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Abstract
Background—Investigative bronchoscopy was performed in a subset of participants in the
Severe Asthma Research Program (SARP) to gain insights into the pathobiology of severe disease.
We evaluated the safety aspects of this procedure in this cohort with specific focus on patients
with severe asthma.
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Objective—To prospectively evaluate changes in lung function and the frequency of adverse
events related to investigative bronchoscopy.

Methods—Bronchoscopy was performed using a common Manual of Procedures. A subset of
very severe asthma was defined by severe airflow obstruction, chronic oral corticosteroid use and
recent asthma exacerbations. Subjects were monitored for changes in lung function and contacted
by telephone for 3 days after the procedure.

Results—436 subjects underwent bronchoscopy (97 normal, 196 not severe, 102 severe and 41
very severe asthma). Nine subjects were evaluated in hospital settings after bronchoscopy; seven
of these were respiratory related events. Recent Emergency Department visits, chronic oral
corticosteroid use and a history of pneumonia were more frequent in subjects who had asthma
exacerbations after bronchoscopy. The fall in FEV1 following bronchoscopy was similar in the
severe compared to milder asthma group. Pre-bronchodilator FEV1 was the strongest predictor of
change in FEV1 after bronchoscopy with larger decreases observed in subjects with better lung
function.

Conclusions—Bronchoscopy in severe asthma subjects was well tolerated. Asthma
exacerbations were rare and reduction in pulmonary function after the procedure was similar to
subjects with less severe asthma. With proper precautions, investigative bronchoscopy can be
performed safely in severe asthma.
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investigative bronchoscopy; safety; severe asthma; exacerbation

Introduction
Airway inflammation is a central component of asthma [1, 2]. Bronchoscopy has provided
an investigative approach to obtain airway fluids and mucosal biopsies, which has been
critical to demonstrate the pattern and persistence of inflammation in asthma and begin to
identify the link between these features and altered pathophysiology. Investigative
bronchoscopy has provided a major step forward to more fully understand airway
mechanisms of asthma as these studies focus on the target organ of disease, the lung [3,4].
To date, the majority of bronchoscopy studies have been performed in patients with mild to
moderate disease. Severe asthma remains poorly understood and is a phenotype of asthma
with greater morbidity. Extending investigative bronchoscopy to patients with more severe
disease promises to provide a critical opportunity to gain novel insight into what is
anticipated to be unique histopathology, clues to what causes greater severity in this
population, and as a stimulus to the development of more effective therapeutic interventions.

The lack of data assessing the safety of investigative bronchoscopy in patients with more
severe asthma has been a limitation in the use of this research technique to better understand
the pathophysiology of severe disease [5]. There are few published studies evaluating the
safety of investigative bronchoscopy in asthma and the effects of this procedure on
physiologic changes, and even fewer on the effects of the procedure on short-term asthma
control [6-11]. Collectively, only a small number of asthma subjects with severe airflow
obstruction have been included in prior studies, and most patients were not being treated
with high doses of inhaled or oral corticosteroids at the time of the bronchoscopy.

In 2001, the National Heart Lung Blood Institute established the Severe Asthma Research
Program (SARP) at nine sites in the United States and one in the United Kingdom. A major
goal of the SARP was to identify and characterize a large number of subjects with severe
asthma to establish the clinical characteristics of severe disease and understand
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pathobiologic mechanisms important in severe asthma compared to milder disease. To
accomplish these goals, asthma subjects of all levels of disease severity were recruited and
underwent a comprehensive characterization to identify clinical phenotypes through which
severe asthma might be defined [12]. To explore and define the pathobiology of severe
asthma in these well characterized patients, it was necessary to obtain samples from the
airways to describe patterns of inflammation and what processes may be dysregulated in
severe asthma. While many subjects underwent sputum induction for evaluation of airway
inflammatory cells and soluble mediators [13], this procedure preferentially samples the
large proximal airways and does not allow assessment of inflammation more peripherally or
unique features of airways remodeling. To explore differences in submucosal inflammation
and architectural changes in the airway, investigative bronchoscopy was incorporated as a
key component of the SARP.

