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Airborne Hazards Related to Deployment

INTRODUCTION

	 •	 shortness of breath, 
	 •	 asthma,1,2,5–8 

	 •	 eosinophilic pneumonia,9 and 
	 •	 small airway disease.10 

Many soldiers became symptomatic during deployment. 
However, a larger number became symptomatic following 
deployment.2,10

Surveys of soldiers returning from OEF/OIF estimate that 
69% of personnel reported respiratory symptoms associated 
with deployment.7  Based on the International Classification 
of Diseases, Ninth Revision, Clinical Modification coding, 
Abraham et al11 showed that a large number of these cases 
may be from obstructive lung disease (asthma and bron-
chitis). Their methods relied on coding and did not require 
supportive data, such as pulmonary function testing (PFT), 
X-ray films, or exercise testing that may offer more specific 
definition of the disorders. The Millennium Cohort Study 
(MCS) surveyed 46,000 soldiers and found an increased 
incidence of respiratory symptoms among soldiers who had 
been deployed versus those who had not been deployed. 
However, the differences that investigators initially noted be-
tween deployed versus nondeployed soldiers within the MCS 
could not be explained by an increased incidence of asthma, 
bronchitis, or emphysema.4 The MCS findings suggest that 
there may be other respiratory disorders contributing to the 
high incidence of respiratory complaints.

Clearly, there is a high incidence of respiratory disorders 
associated with Middle East deployment. Although many 
individuals returning from service in the Middle East have 
respiratory disorders that meet criteria for specific diagnoses, 
a significant number of service members returning with 
symptoms have been more difficult to characterize.

More than 2 million US service members have been de-
ployed to the Middle East since 2001, including Operation 
Enduring Freedom (OEF) beginning in 2001 and Operation 
Iraqi Freedom (OIF) beginning in 2003. Service members 
participating in both conflicts experienced a variety of in-
halational exposures. Some exposures, such as dust storms, 
were related to climate and location. Other inhalational 
exposures were associated with mission-oriented settings, 
including battlefield smoke, burning solid waste, burning 
oil, diesel exhaust, etc. There were still other exposures that 
were unique to specific countries, regions, and events. These 
unique exposures may have been limited in duration and 
scope, but frequently impacted large numbers of service 
members. 

Inhalational exposures associated with service in Iraq and 
Afghanistan have received a lot of attention because of the 
number of troops involved and the high incidence of respi-
ratory complaints linked to service. Reports of respiratory 
symptoms were common among service members deployed 
to Operation Desert Storm in the 1990s and more recently 
in soldiers returning from Iraq and Afghanistan. Epidemio-
logical studies in the United States, England, and Australia 
have documented an increased incidence of respiratory 
disorders in soldiers who served in the Middle East versus 
soldiers deployed elsewhere. A 2009 study of 46,000 military 
personnel described increased respiratory symptoms among 
service members functioning in inland settings versus shore 
environments.1–4 

Deployments to Iraq and Afghanistan have been associ-
ated with a spectrum of respiratory complaints, including 

	 •	 cough, 
	 •	 bronchitis, 

THE MISHRAQ SULFUR MINE FIRE

Approximately 20,000 soldiers from the 101st Airborne 
(Fort Campbell, KY) were deployed to Northern Iraq as 
part of OIF in early 2003. In July 2003, the Mishraq Sulfur 
Mine—located 25 km northeast of Camp Q West and 50 
km south of Mosul Airfield—caught fire. Most of the Fort 
Campbell soldiers resided in the vicinity of the fire. 

Extinguishing the Mishraq Sulfur Mine fire presented 
risks to both civilians and military personnel. The fire burned 
for 1 month and reportedly released 21 million pounds of 
sulfur dioxide (SO2) a day.

12 Sulfur fires, like the Mishraq 
fire, release both hydrogen sulfide (H2S) and SO2. H2S is a 
noxious gas with an odor compared to rotten eggs; it causes 
neuromuscular weakness and, in severe cases, respiratory 
failure. The effects of H2S are believed to be reversible once 

exposure to H2S has ended. SO2 has  an odor compared to 
burning matches and is a potent pulmonary toxin. It is as-
sociated with upper airway irritation, irritant asthma, and 
constrictive bronchiolitis (CB).13 

The US Army collected a limited number of random air 
samples during the fire. More than 50% of the 32 samples 
were above the Army’s maximal standard of 13 parts per 
million (ppm). Some of the concentrations were as high as 
120 parts per million.14 

