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Background: Following deployment to the Southwest Asia theater
of operations and Afghanistan, many service members and
veterans report respiratory symptoms and concerns about their
military and environmental exposures. The US Department of
Veterans Affairs (VA) established the national Airborne Hazards
and Open Burn Pit Registry (AHOBPR) in 2014 to help better
understand long-term health conditions that may be related to
these exposures.

Observations: The AHOBPR provides an online questionnaire
and optional health evaluation performed by a primary care or
environmental health clinician. The clinical evaluation provides
an opportunity for the service member or veteran to talk with a
health care professional about their symptoms, exposures, and
potential treatment. Data derived from questionnaire responses
and health evaluations facilitate medical surveillance and research.
The VA also established a network of specialists, referred to

as the Post-Deployment Cardiopulmonary Evaluation Network
(PDCEN). The PDCEN identifies veterans within the AHOBPR
who self-report certain conditions or have unexplained dyspnea
and conducts comprehensive diagnostic evaluations. Primary
objectives of PDCEN evaluations are to define respiratory and
related conditions that are present, determine whether conditions
are related to deployment, and work with the veteran’s clinician to
identify treatments and/or follow-up care to improve their health.
We utilize a case example to illustrate the role of the primary care
practitioner in connecting veterans to PDCEN clinical evaluations.
Conclusions: AHOBPR clinical evaluations represent an initial
step to better understand postdeployment health conditions.
The PDCEN clinical evaluation extends the AHOBPR evaluation
by providing specialty care for certain veterans requiring more
comprehensive evaluation while systematically collecting and
analyzing clinical data to advance the field.

CASE EXAMPLE

A 37-year-old female never smoker presents
to your clinic with progressive dyspnea over
the past 15 years. She reports dyspnea on exer-
tion, wheezing, chronic nasal congestion, and
difficulty sleeping that started a year after she
returned from military deployment to Iraq.
She has been unable to exercise, even at low
intensity, for the past 5 years, despite being
previously active. She has experienced some
symptom improvement by taking an albuterol
inhaler as needed, loratadine (10 mg), and
fluticasone nasal spray (50 mcg). She occa-
sionally uses famotidine for reflux (40 mg).
She deployed to Southwest Asia for 12 months
(2002-2003) and was primarily stationed
in Qayyarah West, an Air Force base in the
Mosul district in northern Iraq. She reports ex-
posure during deployment to the fire in the Al-
Mishraq sulfur mine, located approximately
25 km north of Qayyarah West, as well as dust
storms and burn pits. She currently works as
a medical assistant. Her examination is re-
markable for normal bronchovesicular breath
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sounds without any wheezing or crackles on
pulmonary evaluation. Her body mass index is
31. You obtain a chest radiograph and spirom-
etry, which are both normal.

The veteran reports feeling frustrated as
she has had multiple specialty evaluations
in community clinics without receiving a di-
agnosis, despite worsening symptoms. She
reports that she added her information to
the Airborne Hazards and Open Burn Pit
Registry (AHOBPR). She recently received
a letter from the US Department of Veter-
ans Affairs (VA) Post-Deployment Cardio-
pulmonary Evaluation Network (PDCEN)
and is asking you whether she should partici-
pate in the PDCEN specialty evaluation. You
are not familiar with the military experiences
she has described or the programs she asks
you about; however, you would like to know
more to best care for your patient.

BACKGROUND
The year 2021 marked the 20th anniver-
sary of the September 11 attacks and the
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TABLE Airborne Hazards and Open Burn Pit Registry Top
Symptoms and Diagnoses on Initial Evaluation (N = 24,578)

Symptoms No. (%) Diagnosis type No. (%)
Shortness of breath 11,085 (45.1) | Respiratory 11,748 (47.8)
Gastrointestinal 8996 (36.6) Ear, nose, throat 10,642 (43.3)
Chronic sinus infection 8971 (36.5) Gastrointestinal 7890 (32.1)
Runny nose 8922 (36.3) Psychiatric 6243 (25.4)
Decreased exercise ability 8553 (34.8) Musculoskeletal 6022 (24.5)
Cough > 3 wk 7447 (30.3) Neurologic 5628 (22.9)
Respiratory allergy 7152 (29.1) Dermatologic 4694 (19.1)
Neurologic 7054 (28.7) Fatigue 3908 (15.9)
Skin 6710 (27.3) Cardiology 2654 (10.8)
Wheezing/whistling 6513 (26.5) Cognitive/memory 2605 (10.6)

launch of the Global War on Terrorism. Al-
most 3 million US military personnel have
been deployed in support of these opera-
tions along with about 300,000 US civilian
contractors and thousands of troops from
more than 40 nations.'”