Because subjects with increasingly severe asthma would undergo bronchoscopy, a
subcommittee of investigators was appointed to develop common procedures for study and
to maximize safety of subjects. The bronchoscopy section of the SARP Manual of
Procedures (MoP) provides a detailed uniform approach to pre-procedure assessment of
underlying severity of asthma, ongoing evaluation for disease stability before, during and
after bronchoscopy and consistent post-procedure follow-up to assess the occurrence of
adverse effects. The aim of this study was to prospectively evaluate changes in pulmonary
function and the frequency of respiratory related events, including hospital based health care
utilization and need for oral corticosteroids, in subjects with not severe and severe asthma
undergoing investigative bronchoscopy in SARP.

Methods
The Severe Asthma Research Program (SARP)

After establishing standard operating procedures, including a review by an independent Data
Safety Monitoring Board and approval by the Institutional Review Boards at each site,
subjects underwent a comprehensive phenotypic characterization as previously described
[12]. Briefly, after subjects provided written informed consent, clinical staff administered
questionnaires (asthma symptoms, medication use, medical history and health care
utilization), performed allergen skin prick testing and a comprehensive pulmonary function
evaluation on several days including “baseline” pre-bronchodilator spirometry, response to
short-acting beta-agonists (2-8 puffs albuterol) and methacholine challenge. Following
review of clinical data by investigators, a subset of severe and not severe asthma subjects
and normal healthy subjects were recruited for investigative bronchoscopy studies (see
inclusion criteria in Table I).

Bronchoscopy Manual of Procedures (MoP)
Prior to initiation of bronchoscopy studies a subcommittee of investigators was appointed to
develop a MoP for investigative bronchoscopy. An independent Data Safety Monitoring
Board (DSMB) reviewed the MoP with ongoing oversight by this committee through review
of clinical site experience and adverse events. The Institutional Review Board at each
clinical site also reviewed and approved the bronchoscopy MoP. The entire SARP
Bronchoscopy MoP is provided as an attachment in an online data supplement (see Table E1
for Table of Contents of MoP). Clinical sites were required to complete several “phases”
wherein investigators requested permission to perform bronchoscopy on subjects with
increasingly severe airflow obstruction using a step-wise algorithm. A subset of the severe
asthma group was defined a priori as “very severe asthma” (VSA) based on baseline severe
airflow obstruction (FEV1< 60 % predicted after bronchodilators), a therapeutic requirement
of chronic oral corticosteroids and recent or intensive health care utilization in the past year
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(see criteria in Table II). Individual centers were required to demonstrate bronchoscopy
experience with severe asthma subjects prior to progressing to VSA and their request was
reviewed and approved by the bronchoscopy subcommittee prior to being sent to the DSMB
for further review. Only after the formal approval by the DSMB, did any site proceed to the
next level of asthma severity.

Bronchoscopy procedures
All subjects received albuterol before the bronchoscopy and spirometry was performed
before (pre-albuterol FEV1 % predicted) and after (post-albuterol FEV1 % predicted)
administration. Each center was then allowed to follow their standard operating procedures
and institutional rules with regard to conscious sedation (choice of drug and route of
administration), local anesthesia (nebulized, atomized or topical lidocaine) and the use of
supplemental oxygen. Bronchoscopic procedures were performed in accordance with the
specific aims of the investigative site and could include bronchoalveolar lavage (BAL),
endobronchial brushing, mucosal biopsy and, at one site, transbronchial biopsies. The
investigator determined the order of procedures and choice of forceps at each clinical site.
Initial BAL was performed with 100 ml of prewarmed saline with aspiration of BAL fluid
by hand suction for shared samples, but investigators were permitted to instill additional
volume at their discretion. Subjects who underwent transbronchial biopsies did not have
BAL. Following the removal of the bronchoscope, healthy controls and not severe asthma
subjects were observed for at least one hour post-procedure and were eligible for discharge
when their FEV1 on post-bronchoscopy spirometry returned to within 85% of the initial
FEV1 prior to bronchoscopy. Subjects who failed to achieve this benchmark or who
required more than three albuterol treatments post-procedure were admitted to the hospital
for overnight observation. Severe and VSA subjects underwent spirometry prior to transfer
to a hospital setting for scheduled precautionary overnight observation. These subjects were
discharged in the morning following assessment of asthma stability by the investigator. The
% change in FEV1 % predicted was calculated as the difference in FEV1 % predicted from
pre-bronchodilator spirometry (before albuterol prior to the bronchoscopy) and the lowest
FEV1 recorded by spirometry in the hours after bronchoscopy was performed.

