for the most frequent long-term respiratory
diseases in these patients (Emad & Rezaeian 1997; Thoma-
son et al. 2003; Ghanei et al. 2004). Despite some differ-
ences between asthma and chronic bronchitis in pathologi-
cal features causing air flow obstruction, some studies have
shown that corticosteroids should be as effective in some
exacerbated chronic bronchitis patients as they are in most
asthmatic patients. There is some evidence suggesting that
steroids are effective in acute exacerbation of chronic ob-
structive pulmonary disease and can increase the patients’
FEV1 considerably more than non-treated patients with
steroids (Albert et al. 1980; Murata et al. 1990; Davies et al.
1999; Niewoehner et al. 1999; Fein & Fein 2000). However,
according to reports from some investigators, their use in
exacerbation of chronic obstructive pulmonary disease re-
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mains controversial (Eliansson et al. 1986; Emerman et al.
1989).

The aim of this study was to investigate whether cortico-
steroid therapy would be effective in improving lung func-
tion of patients with mustard gas-induced chronic bron-
chitis or not. Furthermore, we wanted to determine if the
effect of intravenous pulse corticosteroid therapy is superior
to that of oral administration. The need for such research
is emphasized by the fact that there is no investigation on
the role of corticosteroids on exacerbation of mustard gas-
induced chronic bronchitis.

Materials and Methods

Patients and groups. This randomized clinical trial study was carried
out over a period of 6 months (between April 2002 and November
2002). One investigator took a detailed medical history and exam-
ined patients on admission.

Sixty-five patients with mustard gas-induced clinical history of
chronic bronchitis, determined by the American Thoracic Society
(ATS) criteria (ATS statement 1995; Pauwels et al. 2001), who were
referred to the Emergency Department of the Sasan and Baqyatal-
lah Hospitals (the referral centers for chemically injured cases) were
enrolled in this study. The patients had documented exposure to
mustard gas during the Iran-Iraq war, certified by veteran’s affairs
(Janbazan) organization. None of these patients had other causative
factors such as cigarette smoking, occupational exposition and a-
1-proteinase inhibitor deficiency which could be responsible for the
development of chronic obstructive pulmonary disease.

According to documented FEV1 results, the patients did not re-
spond to high dose of inhaled corticosteroids and bronchodilators.
We excluded patients if they had personal or family history of
asthma before the exposure to mustard gas (defined as episodic
wheezing or dyspnoea that rapidly improved with treatment), atopy,
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Table 1.

Response to treatment in both intravenous and oral groups.

Complete response Partial response No response
% (N) % (N) % (N) Total

Intravenous group 15.4 (6) 28.2 (11) 56.4 (22) 39
Oral group 11.5 (3) 34.6 (9) 53.8 (14) 26
Total 13.8 (9) 30.8 (20) 55.4 (36) 100 (65)

allergic rhinitis, or nasal polyposis, uncontrolled left ventricular
failure, or received intravenous or oral corticosteroids within a
month before admission. Written consent was obtained from all
participants. The study protocol was approved in the ethical com-
mittee of our research center.

Therapy. The 65 patients were randomly divided into two groups.
Thirty-nine of the patients were enrolled in the intravenous group,
and 26 into the oral group. The duration of the therapy was from
the time of admission to the time of discharge (8 days). Both groups
of patients received standard treatment on admission, including
antibiotics (except those with antiinflammatory effect, e.g. macro-
lide) when indicated (the presence of increased dyspnoea, sputum
volume and sputum purulence), Felixotide 2 puffs (125 mg/puff)
twice a day, 2 puffs Servent (125 mg/puff) twice a day and controlled
oxygen therapy.

The patients in the intravenous group received 500 mg methyl-
prednisolone in 250 ml normal saline serum infusion over 2.5 hr.
After 3 days the dose was reduced to 250 mg. Treatment continued
until the 6th day. On days 7 and 8 they took 150 mg and 100 mg
prednisolone, respectively. In the oral group, 1 mg/kg oral pred-
nisolone per day was given instead of pulse methylprednisolone, and
then the dosage was gradually reduced.