Deployment after 2001 to Afghanistan
and the Southwest Asia theater of opera-
tions, which includes but is not limited to
Iraq, Kuwait, and Saudi Arabia, has been as-
sociated with increased prevalence of dys-
pnea and cough as well as diagnoses of
asthma, chronic obstructive pulmonary dis-
ease (COPD), and other chronic respiratory
diseases.*® Expert committees convened by
the National Academies of Sciences, Engi-
neering, and Medicine concluded that de-
ployment to the Southwest Asia region and
Afghanistan was associated with respiratory
symptoms of cough, wheeze, and shortness
of breath and might be associated with long-
term health effects, particularly in vulnera-
ble (eg, individuals with asthma) or highly
exposed populations (eg, those assigned to
work at burn pits).'*!! Several reports have
found constrictive bronchiolitis, emphysema,
granulomatous inflammation, and pigment
deposition on lung biopsy in deployed per-
sons with unexplained dyspnea and subtle,
or normal, clinical findings.'***

Respiratory hazards associated with de-
ployment to Southwest Asia and Afghani-
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stan are unique and varied. These exposures
include blast injuries and a variety of partic-
ulate matter sources, such as burn pit com-
bustion byproducts, aeroallergens, and dust
storms.”®1>1 One air sampling study con-
ducted at 15 deployment sites in Southwest
Asia and Afghanistan found mean fine par-
ticulate matter (PM, ,) levels were as much as
10 times greater than sampling sites in both
rural and urban cities in the United States;
all sites sampled exceeded military exposure
guidelines (65 pg/m’ for 1 year).'”'® Long-
term exposure to PM, . has been associated
with the development of chronic respiratory
and cardiovascular disease; therefore, there
has been considerable attention to the re-
spiratory (and nonrespiratory) health of de-
ployed military personnel.'

Concerns regarding the association be-
tween deployment and lung disease led to
the creation of the national VA Airborne Haz-
ards and Open Burn Pit Registry (AHOBPR)
in 2014 and consists of (1) an online ques-
tionnaire to document deployment and medi-
cal history, exposure concerns, and symptoms;
and (2) an optional in-person or virtual clini-
cal health evaluation at the individual’s local
VA medical center or military treatment fa-
cility (MTF). As of March 2022, more than
300,000 individuals have completed the on-
line questionnaire of which about 30% de-
clined the optional clinical health evaluation.

The clinical evaluation available to
AHOBPR participants has not yet been de-
scribed in the literature. Therefore, our ob-
jectives are to examine AHOBPR clinical
evaluation data and review its application
throughout the VA. In addition, we will also
describe a parallel effort by the VA PDCEN,
which is to provide comprehensive multiday
clinical evaluations for unique AHOBPR par-
ticipants with unexplained dyspnea and self-
reported respiratory disease. A secondary aim
of this publication is to disseminate informa-
tion to health care professionals (HCPs) within
and outside of the VA to aid in the referral and
evaluation of previously deployed veterans
who experience unexplained dyspnea.

AHOBPR OVERVIEW

The AHOBPR is an online questionnaire and
optional in-person health evaluation that in-
cludes 7 major categories targeting deploy-
ment history, symptoms, medical history,
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health concerns, residential history, non-
military occupational history, nonmilitary
environmental exposures, and health care
utilization. The VA Defense Information
Repository is used to obtain service dates
for the service member/veteran, conflict in-
volvement, and primary location during
deployment. The questionnaire portion of
the AHOBPR is administered online. It cur-
rently is open to all veterans who served in
the Southwest Asia theater of operations (in-
cluding Iraq, Kuwait, and Egypt) any time
after August 2, 1990, or Afghanistan, Dji-
bouti, Syria, or Uzbekistan after September
11, 2001. Veterans are eligible for complet-
ing the AHOBPR and optional health evalu-
ation at no cost to the veteran regardless of
VA benefits or whether they are currently en-
rolled in VA health care. Though the focus
of the present manuscript is to profile a VA
program, it is important to note that the US
Department of Defense (DoD) is an active
partner with the VA in the promotion of the
AHOBPR to service members and similarly
provides health evaluations for active-duty
service members (including activating Re-
serve and Guard) through their local MTE

We reviewed and analyzed AHOBPR op-
erations and VA data from 2014 to 2020.
Our analyses were limited to veterans seek-
ing evaluation as well as their corresponding
symptoms and HCP’s clinical impression from
the electronic health record. As of September
20, 2021, 267,125 individuals completed the
AHOBPR. The mean age was 43 years (range,
19-84), and the majority were male (86%)
and served in the Army (58%). Open-air burn
pits (91%), engine maintenance (38.8%), and
convoy operations (71.7%) were the most
common deployment-related exposures.