Surveillance for Adverse Events
Study coordinators contacted subjects by telephone for three days following bronchoscopy
and administered a standardized questionnaire to ascertain the frequency of fever, cough,
chest pain, shortness of breath and hemoptysis. Subjects were asked to return to the clinical
site for further evaluation whenever needed. Investigators prescribed oral corticosteroids or
antibiotics at their discretion. Subjects who went to the Emergency Department (ED) or
required an unscheduled or extension of a planned hospitalization (> 24 hours) for asthma
exacerbation or asthma related symptoms were reported to the DSMB within 24 hours of the
investigator becoming aware of the event.

Statistical Analysis
Results are presented as percentages or means (standard deviations). Continuous variables
were compared among groups using ANOVA models; categorical variables using chi-square
tests for association. Analyses were carried out both among the four groups (normal and
three asthma groups) and among the three asthma groups only. Comparisons of the
frequency of cough, chest pain and shortness of breath post-bronchoscopy were adjusted for
frequency of reported baseline symptoms prior to the procedure using logistic regression
models. Associations between continuous variables are summarized using the Spearman
rank correlation coefficient. A p-value < 0.05 was considered statistically significant for
these comparisons.
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A multivariate model was constructed to identify potential predictors of the change in %
predicted FEV1 post-procedure. Thirty-three covariates were initially selected for this
analysis, including clinical center, subject data (age, gender, race, HCU, medication use,
disease severity), physiologic measures (lung function, PC20, skin test positivity),
inflammatory markers (IgE, blood eosinophils, exhaled nitric oxide (eNO), BAL cell counts)
and procedural variables from bronchoscopy (procedures performed, medications used, BAL
recovery, procedure time). To account for missing data, a multiple imputation approach was
used to produce ten simulated datasets and perform model selections. Fourteen covariates
were chosen by more than two models (baseline FEV1 % predicted, FEV % reversibility,
BAL performed, brushing performed, fentanyl given, procedure time, BAL % recovery,
PC20, eNO, number of positive skin tests, BAL eosinophils, age, BMI, race) and were
included in the final covariate list, which was then applied to each dataset. These models
were combined to get estimates of effect size of a given covariate on change in FEV1 after
bronchoscopy. A p-value < 0.05 was considered statistically significant.

Results
Characteristics of subjects enrolled in Bronchoscopy Procedures

Between May 2003 and September 2009, 436 subjects underwent investigative
bronchoscopy at nine clinical sites as part of the Severe Asthma Research Program (see
Table E2 in an online data supplement). In general, the demographics of this subset of
asthma subjects (Table III) reflect those of the entire SARP cohort as previously reported
[11]. Asthma subjects in the bronchoscopy cohort were divided into three groups for
purposes of this safety analysis: not severe, severe and very severe asthma (VSA), the latter
as defined a priori based on baseline airflow obstruction, medication requirements and
recent frequent health care utilization (Table II). Compared to bronchoscopy subjects with
severe asthma, individuals in the not severe group were younger, had a lower BMI and had
higher baseline lung function (mean FEV1 = 88 ± 15 % predicted). The not severe asthma
group was treated with diverse medication regimes but as a group, had few reported asthma
exacerbations and overall lower health care utilization (HCU) during the prior 12 month
period. In contrast, subjects in the severe asthma group were older, nearly half were obese
with a BMI > 30 kg/m2, reported higher recent health care utilization and had lower
pulmonary function (mean FEV1 = 73 ± 16 % predicted) despite treatment with high doses
of inhaled corticosteroids (ICS) and long-acting beta-agonists (LABA). The very severe
asthma (VSA) group had the lowest mean FEV1 (55 ± 21% predicted) and the greatest
frequency of recent HCU despite the requirement for treatment with chronic oral
corticosteroids (> 20 mg prednisone daily) in 80% of these subjects.