The health effects of SO2 exposure can manifest at the 
time of exposure or long afterward. Acute effects include 
airway irritation, cough, bronchoconstriction, and wheez-
ing. Asthmatics are particularly sensitive to SO2. Chronic 
effects of SO2 exposure include reactive airways dysfunction 
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syndrome, chronic obstructive pulmonary disease, CB, and 
increased frequencies of acute asthma exacerbations.10,15  

Most of the soldiers deployed with the 101st Airborne 
in early 2003 returned in early 2004. Many deployers re-
turned to Fort Campbell complaining of increased dyspnea 

on exertion and an inability to complete their 2-mile runs 
within regulation time. Standard pulmonary evaluations 
at Fort Campbell’s Blanchfield Army Community Hospital 
failed to reveal a specific cause for the soldier’s exercise 
limitations.

CONSTRICTIVE BRONCHIOLITIS

Fort Campbell’s Blanchfield Army Community Hospital 
began referring patients with exercise limitations to Vander-
bilt University Medical Center in 2004. Vanderbilt providers 
were aware of the increase in respiratory complaints associ-
ated with Operation Desert Storm in 20011,2,5 and reports 
of eosinophilic pneumonia associated with OIF in 2003 to 
2004.9 Patients referred to Vanderbilt, however, did not seem 
to have asthma and did not fit the pattern of eosinophilic 
pneumonia.

Vanderbilt and Blanchfield providers created a protocol 
to evaluate soldiers returning with unexplained shortness 
of breath. The protocols included chest X-ray radiographs, 
high-resolution computerized tomography (HRCT), full 
PFT, and cardiopulmonary exercise testing (CPET). For most 
patients, these studies were normal or near normal and did 
not identify the cause for their exercise limitation. 

Approximately one-half of the soldiers referred under-
went thoracoscopic lung biopsy to better understand the 
cause for their limitation. Performing surgical lung biopsy in 
the setting of normal chest imaging, normal PFT, and CPET 
is unusual. However, at the time of deployment, the majority 
of the soldiers exhibited high levels of physical fitness, and, 
on return, these deployers were incapable of completing a 

2-mile run within regulation time. Exercise limitations per-
sisted, and  service members were declared nondeployable 
and were facing discharge without a compensable diagnosis. 

Lung biopsies appeared to provide an explanation for 
the soldiers’ exercise limitations. In the majority of cases, 
the small airways had features of CB. Several of the biopsies 
had other small airway and/or parenchymal abnormalities, 
including respiratory bronchiolitis, respiratory bronchiolitis 
with interstitial lung disease, nonspecific small airway scar-
ring, and sarcoidosis (Table 14-1).

The pathological characteristics of CB consist of extrinsic 
narrowing of the luminal wall from subepithelial fibrin or 
smooth-muscle deposition in membranous bronchioles. In 
most cases, the remaining portions of the lung parenchyma 
appear normal. All soldiers diagnosed with CB met this case 
definition, but individual variations were noted. There were 
varying degrees of smooth muscle versus fibrin deposition. 
Most, but not all, biopsies had accompanying arteriopathy. 
Many biopsies had associated inflammation noted as inflam-
matory luminal granulation, bronchial-associated lymphoid 
tissue, or respiratory bronchiolitis. Almost all cases had 
peribronchial pigment deposition, the composition of which 
is currently being investigated (Figure 14-1).

TABLE 14-1

HISTOPATHOLOGY OF 65 SERVICE MEMBERS 
UNDERGOING SURGICAL LUNG BIOPSY AT 
VANDERBILT UNIVERSITY MEDICAL CENTER 
BETWEEN 2005–2012  

No.	 Pathological Diagnosis

	52	 Constrictive bronchiolitis
	 4	 Respiratory bronchiolitis
	 2	 Respiratory bronchiolitis with interstitial lung disease
	 2	 Hypersensitivity pneumonitis
	 3	 Sarcoidosis
	 2	 Other

Note: Between 2004–2010, 80 soldiers were evaluated with unex-
plained shortness of breath; 49 of them were referred for video-
assisted thoracoscopic surgery. The majority of them met the criteria 
for constrictive bronchiolitis. Although all of the diagnoses are 
consistent with inhalational causes, the focus is on those soldiers 
who were diagnosed with constrictive bronchiolitis.