The optional in-person AHOBPR health
evaluation may be requested by the veteran
after completing the online questionnaire and
is performed at the veteran’s local VA facility.
The evaluation is most often completed by
an environmental health clinician or primary
care practitioner (PCP). A variety of resources
are available to providers for training on this
topic, including fact sheets, webinars, monthly
calls, conferences, and accredited e-learning.”
As part of the clinical evaluation, the veteran’s
chief concerns are assessed and evaluated. At
the time of our analysis, 24,578 clinical exam-
inations were performed across 126 VA med-
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ical facilities, with considerable geographic
variation. Veterans receiving evaluations were
predominantly male (89%) with a median age
of 46.0 years (IQR, 15). Veterans’ major respi-
ratory concerns included dyspnea (45.1%),
decreased exercise ability (34.8%), and cough
> 3 weeks (30.3%) (Table). After clinical eval-
uation by a VA or MTF HCP, 47.8% were
found to have a respiratory diagnosis, includ-
ing asthma (30.1%), COPD (12.8%), and
bronchitis (11.9%).

Registry participants who opt to receive
the clinical evaluation may benefit directly
by undergoing a detailed clinical history and
physical examination as well as having the op-
portunity to document their health concerns.
For some, clinicians may need to refer vet-
erans for additional specialty testing beyond
this standard AHOBPR clinical evaluation.
Although these evaluations can help address
some of the veterans’ concerns, a substantial
number may have unexplained respiratory
symptoms that warrant further investigation.

Post-Deployment Cardiopulmonary
Evaluation Network Clinical Evaluation

In May 2019, the VA established the Air-
borne Hazards and Burn Pits Center of Ex-
cellence (AHBPCE). One of the AHBPCE’s
objectives is to deliver specialized care and
consultation for veterans with concerns
about their postdeployment health, includ-
ing, but not limited to, unexplained dyspnea.
To meet this objective, the AHBPCE devel-
oped the PDCEN, a national network con-
sisting of specialty HCPs from 5 VA medical
centers—located in San Francisco, Califor-
nia; Denver, Colorado; Baltimore, Maryland,
Ann Arbor, Michigan; and East Orange,
New Jersey. Collectively, the PDCEN has
developed a standardized approach for the
comprehensive clinical evaluation of unex-
plained dyspnea that is implemented uni-
formly across sites. Staff at the PDCEN
screen the AHOBPR to identify veterans with
features of respiratory disease and invite
them to participate in an in-person evalua-
tion at the nearest PDCEN site. Given the
specialty expertise (detailed below) within
the Network, the PDCEN focuses on com-
plex cases that are resource intensive. To
address complex cases of unexplained dys-
pnea, the PDCEN has developed a core
clinical evaluation approach (Figure).
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FIGURE PDCEN Screening, Referral, and Evaluation
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Abbreviations: AHOBPR, Airborne Hazards and Open Burn Pit Registry; CT, computed tomography; PDCEN,
Post-Deployment Cardiopulmonary Evaluation Network; VA, US Department of Veterans Affairs.

Veterans who complete the AHOBPR self-assessment questionnaire may request an optional health evaluation at their
local VA medical center. Those who report certain conditions or concerning symptoms may be identified through chart
review screening for more comprehensive evaluation. At a PDCEN site, the veteran undergoes a core clinical evalua-
tion, including evaluation by a pulmonologist, standardized questionnaires, comprehensive testing, and a final review

with health care professionals to provide information about diagnoses and strategies to improve health.

The first step in a veteran’s PDCEN evalu-
ation entails a set of detailed questionnaires
that request information about the veteran’s
current respiratory, sleep, and mental health
symptoms and any associated medical diag-
noses. Questionnaires also identify potential
exposures to military burn pits, sulfur mine
and oil field fires, diesel exhaust fumes, dust
storms, urban pollution, explosions/blasts,
and chemical weapons. In addition, the ques-
tionnaires include deployment geographic lo-
cation, which may inform future estimates of
particulate matter exposure.?! Prior VA and
non-VA evaluations and testing of their respi-
ratory concerns are obtained for review. Expo-
sure and health records from the DoD are also
reviewed when available.