Bronchoscopy procedures
Medication use and procedural details are shown in Table IV. FEV1 measurements pre-
procedure were highly correlated with baseline FEV1 % predicted previously measured
during the study (r = 0.86, p < 0.0001) indicating stable lung function at the time of
bronchoscopy. Benzodiazepines were the most common sedative used in all groups
[midazolam, median dose = 4 mg (interquartile range 2-6 mg)]. Midazolam doses increased
with procedure time (r = 0.39, p < 0.0001) and both were highest in the VSA group (p <
0.0001). Opiates, specifically fentanyl and alfentanyl, were used more commonly in the
severe groups (p < 0.0001). Topical lidocaine doses were greatest in the VSA group and this
correlated weakly with procedure time (r = 0.10, p = 0.04). Fewer VSA subjects underwent
bronchoalveolar lavage (73% v. 89-97%, p = 0.003) and BAL recovery was lowest in this
group (p < 0.0001). All three procedures (BAL, endobronchial brushings and biopsies) were
performed in the majority of subjects (72%). Forty-six subjects with asthma underwent
transbronchial biopsies at one site; BAL was not performed in these subjects.
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Health Care Utilization after investigative bronchoscopy
A total of nine subjects were evaluated or monitored in hospital settings following
bronchoscopy (Table V), all but one had severe or very severe asthma. Three subjects
developed worsening of asthma during their protocol mandated overnight in hospital
observation period (subjects 1-3). These subjects remained in the hospital for additional
intravenous or oral corticosteroids and continued inpatient observation at the discretion of
the investigator (2-4 days). One severe asthma subject who was not scheduled for overnight
observation, failed to recover lung function to 85% pre-procedural values (FEV1 = 79%
predicted pre-procedure decreased to 57% predicted post-procedure) and, according to
SARP protocol, was observed overnight before being discharged on oral corticosteroids the
next morning (subject 4). One subject went to the Emergency Department (ED) for an
exacerbation of her asthma several days after bronchoscopy had been attempted, but was
unsuccessful due to inability to pass the vocal cords. She was treated with oral
corticosteroids then discharged from the ED (subject 5). There was no long-term loss of
asthma control in any of these subjects. Of the remaining four subjects who went to the ED
following bronchoscopy, two reported pleuritic chest pain (subjects 6-7), one complained of
a rash (subject 8) and one subject was experiencing a panic attack (subject 9). None of these
subjects developed an asthma exacerbation.

Changes in FEV1 after bronchoscopy among subject groups
A comparison of the post-bronchoscopy % change in % predicted FEV1 among the subject
groups showed no statistically significant difference in the distribution of % fall in FEV1 (p
= 0.30, see Figure 1). In the asthma groups, half of the subjects had a ≤ 5 % fall in FEV1
and there was no difference between the not severe and severe asthma subgroups. All not
severe asthma subjects had improvement in their FEV1 to 85% of the pre-procedure value
either spontaneously over time or after bronchodilator treatment and were discharged 1-2
hours after bronchoscopy, including those whose FEV1 decreased more than 20% (n = 24).
While precautionary overnight observation was mandated by the SARP protocol for VSA
subjects, it was also recommended for subjects in the severe asthma group and investigators
chose to observe most subjects in this group overnight also (75% subjects). Ninety seven
percent of the subjects scheduled for overnight observation were discharged the following
morning, including 22 of the 24 severe asthma subjects who had a > 20% decrease in FEV1
% predicted on the day of the procedure.