Treatment assessment. Spirometry was performed before and after
inhalation of long acting b-2 agonist on admission and on day 8
of therapy, using a portable spirometer (Jaeger) according to the
established ATS criteria (ATS Update 1987). This included meas-
urements of forced expiratory volume in one second (FEV1), forced
vital capacity (FVC) and peak spirometry flow (PEF). Airflow
measurements were compared with normal predicted values. During
each session, a minimum of two forced flow-volume loops of good
quality were obtained. If the FEV1 and FVC values were not within
10% of one another an additional measurement was taken. The
flow-volume loop with the best FEV1 and FVC was used. Response
to treatment was defined as �15% increase in FEV1, while no re-
sponsive treatment was defined as FEV1 rise less than 15%. Among
patients responsive to corticosteroid therapy, those who reached
normal spirometry were categorized as complete response, and
those who did not reach normal PFT were categorized as partial
response to therapy, while increase in PFT indices less than 15%
was defined as unresponsiveness group.

Statistical analysis. Data from this study was analyzed using paired
t-test to compare spirometry findings before and after treatment,
and t-test to compare responsiveness to treatment in the intravenous
and oral groups. A value of P�0.05 was taken to indicate statistical
significance. All data are reported as mean∫S.D.

Table 2.

Comparison of PFT indices between the intravneous and oral groups, before and after therapy.

Before treatment After treatment

FVC FEV1 PEF FVC FEV1 PEF

Intravenous group 67.4∫9.9 50.2∫18.4 50.0∫22.3 76.2∫14.6 59.0∫18.7 55.7∫19.8
Oral group 74.1∫28.1 74.8∫25.5 74.1∫33.4 80.5∫25.7 82.2∫24.1 80.9∫26.5

Results

This study was conducted on 39 intravenously and 26 orally
treated patients. The mean ages (∫S.D.) were 38.4∫9.9
years for the intravenous and 38.2∫6.9 for the oral group.
The average time lapse from injury was 14.2∫2.1 and
14.5∫3.2 years for the intravenous and oral groups respec-
tively. Table 1 illustrates the overall response to cortico-
steroid in both the intravenous and oral groups. As can be
seen, half of the patients showed complete or partial re-
sponse, while the rest did not respond to corticosteroid
therapy.

Nevertheless, the spirometry indices were not significant-
ly different between the intravenous and oral groups before
and after the therapy (table 2). This result is further con-
firmed by comparing the amount of change (improvement)
in spirometry indices following the therapy between the in-
travenous and oral groups. As shown in table 3, from a
statistical point of view, no priority has been seen for pulse
corticosteroid therapy over the oral corticosteroid adminis-
tration in exacerbation of chronic bronchitis.

Discussion

Since the latter half of the twentieth century, corticosteroids
have been used to improve the airflow obstruction seen in
acute deterioration of chronic obstructive pulmonary dis-
ease. However, this has been controversial, as some studies
have demonstrated that corticosteroids can significantly im-
prove the symptoms and lung function of patients within
12 hr of treatment (Niewoehner et al. 1999). Contradictory
data suggest that corticosteroids do not improve the pa-
tients’ lung function and symptoms (Emerman et al. 1989).
The results of the present study show that short-term intra-
venous pulse or oral corticosteroid therapy has a statisti-
cally significant effect on the lung function of patients with
mustard gas-induced chronic bronchitis in exacerbation oc-
casions. However, there was no considerable difference be-
tween the two groups in the variation of spirometry indexes.
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Table 3.

Comparison of changes (improvement) in PFT indexes between case
and control groups.

FVC (%)* FEV1 (%)* PEF (%)**

Intravenous group 19.5∫33.2 25.9∫45.6 26.9∫66.3
Oral group 11.0∫41.0 14.8∫30.6 18.7∫37.3

*PΩ0.3, **PΩ0.5.

On the other hand, after evaluation of the responsiveness
to corticosteroid therapy in these patients, considerable di-
agnostic conclusions can be drawn. According to the re-
sults, complete and partial response to pulse and oral corti-
costeroid therapy was observed in 13.8% and 30.8% of the
both groups respectively, while no response was seen in the
rest of these patients (55.4%) in exacerbations of chronic
bronchitis.