The next step in the PDCEN evaluation
comprises comprehensive testing, includ-
ing complete pulmonary function testing,
methacholine challenge, cardiopulmonary
exercise testing, forced oscillometry and
exhaled nitric oxide testing, paired high-
resolution inspiratory and expiratory chest
computed tomography (CT) imaging,
sinus CT imaging, direct flexible laryngos-
copy, echocardiography, polysomnography,
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and laboratory blood testing. The testing
process is managed by local site coordi-
nators and varies by institution based on
availability of each testing modality and
subspecialist appointments.

Once testing is completed, the veteran
is evaluated by a team of HCPs, including
physicians from the disciplines of pulmo-
nary medicine, environmental and occupa-
tional health, sleep medicine, otolaryngology
and speech pathology, and mental health
(when appropriate). After the clinical eval-
uation has been completed, this team of ex-
pert HCPs at each site convenes to provide
a final summary review visit intended to be
a comprehensive assessment of the veter-
an’s primary health concerns. The 3 primary
objectives of this final review are to inform
the veteran of (1) what respiratory and re-
lated conditions they have; (2) whether the
conditions is/are deployment related; and
(3) what treatments and/or follow-up care
may enhance their current state of health
in partnership with their local HCPs. The
PDCEN does not provide ongoing manage-
ment of any conditions identified during
the veteran’s evaluation but communicates
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findings and recommendations to the vet-
eran and their PCP for long-term care.

DISCUSSION

The AHOBPR was established in response
to mounting concerns that service mem-
bers and veterans were experiencing adverse
health effects that might be attributable to
deployment-related exposures. Nearly half
of all patients currently enrolled in the
AHOBPR report dyspnea, and about one-
third have decreased exercise tolerance and/
or cough. Of those who completed the ques-
tionnaire and the subsequent in-person and
generalized AHOBPR examination, our in-
terim analysis showed that about half were
assigned a respiratory diagnosis. Yet for many
veterans, their breathing symptoms remained
unexplained or did not respond to treatment.

While the AHOBPR and related exami-
nations address the needs of many veterans,
others may require more comprehensive ex-
amination. The PDCEN attends to the latter
by providing more detailed and comprehen-
sive clinical evaluations of veterans with
deployment-related respiratory health con-
cerns and seeks to learn from these evalu-
ations by analyzing data obtained from
veterans across sites. As such, the PDCEN
hopes not only to improve the health of indi-
vidual veterans, but also create standard prac-
tices for both VA and non-VA community
evaluation of veterans exposed to respiratory
hazards during deployment.

One of the major challenges in the field of
postdeployment respiratory health is the lack
of clear universal language or case definitions
that encompass the veteran’s clinical con-
cerns. In an influential case series published
in 2011, 38 (77%) of 49 soldiers with his-
tory of airborne hazard exposure and unex-
plained exercise intolerance were reported to
have histopathology consistent with constric-
tive bronchiolitis on surgical lung biopsy.'*
Subsequent publications have described
other histopathologic features in deployed
military personnel, including granulomatous
inflammation, interstitial lung disease, em-
physema, and pleuritis.'*** Reconciling these
findings from surgical lung biopsy with the
clinical presentation and noninvasive stud-
ies has proved difficult. Therefore, several
groups of investigators have proposed terms,
including postdeployment respiratory syn-
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drome, deployment-related distal lung dis-
ease, and Irag/Afghanistan War lung injury to
describe the increased respiratory symptoms
and variety of histopathologic and imaging
findings in this population.®'*** At present,
there remains a lack of consensus on termi-
nology and case definitions as well as the role
of military environmental exposures in ex-
acerbating and/or causing these conditions.
As HCPs, it is important to appreciate and
acknowledge that the ambiguity and con-
troversy pertaining to terminology, causa-
tion, and service connections are a common
source of frustration experienced by veterans,
which are increasingly reflected among re-
ports in popular media and lay press.