Effect of baseline lung function on change in FEV1
A correlation of baseline pulmonary function measures (on a different day then
bronchoscopy) with % change in FEV1 after bronchoscopy revealed weak relationships
between baseline % predicted FEV1 [with withholding of beta-agonists (r = -0.13, p = 0.02)]
and reversibility after 6-8 puffs of albuterol (r = 0.20, p = 0.0003). Thus, asthma subjects
with higher baseline FEV1 had greater decreases in FEV1 after bronchoscopy and those
with greater reversibility had smaller decreases in FEV1 following the procedure. There was
no relationship between PC20 and % change in FEV1 after bronchoscopy (r = -0.01, p =
0.91), although subjects with an FEV1 < 55% predicted did not undergo methacholine
challenge and thus, are not included in this analysis (33% of the severe and 90% of the VSA
groups). On the day of the bronchoscopy an inverse relationship between pre-procedure pre-
albuterol % predicted FEV1 and the change in FEV1 after bronchoscopy was still observed
(r = -0.21, p < 0.0001, see Figure 2) with larger decreases in FEV1 observed in those
subjects with better lung function. Following administration of albuterol prior to
bronchoscopy, however, there was an improvement in FEV1 % predicted in most subjects
and the relationship between FEV1 and % change in FEV1 was no longer present (r = -0.08,
p = 0.18). The change in FEV1 for the nine subjects who were evaluated or monitored in
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hospital settings after bronchoscopy is shown in Figure 2 (closed triangles and circles,
respectively).

In a multivariate analysis to identify predictors of change in FEV1, baseline FEV1 %
predicted was the most statistically significant predictor of a change in FEV1 after
bronchoscopy, with a -3.6% (CI -4.7, -2.5) decrease in FEV1 % predicted for every 10%
increase in baseline FEV1 (p < 0.0001). The strongest other predictors in this analysis were
covariates related to BAL, with an effect of -11.6% (CI -19.4, -3.8) decrease in post-
procedure FEV1 if BAL was performed (p = 0.003) and a -1.6% (CI -2.9, -0.3) decrease in
FEV1 for every 10% less BAL recovered (p = 0.02).

Symptoms after bronchoscopy
In the 3 days following bronchoscopy, the most commonly reported symptoms in the not
severe, severe and VSA groups were cough (50%, 47% and 78% of subjects respectively),
shortness of breath (14%, 23% and 53%), chest pain (11%, 17% and 35%) and blood
streaked sputum (17%, 23% and 38%) (Table VI). While these symptoms were more
frequently reported in the VSA group, only cough and blood streaked sputum were
statistically significantly different among the groups after the frequency of baseline
symptoms was used as a covariate (p = 0.002 and p = 0.02 respectively). Fever was
infrequently reported (2-11%) and was similar in the four groups (p = 0.06).

Treatments after bronchoscopy
Oral corticosteroids were prescribed more frequently in the post-procedure period in the
severe asthma (25%) and VSA groups (63%) when compared to the not severe group (4%, p
< 0.001) (Table VI). Specifically, severe asthma subjects with the greatest baseline airflow
obstruction (FEV1 < 60% predicted) and those who reported an ED visit in the past year
were more likely to be treated with systemic corticosteroids after bronchoscopy (both p <
0.0001). Antibiotics were prescribed in only seven subjects, but all were in the severe and
VSA groups (p = 0.003) and all of them had reported an ED visit in the past year (p =
0.002). All five subjects who had an asthma exacerbation after bronchoscopy also reported
an ED visit within the past 12 months (100% vs 48%, p = 0.03) and a prior history of
pneumonia (100% vs 54%, p = 0.05) compared to the severe asthma subjects who did not
require additional evaluation and treatment post-procedure. There were no differences in
bronchoscopic techniques or procedures between the severe asthma subjects who did or did
not develop exacerbations, nor those who did or did not receive oral corticosteroids or
antibiotics after bronchoscopy.

Discussion
The current study reports our experience with investigative bronchoscopy in a large subset
of subjects from the Severe Asthma Research Program, including 143 severe asthma
subjects who met the ATS workshop definition of severe asthma, 196 not severe asthma
subjects and 97 normal controls. The aim of our study was to prospectively evaluate changes
in pulmonary function and the frequency of respiratory related events in subjects with not
severe and severe asthma undergoing investigative bronchoscopy in SARP. Our results
support the safety of investigative bronchoscopy in subjects with severe asthma and extend
previous reports of the safety of this procedure in subjects with mild to moderate disease
[6-10].

