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Abstract

Introduction: Hemoptysis is one of the mustard exposed patients’ symptoms. Data from one study on survivors of Sulfur Mustard attacks during
World War I had revealed an increased rate of lung cancer among them. Aim of this study was to determine lung HRCT and fluorescence
bronchoscopy findings in mustard exposed patients with hemoptysis.
Materials and methods: In this cross-sectional study we evaluated 98 patients with protracted hemoptysis in association with history of single
exposure to SM. For this mean we used different lung cancer screening tools including HRCT, bronchoscopy (WLB and fluorescence) and pathology
(bronchial lavage cytology and biopsy).
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esults: Mean time of exposure to SM among cases was 15.5 ± 4.3 (mean ± S.D.) years ago. Mean age of studied patients was 48.3 ± 8.2 years. No
nding had been found supporting the malignancy in any of cases via imaging and pathological evaluations. Cytological investigation of bronchial

avage for TB (staining and culture) and/or malignancy in all cases was negative. Pathology findings of specimens were: 9% normal, 83% chronic
nflammation and 8% squamous metaplasia.
onclusion: Though our findings are in accordance to other studies which are conducted by other Iranian researchers so far, we cannot overlook

he risk of lung cancer among SM patients in future. In conclusion, hemoptysis per se in acutely exposed SM patients could not be considered as
valuable evidence of lung malignancy and it is more likely due to other pathologies of respiratory system in SM patients and close monitoring
f these patients for early detection of any kind of malignancy is suggested.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Sulfur Mustard (SM), a well-known chemical weapon, has
een widely used by Iraqi ex-regime against Iranian troops and
ivilians between 1980 and 1988 (Security Council of the United
ations Document, 1986). Besides the vast acute casualties,

requent use of this agent resulted in chronic illnesses and dis-
bilities among survivors (Khateri et al., 2003). It is shown
hat respiratory involvement is the main long consequence of
xposure to SM (Ghanei et al., 2003). Common clinical man-
festations of lung involvement in SM patients include cough,
hortness of breath and sputum (Emad et al., 1995).

In addition to these three pulmonary symptoms, hemoptysis
as also been reported in SM injured patients (Bijani et al., 2002).
ince previous studies have shown an increase rate of malig-

∗ Corresponding author. Tel.: +98 21 8053770; fax: +98 21 8040106.
E-mail addresses: m.ghanei@bmsu.ac.ir, mghanei@excite.com

M. Ghanei).

nancy in SM patients (Easton et al., 1988; Beebe, 1960; Case
and Lea, 1955), this symptom is usually distressing and raises
both physicians and patients concern about possible underlying
malignancies in these cases (Hirshberg et al., 1997).

Indeed SM has definite mutagenic and carcinogenic effects;
it has been reported as a risk factor for occupational lung cancers
(Weiss and Weiss, 1975; Easton et al., 1988; Wadaa et al., 1968).
So tumor screening in SM patients especially if they have warn-
ing symptoms like hemoptysis is very important. In this regard,
we examined the application of the latest screening tools for
lung cancer; “fluorescence bronchoscopy” and “Chest HRCT”,
in Iraq–Iran war’s SM injured cases complaining of protracted
hemoptysis.

2. Methods and materials

Based on a descriptive study, from 2000 to 2003 (on average 15 years after
chemical attacks), 98 patients with documented exposure to SM and history of
hemoptysis were evaluated for early evidences of lung cancer.

382-6689/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.etap.2005.12.009
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2.1. Inclusion criteria

(a) Documented chemical exposure by military health services. Exposure in
this study was defined as a single, high-dose exposure to a chemical agent
that causes permanent respiratory disability in exposed people.

(b) Association of patient’s medical records (e.g. patient hospitalization after
exposure).

2.2. Exclusion criteria

All previous diagnosed patients with lung cancer, suspected cases of pneu-
monia or acute infective bronchitis, diagnosed patients with bleeding disorders
and patients with unstable angina or uncontrolled hypertension.