Previous studies have shown the presence of chronic
bronchitis in the majority of patients exposed to mustard
gas (Emad et al. 1997; Bijani & Moghadamnia 2002). In the
present study, the different response can be attributed to
accompanying pulmonary disorders, such as asthma (Emad
et al. 1997) and bronchiolitis obliterans (Thomason et al.
2003; Ghanei et al. 2004) observed in mustard gas-exposed
patients suffering from late respiratory complications of ex-
posure.

It has been demonstrated that the inflammatory process
in chronic bronchitis is considerably different from that in
asthma, with different inflammatory cells, mediators, in-
flammatory effects and response to therapy. Airway in-
flammation in asthma, characterized by an eosinophilic in-
flammation affecting all the airways but not lung paren-
chyma, is linkedto airway hyperresponsiveness (Barnes
1996 & 2000). In chronic obstructive pulmonary disease,
there is a predominantly neutrophilic inflammation in the
airways (Keatings et al. 1997; Culpitt et al. 1999). Paren-
chymal destructionis an important irreversible feature
which leads to airflow obstruction through dynamic com-
pression. The eosinophilic inflammation inasthma is mark-
edly suppressed by corticosteroids, but they have little or
no appreciable effect on the inflammation in chronic ob-
structive pulmonary disease, consistent with the failure of
long-term corticosteroids to alter the progression of the dis-
ease (Keatings et al. 1997; Culpitt et al. 1999). Therefore,
complete response to corticosteroid treatment in 13.8% of
our patients indicates the presence of an asthmatic pattern.
These patients can be defined as having chronic asthmatic
bronchitis, which was also pointed out in a previous study
(Hosseini et al. 1999). Relative response in 30.8% of our
patients can be attributed to airway hyperresponsiveness
and bronchospasm which were previously observed in
chronic obstructive pulmonary disease patients (Sohrabp-
our & Maleki 1988; Nefedov & Shergina 2000). As reported
in a recently performed study, the presence of more than
25% air trapping in chest high resolution CT scans of a
great number of mustard-exposed patients was considered
suggestive for bronchiolitis obliterans (Ghanei et al. 2004).

Accordingly, 50% failure in response to treatment may be
attributable to the presence of bronchiolitis obliterans,
along with chronic bronchitis.

From a practical point of view, we conclude that short-
term bolus steroid treatment can triage patients into re-
sponders and non-responders for subsequent treatment
with corticosteroids. Since the intravenous pulse of cortico-
steroid showed no benefit over the oral corticosteroid, the
latter is preferred for, given the side effects of pulse cortico-
steroid. However, follow-up studies of these patients are
needed to confirm the predictive value of short-term
therapy.

References

Albert, R. K., T. R. Martin & S. W. Lewis: Controlled clinical trial
of methylprednisolone in patients with chronic bronchitis and
acute respiratory insufficiency. Ann. Intern. Med. 1980, 92, 753–
758.

American Thoracic Society: Standardization of spirometry – 1987
update. Amer. Rev. Respir. Dis. 1987, 136, 1285–1298.

A.T.S. Statement: Standards for the diagnosis and care of patients
with COPD. Amer. J. Respir. Crit. Care Med. 1995, 152, S77–
S120.

Barnes, P. J.: Mechanism of action of glucocorticoids in asthma.
Amer. J. Respir. Crit. Care Med. 1996, 154 (Suppl.), 21–27.

Barnes, P. J.: Mechanisms in COPD differences from asthma. Chest
2000, 117, 10–14.

Bijani, Kh. & A. A. Moghadamnia: Long-term effects of chemical
weapons on respiratory tract in Iraq-Iran war victims living in
Babol (North of Iran). Ecotoxicol. Environ. Saf. 2002, 53, 422–
424.

Culpitt, S. V., J. A. Nightingale & P. J. Barnes: Effect of fluticasone
propionate on induced sputum matrix metalloproteinases and
tissue inhibitors of metalloproteinases in patients with COPD.
Amer. J. Respir. Crit. Care Med. 1999, 160, 1635–1639.