Investigative bronchoscopy was well tolerated by severe and very severe asthma subjects
with only five asthma exacerbations experienced (< 1.5% of the asthma subjects) that
resolved quickly (2-4 days). Identification of clinical markers that might have predicted loss
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of asthma control after bronchoscopy was difficult because of the scarcity of these events.
While all five of the subjects who had asthma exacerbations after bronchoscopy had severe
airflow obstruction at baseline (FEV1 40-63% predicted), reported an ED visit in the past
year and had a prior episode of pneumonia, these clinical characteristics were common in
the severe asthma groups in general and not specific to these subjects. Likewise, while a >
20% decrease in FEV1 was observed in three of these five subjects, there were 21 other
severe asthma subjects who sustained similar falls in their FEV1, but were discharged the
following morning after planned precautionary overnight observation. Importantly, of the
five subjects who had asthma exacerbations, four were being observed in a hospital setting
according to SARP protocol and none of these required a higher level of care than a
traditional inpatient medical bed. All of these events occurred early in the SARP program
and may have resulted from more cautious care of worsening asthma in this research setting.
The only asthma exacerbation resulting in an ED visit occurred in a subject with a history of
many previous and recent ED visits and in whom the bronchoscope never passed the vocal
cords.

Although severe asthma subjects had lower baseline lung function, there was a < 10%
decrease in % predicted FEV1 observed following bronchoscopy in the majority of these
subjects, similar to that seen in the not severe asthma and normal control groups. This
finding is in agreement with a smaller previous study by Van Vyne and colleagues, in which
there were ten subjects with an pre-procedure FEV1 < 60% predicted and an elevated
severity score, but no observed difference in % change in FEV1 despite the severity of their
asthma [8].

Subjects with lower baseline lung function (FEV1 % predicted) had smaller (not larger)
decreases in FEV1 after bronchoscopy. Likewise, subjects with greater baseline reversibility
to short-acting beta-agonists (6-8 puffs) were less likely to sustain large decreases in FEV1
after the procedure even when adjusting for baseline % predicted FEV1. Taken together,
these associations suggest that subjects with severe airflow obstruction, many of whom
respond well to bronchodilator administration [12], are not at greater risk for large falls in
FEV1 after bronchoscopy. This may be partially due to the protocol required pretreatment of
all SARP subjects with albuterol with subsequent improvement in FEV1 prior to
bronchoscopy.

Conversely, some asthma subjects with preserved lung function (and thus mathematically
less reversibility) had large decreases in their FEV1 % predicted after bronchoscopy. At
least two studies have reported an inverse relationship between the degree of baseline airway
hyperresponsiveness (PC20 methacholine) and % change in FEV1 or peak expiratory flow
rates after bronchoscopy suggesting that the presence of greater bronchial
hyperresponsiveness might lead to exaggerated changes in FEV1 with airway
instrumentation in subjects with preserved baseline lung function [6, 9]. A similar analysis
of our subjects with a baseline FEV1 % predicted > 55% who underwent methacholine
challenge, however, did not show any association between the level of bronchial
hyperresponsiveness and the decrease in FEV1 after bronchoscopy.

Of the 33 covariates used in the multivariate analysis, the only statistically significant
procedural predictor of a greater fall in FEV1 after bronchoscopy was the performance of a
bronchoalveolar lavage. Furthermore, there was an additional although smaller in
magnitude, effect seen with lower BAL fluid recovery. While these results should be
interpreted with care given the need to impute data for the subjects who did not have BAL
performed, these findings do suggest that investigators should be cautious when performing
bronchoalveolar lavage in subjects with asthma, especially if initial fluid recovery is modest.
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Cough was the most frequently reported symptom after bronchoscopy, especially in the
severe asthma groups. These groups were more likely to receive oral corticosteroids after the
procedure, perhaps due to complaints of persistent cough. Likewise, subjects who reported a
recent ED visit or who had a baseline FEV1 < 60% predicted were more frequently treated
with oral corticosteroids regardless of a minimal change in FEV1 after bronchoscopy. Since
investigators had the discretion to treat subjects after bronchoscopy based on their clinical
judgment, this finding suggests that they preferred to treat this group of severe asthma
patients based on their baseline clinical data, not events surrounding the bronchoscopic
procedure.