Figure 14-1. Peribronchial pigment deposition. (A) Intra-
luminal deposition of fibrin and smooth muscle resulting in 
airway narrowing. (B) Peribronchial pigment deposition. 
(C) Arteriopathy associated with bronchiolar changes.
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The initial suspicion was that the sulfur mine fire was 
the only cause for constrictive bronchiolitis. Over time, 
however, more soldiers presented with exercise limitations 
who had not been exposed to the Mishraq Sulfur Mine fire. 
Twenty-five percent of the original 38 soldiers with CB had 
only the usual exposures and were not exposed to the sulfur 
fire. Vanderbilt investigators have now biopsied 65 soldiers, 
with 52 having CB. More than 50% of those examined had 
the usual exposures associated with deployment and no 
exposure to the sulfur mine fire.10

The diagnosis of CB did not lead to significant changes in 
therapy, but did provide an explanation for symptoms. More 
importantly, soldiers diagnosed with the disorder were able 
to receive disability benefits that would not have been avail-
able without biopsy. Soldiers who have unexplained exercise 
limitation and who do not undergo biopsy typically do not 
receive a rating for their disorder unless another label such 
as asthma is assigned. 

Surgical biopsies of the lung have always been contro-
versial. The controversy for returning service members 
and their providers involves doing biopsies for those with 
symptoms who happen to have normal preoperative studies. 
The procedure is invasive and is associated with a small, but 
real, risk of complications. There is always a question of how 
a positive biopsy will affect clinical management or benefit 

the patient. Clinicians often wonder if there is enough of a 
benefit to justify the risk. They will also consider the pos-
sibility of less invasive approaches for either diagnosis or to 
direct therapy. 

Fort Campbell and Vanderbilt providers felt that biopsies 
were appropriate and in the best interest of the soldiers. 
Biopsies provided an explanation for the patients’ exercise 
limitations. Biopsies also confirmed inhalational injury 
and helped characterize a disorder that had not been previ-
ously described in service members. Biopsy results did not 
usually affect treatment as there are no known treatment 
options for patients with constrictive bronchiolitis. Many 
soldiers were spared treatment with potentially high-risk 
therapy, such as systemic corticosteroids that are not ef-
fective in this disorder. 

At some point, it may be possible to identify this dis-
order without a biopsy. An example is the use of surgical 
lung biopsies for interstitial lung disease. Lung biopsies for 
interstitial lung disease are less common than they were in 
the past. Noninvasive studies, including better serological 
studies and recognizable patterns on HRCT, have allowed 
clinicians to identify disorders such as idiopathic pulmonary 
fibrosis without biopsy. For now, however, the only way for 
soldiers to obtain appropriate compensation for this war-
related injury is histological confirmation.

CLINICAL PRESENTATIONS

Soldiers serving in Iraq and Afghanistan appear to ex-
perience a wide spectrum of respiratory symptoms. Service 
members deployed to Operation Desert Storm had a higher 
incidence of respiratory complaints and asthma-like symp-
toms1–4 that manifested more frequently in postdeployment 
settings.2,10 Service members in both OEF and OIF com-
monly complained of cough upon arrival in the Middle 
East.11 There have been reports of acute respiratory failure 
from eosinophilic pneumonia,9 as well as an increased inci-
dence of asthma among OEF/OIF deployers.8 

All of the soldiers diagnosed with CB had exercise limita-

tions, and most of them also had cough or chest tightness. 
Unexplained exercise limitations and, specifically, an inabil-
ity to complete a 2-mile run within regulation time strongly 
correlated with the presence of CB (in the absence of other 
explanations for such limitations).

Service members typically became symptomatic post-
deployment, with a unique association to restarting their 
training regimens. Two of the Vanderbilt patients diagnosed 
with CB, however, developed acute respiratory distress dur-
ing deployment and later ended up with exercise and PFT 
impairments more severe than other patients.

EVALUATIONS

Providers caring for soldiers with shortness of breath or 
other respiratory symptoms postdeployment should obtain 
a formal occupational exposure history for each deployment. 
Most patients will need standard chest X-ray radiographs 
and full PFT. Methacholine challenge may be helpful in 
screening for asthma, but was usually negative for patients 
diagnosed with CB.10 

CPET appears to be a less-sensitive screening tool for 
small airways disease. Patients with CB appear to have mean 
levels of maximal oxygen consumption and anaerobic thresh-

olds at lower limits of normal; however, many CB patients 
are clearly within normal range (maximal oxygen consump-
tion: 80% of the predicted value; anaerobic threshold: 40% 
of the predicted maximal oxygen consumption). PFT and 
CPET measurements in this cohort were lower than those 
reported for soldiers who had not been deployed (Tables 14-2 
and 14-3).16,17 CPET will be difficult to use as a diagnostic 
screen until better baseline data exist for CPET studies of 
healthy soldiers who have never been deployed. CPET may 
be valuable to monitor for progression in those diagnosed 
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TABLE 14-2