2.3. HRCT

Each HRCT examination consisted of five 1.0-mm collimation images
obtained during both deep inspiration and full expiration, respectively, with
the patient lying in a supine position. Non-contrast images were obtained. The
HRCT scans were reviewed by two radiologists and two pulmonologists. The
only data available to the HRCT reviewers were patient’s age, sex and history
of exposure to SM. The inspiratory images were assessed for the presence of
bronchiectasis and the expiratory images were also assessed for the presence
and lobar distribution of air trapping. To determine the overall frequency of
each lesion and prevalent lobar involvement, we analyzed HRCT findings based
on the lesion type in total number of lobes in all patients.

2.4. Bronchoscopy and biopsy
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Table 1
Chest HRCT findings in 50 patients 15 years after documented exposure to SM

Finding Frequency (%)

Air trapping 76
Bronchiectasis 74
Mosaic parenchymal attenuation (expiratory) 72
Dilated irregular trachea and major airways 66
Bronchial wall thickening 90
Interlobular septal thickening 26

Table 2
White light bronchoscopy results

Finding Frequency (%)

Normal mucosa 4.1
Erythema and inflammation 65
Granulma 4
Local bleeding 10
Mucosal vascular congestion 11
Mucosal thickness 12
Suspicious neoplastic mucosa No case

Table 3
Fluorescence bronchoscopy results

Finding Frequency (%)

Normal mucosa 68.1
Suspicious mucosa 31.9

time of exposure to SM among cases was 15 ± 1.4 years ago
(13–19 years). Most of cases (93.9%) had only once exposure
to SM, only 4.4 and 1.7% of cases reported twice and thrice
exposure, respectively. Seventy-nine percent of patients had the
history of skin blisters, 26% of eye lesions and visual disor-
ders and 92% of patients were hospitalized due to SM exposure
just after accident. In radiological evaluation (CX-ray and Chest
HRCT) no finding had been found supporting the malignancy in
any of the cases. Chest HRCT findings are indicated in Table 1.
The results of WLB and FB are shown in Tables 2 and 3. Cyto-
logical investigation of bronchial lavage for TB (staining and
culture) and/or malignancy in all cases was negative. Pathology
findings of specimens were: 9% normal, 83% chronic inflam-
mation and 8% squamous metaplasia.

Table 4 shows comparison between FB findings and pathol-
ogy results; color alteration was observed in 25% of normal
tissues, 32% of inflammatory mucosa and 60% of squamous
metaplasia that means probability of reddish brown light reflec-

Table 4
Comparison between FB and pathology findings

FB findings Pathology findings (%) Total (%)

Normal Chronic
inflammation

Squamous
metaplasia

Normal mucosa 6 57.5 3 66.5
S

T

Performance of fluorescence bronchoscopy was started by inhalation of
00 mg of 5-ALA diluted in 5 ml NaCl 0.9% by a conventional jet nebulizer
or a homogenous deposition with a dose of 60 mg in 2.5 ml NaCl 0.9%. The
atients underwent fluorescence bronchoscopy 90–120 min after inhalation of
LA. All procedures were performed by one bronchoscopist assisted by an

xperienced nurse. After applying topical anesthesia (Lidocaine, aerosolized)
o the patient’s nasopharynx and larynx. Approximately 5 ml of 1% lignocaine
elly was instilled into each nostril and then the patient was sedated with small
ncremental doses of IV midazolam until judged to be lightly asleep. During the
rocedure, patients were given supplemental oxygen at a rate of 3 l/min through
asal prongs directed into the mouth and monitored for oxygen saturation, pulse
ate and possible arrhythmias. Alarms were set to go off if the saturation fell
elow 90% or if the pulse was below 55 or above 130. Supplemental oxygen
as continued until the patient was awake following the procedure.