There are some limitations to this study. First, despite the commitment and effort to a
common Bronchoscopy MoP to monitor pulmonary function and respiratory related events,
the nature of the SARP network (eight independent investigator initiated grants) required
flexibility of the actual bronchoscopy procedures to allow investigators to meet the specific
aims of their independent grants. Second, the goal of some sites was to study the most
severe patients, while others focused on a broader range of disease severity. Thus, inherent
variability among the sites confounds interpretation of some of the data and may impact our
ability to generalize our findings to other investigators. Finally, the low incidence of adverse
events in SARP may be a “best case scenario” that reflects the years of experience of many
of our investigators.

The current study used a standardized approach to investigative bronchoscopy in a large
cohort of severe and not severe asthma subjects to prospectively examine changes in lung
function and respiratory related events associated with this research procedure. We
confirmed prior reports describing safety aspects of investigative bronchoscopy in patients
with mild to moderate asthma, but more importantly, our results support the safety of this
procedure in subjects with severe asthma. Despite severe airflow obstruction, complex
medication regimens and recent high health care utilization in the severe asthma groups,
there were very few asthma exacerbations after the procedure and, when they occurred, they
typically resolved within days following the bronchoscopy. Our results confirm that
bronchoscopy with appropriate precautions is well tolerated in patients with mild-moderate
as well as severe asthma and can continue to be a valuable investigative procedure to define
airway inflammation in asthma.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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ICS Inhaled corticosteroids

LABA Long-acting beta-agonist

MoP Manual of Procedures

OCS Oral corticosteroids

PC20 Provocative dose (of methacholine) required to drop FEV1 by ≥20%

SARP Severe Asthma Research Program

VSA Very Severe Asthma
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FIGURE 1.
Change in FEV1 after bronchoscopy in the four groups of subjects. Shown is the % change
in % predicted FEV1 from the first FEV1 before albuterol administration to the lowest
FEV1 following bronchoscopy. There was no statistically significant difference in the
distribution of % change in % predicted FEV1 among the groups (p = 0.30)
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FIGURE 2.
Change in FEV1 after bronchoscopy for individual subjects. There is a mild relationship (r =
-0.21, p < 0.0001) between better baseline lung function and greater % decrease in FEV1.
The closed circles represent the subjects who had asthma exacerbations, the closed triangles
are subjects who went to the emergency department with other complaints.
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TABLE I

INCLUSION CRITERIA FOR SARP BRONCHOSCOPY SUBJECTS

All Subjects

 Age ≥ 18 years and ≤ 60 years*

 Nonsmoking (< 5 pack year tobacco exposure)

 No history of co-existing lung disease

 No uncontrolled co-morbidities

 Able to provide written informed consent

Normal Healthy Controls

 No history of asthma or respiratory symptoms

 Normal pulmonary function tests (FEV1 > 75% predicted, FEV1/FVC > 70%)

 Negative methacholine bronchoprovocation (PC20 ≥ 25 mg/ml)

All Asthma Subjects

 Clinical history consistent with asthma

 Meet ATS criteria for diagnosis of asthma14 with EITHER/OR

• Bronchodilator response to albuterol (≥ 12% change in FEV1)

• Positive methacholine bronchoprovocation (PC20 < 25 mg/ml)†

 Clinically stable asthma as determined by the bronchoscopist

Not Severe Asthma Subjects

 Treatment with no or low dose inhaled corticosteroids

Severe Asthma Subjects

 Meet ATS workshop criteria for the definition of severe/refractory asthma15 with

  ONE Major Characteristic

• Treatment with oral corticosteroids (≥ 20 mg/d) for ≥ 50% of year AND/OR

• Treatment with high-dose inhaled corticosteroids††

  AND AT LEAST TWO Minor Characteristics

• Treatment with additional daily second controller medication

• Short-acting beta-agonist use on a daily or near-daily basis

• Persistent airway obstruction (FEV1 < 80% predicted)