A second and related challenge in the field
of postdeployment respiratory health that
contributes to veteran and HCP frustration
is that many of the aforementioned abnor-
malities described on surgical lung biopsy
are not readily identifiable on noninvasive
tests, including traditional interpretation of
pulmonary function tests or chest CT imag-
ing !#'*22 Thus, underlying conditions could
be overlooked and veterans’ concerns and
symptoms may be dismissed or misattributed
to other comorbid conditions. While surgical
lung biopsies may offer diagnostic clarity in
identifying lung disease, there are significant
procedural risks of surgical and anesthetic
complications. Furthermore, a definitive di-
agnosis does not necessarily guarantee a clear
treatment plan. For example, there are no
current therapies approved by the US Food
and Drug Administration for the treatment of
constrictive bronchiolitis.

Research efforts are underway, including
within the PDCEN, to evaluate a more sensi-
tive and noninvasive assessment of the small
airways that may even reduce or eliminate the
need for surgical lung biopsy. In contrast to
traditional pulmonary function testing, which
is helpful for evaluation of the larger airways,
forced oscillation technique can be used non-
invasively, using pressure oscillations to evalu-
ate for diseases of the smaller airways and has
been used in the veteran population and in
those exposed to dust from the World Trade
Center disaster.”>*> Multiple breath washout
technique provides a lung clearance index that
is determined by the number of lung turn-
overs it takes to clear the lungs of an inert gas
(eg, sulfur hexafluoride, nitrogen). Elevated
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lung clearance index values suggest ventila-
tion heterogeneity and have been shown to
be higher among deployed veterans with dys-
pnea.*®?” Finally, advanced CT analytic tech-
niques may help identify functional small
airways disease and are higher in deployed
service members with constrictive bronchiol-
itis on surgical lung biopsy*® These innovative
noninvasive techniques are experimental but
promising, especially as part of a broader eval-
uation of small airways disease.

AHOBPR clinical evaluations represent
an initial step to better understand postde-
ployment health conditions available to all
AHOBPR participants. The PDCEN clinical
evaluation extends the AHOBPR evaluation
by providing specialty care for certain vet-
erans requiring more comprehensive eval-
uation while systematically collecting and
analyzing clinical data to advance the field.
The VA is committed to leveraging these data
and all available expertise to provide a clear
description of the spectrum of disease in this
population and improve our ability to di-
agnose, follow, and treat respiratory health
conditions occurring after deployment to
Southwest Asia and Afghanistan.

CASE CONCLUSION

The veteran was referred to a PDCEN site
and underwent a comprehensive multidisci-
plinary evaluation. Pulmonary function test-
ing showed lung volumes and vital capacity
within the predicted normal range, mild air
trapping, and a low diffusion capacity for car-
bon monoxide. Methacholine challenge test-
ing was normal; however, forced oscillometry
suggested small airways obstruction. A high-
resolution CT showed air trapping without
parenchymal changes. Cardiopulmonary ex-
ercise testing demonstrated a peak exercise
capacity within the predicted normal range
but low breathing reserve. Otolaryngology
evaluation including laryngoscopy suggested
chronic nonallergic rhinitis.

At the end of the veteran’s evaluation, a
summary review reported nonallergic rhinitis
and distal airway obstruction consistent with
small airways disease. Both were reported
as most likely related to deployment given
her significant environmental exposures and
the temporal relationship with her deploy-
ment and symptom onset as well as lack of
other identifiable causes. A more precise his-
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topathologic diagnosis could be firmly estab-
lished with a surgical lung biopsy, but after
shared decision making with a PDCEN HCP,
the patient declined to undergo this invasive
procedure. After you review the summary re-
view and recommendations from the PDCEN
group, you start the veteran on intranasal ste-
roids and a combined inhaled corticosteroid/
long-acting 3 agonist inhaler as well as refer
the veteran to pulmonary rehabilitation. After
several weeks, she reports an improvement in
sleep and nasal symptoms but continues to
experience residual exercise intolerance.

This case serves as an example of the sig-
nificant limitations that a previously active
and healthy patient can develop after de-
ployment to Southwest Asia and Afghani-
stan. Encouraging this veteran to complete
the AHOBPR allowed her to be considered
for a PDCEN evaluation that provided the
opportunity to undergo a comprehensive
noninvasive evaluation of her chronic dys-
pnea. In doing so, she obtained 2 important
diagnoses and data from her evaluation will
help establish best practices for standardized
evaluations of respiratory concerns follow-
ing deployment. Through the AHOBPR and
PDCEN, the VA seeks to better understand
postdeployment health conditions, their re-
lationship to military and environmental ex-
posures, and how best to diagnose and treat
these conditions.
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