PULMONARY FUNCTION TESTING IN THE 
INITIAL 38 SOLDIERS DIAGNOSED WITH 
CONSTRICTIVE BRONCHIOLITIS*

	 Comparison
	 Group1,2	 Patient†	 p Value

FEV1 (%pred)	 99.1 ± 9.2	 86.7 ± 13.3	 <0.001
FVC (%pred)	 101.6 ± 10.7	 90.3 ± 13.2	 <0.001
FEV1/FVC (%)	 97.4 ± 5.0	 79.1 ± 7.6	 <0.001
TLC (%pred)	 99.6 ± 12.0	 96.1 ± 15.5	 0.230
DLCO (%pred)	 90.6 ± 12.6	 73.4 ± 15.4	 <0.001

* Not matched for age and body mass index.
† Only one of our patients had pulmonary function testing prior to 
deployment.
DLCO: diffusing capacity of the lungs for carbon monoxide; FEV1: 
forced expiratory volume in 1 second; FVC: forced vital capacity; 
pred: predicted; TLC: total lung capacity
Data sources: (1) Morris MJ, Grbach VX, Deal LE, Boyd SY, Morgan 
JA, Johnson JE. Evaluation of exertional dyspnea in the active duty 
patient: the diagnostic approach and the utility of clinical testing. 
Mil Med. 2002;167:281–288. (2) Still JM, Morris MJ, Johnson JE, Al-
lan PF, Grbach VX. Cardiopulmonary exercise test interpretation 
using age-matched controls to evaluate exertional dyspnea. Mil 
Med. 2009;174:1177–1182.

TABLE 14-3

CARDIOPULMONARY EXERCISE TESTING IN 
THE INITIAL 38 SOLDIERS DIAGNOSED WITH 
CONSTRICTIVE BRONCHIOLITIS*	

	 Comparison
	 Group1,2	 Patient	 p Value

VO2max (%pred)	 105.4 ± 14.3	 85.1 ± 15.2	 <0.001
VATS (%VO2max)	 78.2 ± 15.3	 45.0 ± 9.5	 <0.001
Max HR (%pred)	 95.2 ± 5.7	 87.2 ± 9.5	 <0.001
RR (breaths/min)	 44.5 ± 6.7	 34.2 ± 7.7	 <0.001
VE/VCO2 (%pred)	 31.9 ± 4.0	 28.3 ± 3.5	 <0.001

*Not matched for age and body mass index.
Max HR: maximal heart rate; pred: predicted; RR: respiratory rate; 
VATS: video-assisted thoracoscopic surgery; VE: minute ventila-
tion; VCO2: carbon dioxide production; VO2max: maximal oxygen 
consumption
Data sources: (1) Morris MJ, Grbach VX, Deal LE, Boyd SY, Morgan 
JA, Johnson JE. Evaluation of exertional dyspnea in the active duty 
patient: the diagnostic approach and the utility of clinical testing. 
Mil Med. 2002;167:281–288. (2) Still JM, Morris MJ, Johnson JE, Al-
lan PF, Grbach VX. Cardiopulmonary exercise test interpretation 
using age-matched controls to evaluate exertional dyspnea. Mil 
Med. 2009;174:1177–1182.

with CB or suspected of having CB.
When standard PFT and chest X-ray radiographs fail to 

yield a diagnosis or to help guide therapy, additional testing 
should include HRCT. The HRCT test was usually normal 
or near-normal in patients who were ultimately diagnosed 
with CB. However, HRCT did show changes with other di-
agnoses, such as hypersensitivity pneumonitis, sarcoidosis, 
and bronchiectasis.10 

Some clinicians have recommended screening all sol-
diers with unexplained respiratory problems for vocal cord 
dysfunction (VCD).18,19 Although this may be a simple ma-
neuver, the cohort with CB did not have symptoms typical 
for VCD (eg, wheezing, stridor, or throat clearing). Patients 
evaluated at Vanderbilt did not have any upper airway symp-
toms to suggest VCD. Vanderbilt patients had CB, a diagnosis 
that seemed to explain their respiratory complaints. 

WHY NONINVASIVE STUDIES FAIL TO DETECT CONSTRICTIVE BRONCHIOLITIS 

Noninvasive studies, such as PFT, CPET, and HRCT do 
not appear to provide adequate screening for CB in soldiers 
following deployment. Many reasons for this have been 
considered. The small airways of the lungs represent the 
largest cross-sectional area of the tracheobronchial tree. As 
a result, symptoms may not occur until a large cross-section 
has been affected.20–22

Those soldiers diagnosed with CB were highly trained, 
elite athletes prior to becoming symptomatic. Most patients 
presented because they could no longer exercise at high 
capacity. The PFT and CPET were within normal limits for 
most patients diagnosed with CB. The question became this: 
Were CB patients’ PFT/CPET results lower than what they 
would have been prior to deployment? Only one of the sol-
diers had predeployment PFT, and his predeployment study 
appeared to be much better than his PFTs prior to biopsy. 