Davies, L., R. M. Angus & P. M. A. Calverley: Oral corticosteroids
in patients admitted to hospital with exacerbations of chronic
obstructive pulmonary disease: a prospective randomized con-
trolled trial. Lancet 1999, 354, 456–460.

Emad, A. & A. Rezaeian: The diversity of the effects of sulfur mus-
tard gas inhalation on respiratory system, 10 years after a single
exposure: analysis of 197 cases. Chest 1997, 112, 734–738.

Emerman, C. L., A. F. Connors, T. W. Lukens, M. E. May & D.
Effron: A randomized controlled trial of methylprednisolone in
the emergency treatment of acute exacerbation of COPD. Chest
1989, 95, 563–567.

Eliasson, O., J. Hoffman, D. Trueb, D. Frederick & R. McCormick:
Corticosteroids in COPD. A clinical trial and reassessment of the
literature. Chest 1986, 89, 484–490.

Fein, A. & A. M. Fein: Management of acute exacerbations in
chronic obstructive pulmonary disease. Curr. Opin. Pulm. Med.
2000, 6, 122–126.

Ghanei, M., J. Aslani, Sh. Khateri & K. Hamadani Zadeh: Public
health status of civil population of sardasht 15 years following
large scale wartime exposure to sulfur mustard. J. Burn Surg.
Wound Care 2003, 2, 1–7.

Ghanei, M., M. Mokhtari, M. Mir Mohammad & J. Aslani:
Bronchiolitis obliterans following exposure to sulfur mustard:
chest high resolution computed tomography. Eur. Radiol. 2004,
52, 164–169.

Hosseini, K., S. Alavi & A. R. Abedi: Reversibility of airflow ob-
struction in chronic obstructive pulmonary disease secondary to
sulfur mustard gas injury. Arch. Iranian Med. 1999, 2, 178–180.

Keatings, V. M., A. Jatakanon, Y. M. Worsdell et al: Effects of
inhaled and oral glucocorticoids on inflammatory indices in



305CORTICOSTEROID ON MUSTARD GAS BRONCHITIS

asthma and COPD. Amer. J. Respir. Crit. Care Med. 1997, 155,
542–548.

Khateri, S., M. Ghanei, S. Keshavarz, M. Soroush & D. Haines:
Incidence of lung, eye and skin lesions on late complications in
34000 Iranian with wartime exposure to mustard agent. J. Occup.
Environ. Med. 2003, 45, 1136–1143.

Murata, G. H., M. S. Gorby, T. W. Chick & A. K. Halperin: Intra-
venous and oral corticosteroids for the prevention of relapse after
treatment of decompensated COPD. Chest 1990, 98, 845–849.

Nefedov, V. B. & E. A. Shergina: Role of bronchospasm in develop-
ment of bronchial obstruction in chronic bronchitis. Ter Arkh
2000, 72, 57–59.

Niewoehner, D. E., M. L. Erbland, R. H. Deupree et al.: Effect of
systemic glucocorticoids on exacerbation of chronic obstructive
pulmonary disease. New Engl. J. Med. 1999, 340, 1941–1947.

Pauwels, R. A., A. S. Buist, P. M. A. Cleverly, C. R. Jenkins & S.

S. Hurd: NHLBI /WHO Global initiative for chronic obstructive
lung disease (GOLD)Workshop summary. Global strategy for
the diagnosis, management, and prevention of chronic obstruc-
tive pulmonary disease. Amer. J. Respir. Crit. Care Med. 2001,
163, 1256–1276.

Sohrabpour, H. & M. Maleki: Air way hyperactivity in mustard gas
victims with normal spirometry. Proceeding of the Sixth Annual
Congress on Chronic Complications of Mustard Gas. Tehran,
Iran, 1988, astract no. 10.

Thomason, J. W. W., T. W. Rice & A. P. Milstone: Bronchiolitis
obliterans in a survivor of chemical weapons attack. JAMA 2003,
290, 598–599.

U.N. Report of specialists appointed by the secretary general to
investigate allegations by the Islamic Republic of Iran concerning
the use of chemical weapons. New York Security Council of
United Nations document S/16433/1986.