The flexible fiberoptic bronchoscopy (FFB) was performed using the
ransnasal route. Routine administration of sedatives or anxiolytics was avoided,
ut IV midazolam was administered during FFB if deemed necessary by the
ronchoscopist to improve patient comfort and tolerance of the procedure. In
ur institution, most bronchoscopies are performed without premedication other
han topical anesthesia.

At first, white light bronchoscopy (WLB) was used to investigate the tra-
heobronchial tree. In this phase, normal and abnormal regions were defined.
rythematouse mucosa, inflammation, granulma tissues and hyperplasia were
onsidered as non-specific abnormalities, while regions with irregularity or
hickness in bronchial mucosa were considered as suspicious neoplastic regions
dyspalsia/carcinoma in situ) (Haubinger et al., 1999).

During fluorescence bronchoscopy, regions with green light reflects were
onsidered as “Normal Mucosa” while light brown to dark reddish brown reflec-
ion lights were considered as “Suspicious Mucosa” (Lam and McLean, 1990),
nd biopsies were took from these areas. In addition, bronchial lavage was done
efore taking biopsies. All specimens were sent to an expert pulmonary pathol-
gist in one hospital center.

. Results

The mean age of the investigated patients was 38 ± 9 years
23–81 years). 97 patients were male and 1 was female. Mean
uspicious mucosa 1.5 27.5 4.5 33.5

otal 7.5 58 7.5 100
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tion is three times more in squamous metaplasia than other
conditions (p < 0.05).

4. Discussion

As our findings confirm, the dominant pulmonary pathology
in SM patients with latent hemoptysis is a chronic inflammatory
process, and after 15 years of exposure to SM no finding has
been found in favor of malignancy in them. Our findings are in
accordance with other recent large scale studies on Iranian SM
injured cases which could not show an increase risk of malig-
nancy in them so far (Ghanei et al., 2003). However, there is
one report of increased risk of lung cancer in acutely mustard
exposed veterans of World War I (Norman, 1975). This study
was published nearly 60 years after exposure of veterans to SM.
And maybe, like any kind of cancer, represents the important
role of time needed to evolve detectable malignancy.

Nearly all other studies, which have shown increased lung
cancer in human due to SM exposure, have mainly focused
on chronically SM exposed individuals (e.g., Japanese factory
workers). Those patients certainly had received a remarkable
dose of SM at work.

We are not aware about the mustard dose received by our
patients or WWI veterans. Most of our patients had only one
exposure to SM, however as Zarchi and Holakouie Naieni (2004)
have described in their reports; frequency of gas exposure is not
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ssociated with a significant rise in the risk of lung injury and this
ay be explained by ambient gas concentrations and duration

f exposure and temperature. However, skin symptoms, after
xposure in our patients, shows that they had received patholog-
cal level of mustard. Whether this was not enough to switch on
arcinogenesis process in them or anti-tumor mechanisms could
verwhelm cancerous changes; it is hard to answer this question
t the moment.

As it was mentioned earlier we found out that the pathol-
gy behind hemoptysis in SM patients is a chronic inflamma-
ory process within airways. Moreover, our radiological find-
ngs (bronchiectasis, air trapping in expiration and inspiratory
osaic parenchymal attenuation) are pointing us to the diagno-

is of Bronchiolitis Obliterans (Skeens et al., 1989). So far two
esearchers have reported occurrence of BO after acute expo-
ure to SM (Thomason et al., 2003; Dompeling et al., 2004).
hese findings are in accordance with the belief that the main
cenario after irritant gas inhalation is BO (Bronchiolitis Obli-
rans) or BOOP, though the exact nature of the disease is not
ully understood (Shusterman, 1999). So, we think that it is rea-
onable to correlate the hemoptysis in our patients to existence
f BO (Mroz et al., 1997).

Finally, we conclude that hemoptysis in acutely exposed SM
atients could not be considered as a valuable evidence of lung
alignancy, however we cannot deny the need for tumor detec-

ion in SM patients with hemoptysis.
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