The possibility exists that this cohort suffered significant 
loss of function, but still tested in a range of normal. This 
possibility was supported when the Vanderbilt cohort was 
compared with historical controls.16,17 An analogous cohort 
would include firefighters who worked at the World Trade 
Center site in 2011 to 2012. Each firefighter had annual 
spirometry prior to the World Trade Center attacks. Mean 
forced expiratory volume in 1 second measurements several 
months after working at the World Trade Center site were 
439 cc lower than pre-September 2011 studies.23

Vanderbilt biopsies showed that 64% (95% confidence 
interval, 57.6–71 on nonparametric bootstrap analysis) of the 
small airways were affected in the 38 soldiers diagnosed with 
CB.10 Findings of CB appear to be correlated with a reduced 
exercise capacity, but not severe changes in PFT and CPET; 
these disparities need to be examined. Could CB possibly be 
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associated with exercise-induced air-trapping not evident at 
rest? Pathology examination shows significant arteriopathy 
associated with small airway changes. Is pulmonary hyper-
tension with exertion a possibility? Both of these prospects 
need to be considered as we evaluate this population.

Clearly, CB is one of the conditions contributing to 
a rising incidence of respiratory disorders following de-
ployment. The relative contribution of CB to the rising 
incidence of respiratory complaints has not been quantified 

because as many clinicians fail to consider the disorder. 
The fact that CB requires surgical biopsy for diagnosis has 
hampered efforts to identify the association between CB 
and deployment-related respiratory complaints. Experts 
from a number of fields agree that exposures in Iraq and 
Afghanistan place deployers at risk for respiratory symp-
toms and disease. Evaluations of deployed populations 
would be easier if we had both pre- and postdeployment 
data from service members. 

LONG-TERM FOLLOW-UP

The majority of service members diagnosed with CB 
left military service with a disability rating or retirement. A 
few continued to serve in noncombat capacities, and others 
continued to serve with further exposure to Middle East 
environments. Those who have followed up at Vanderbilt 
complain of persistent exercise limitations and, in some 
cases, progressive exercise limitations. Most service mem-
bers have gained weight from being more sedentary and not 
being able to exercise. Follow-up chest X-ray radiographs, 

HRCT, and PFTs have been performed on several of those 
diagnosed with CB and have generally remained stable. 
Many service members undergoing follow-up CPET have 
demonstrated reduced exercise capacities compatible with 
deconditioning, but also consistent with disease progression. 
The US Department of Veterans Affairs has recognized CB 
as being associated with service in the Middle East. They 
will inherit the responsibility for following this population 
over time and monitoring disease progression.

RECOMMENDATIONS

In February 2010, a working group of pulmonologists, 
occupational and preventive specialists, industrial hygienists 
and exposure scientists, the US Department of Defense, and 
the Department of Veterans Affairs convened at National 
Jewish Health (Denver, CO) to discuss inhalational expo-
sures and the risk of respiratory disease associated with 
deployment to the Middle East.24 This group recommended 

	 •	 pre- and postdeployment respiratory questionnaires, 
as well as pre- and postdeployment spirometry; 

	 •	 formal pulmonary evaluations for soldiers expe-
riencing persistent cough, shortness of breath, or 
an unexplained drop in physical readiness testing; 
and 

	 •	 surgical lung biopsies, when appropriate.

SUMMARY

Respiratory symptoms and a number of respiratory dis-
orders have been linked to service in the Middle East. Some 
service members become symptomatic during deployment, 
but many will become symptomatic only after returning 
home. Disorders such as asthma may be easy to diagnose 
with PFT and may respond to standard treatment. Some 
patient complaints may be nonspecific in nature and ap-
propriate to follow or treat empirically. Disorders affecting 
small airways may be more difficult to diagnose and even 

more disabling. Providers need to be aware that there is a 
group of patients who served in the Middle East who may 
have advanced airways disease in the absence of normal 
noninvasive testing. Individuals with this presentation 
should be evaluated by providers with expertise in the area 
of interstitial lung disease or postdeployment respiratory 
disorders. Lung biopsies may be necessary to complete the 
evaluation of some individuals presenting with unexplained 
shortness of breath.
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