• One or more urgent care visits for asthma per year

• Three or more oral steroid “bursts” per year

• Prompt deterioration with ≤ 25% reduction in corticosteroid dose

• Near-fatal asthma event in the past

*
Upper age limit imposed based on concerns for increasing incidence of significant co-morbidities (such as heart disease, diabetes, hypertension,

renal failure) in subjects > 60 years of age. Investigators were allowed to request approval for older subjects from the steering committee after
review of medical records.

†
Subjects with FEV1 < 55% predicted did not undergo methacholine bronchoprovocation.

††
High dose inhaled corticosteroid defined as a dose equivalent to ≥ 880 mcg fluticasone propionate.
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TABLE II

IDENTIFICATION OF SUBJECTS WITH VERY SEVERE ASTHMA FOR INHOSPITAL OVERNIGHT
OBSERVATION

Subjects with Very Severe Asthma (VSA) meet any ONE of the following criteria:

• Treatment with chronic oral corticosteroid ≥ 20 mg prednisone daily

• Evidence for worsening asthma control/clinical instability in the past two weeks manifest by any ONE of the following*:

– Increase in short-acting beta-agonist use (≥ 8 puffs over baseline in past 48 hours)

– Change in oral corticosteroid dose or escalation of inhaler therapy

– Exacerbation of asthma requiring corticosteroids and/or physician evaluation

• Evidence for chronic clinical asthma instability

– ≥ 6 asthma exacerbations in past 180 days

• Recent hospital based health care utilization

– Hospitalization for asthma within the past 6 months†

– Endotracheal Intubation for asthma symptoms within the past 1 year††

• Severe airflow obstruction with post-bronchodilator FEV1 < 60% predicted

Bronchoscopy was postponed for:

*
14 days if any of these criteria were present,

†
at least 6 weeks after a hospitalization for asthma and

††
more than 6 months after endotracheal intubation.

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moore et al. Page 16

TA
B

LE
 II

I

C
LI

N
IC

A
L 

C
H

A
R

A
C

TE
R

IS
TI

C
S 

O
F 

SU
B

JE
C

TS

N
um

be
r 

of
 S

ub
je

ct
s

N
or

m
al

 9
7

N
ot

 se
ve

re
 1

96
Se

ve
re

 1
02

V
er

y 
se

ve
re

 4
1

p-
va

lu
e 

al
l

p-
va

lu
e 

as
th

m
a 

on
ly

†

A
ge

 a
t E

nr
ol

lm
en

t (
yr

s)
31

 (1
0)

34
 (1

1)
39

 (1
2)

43
 (1

1)
<0

.0
00

1
<0

.0
00

1

G
en

de
r (

%
 fe

m
al

e)
60

63
61

59
0.

94
0.

86

R
ac

e 
(%

 C
au

ca
si

an
)

73
71

65
71

0.
57

0.
48

B
od

y 
M

as
s I

nd
ex

 (B
M

I)
27

 (7
)

28
 (7

)
30

 (6
)

30
 (6

)
0.

00
9

0.
04

 
%

 w
ith

 B
M

I >
 3

0
26

%
26

%
47

%
53

%
<0

.0
00

1
<0

.0
00

1

B
as

el
in

e 
Lu

ng
 F

un
ct

io
n*

 
FE

V
1 

%
 p

re
di

ct
ed

10
0 

(1
1)

88
 (1

5)
73

 (1
6)

55
 (2

1)
<0

.0
00

1
<0

.0
00

1

 
FV

C
 %

 p
re

di
ct

ed
10

2 
(1

1)
96

 (1
3)

85
 (1

7)
74

 (1
7)

<0
.0

00
1

<0
.0

00
1

 
FE

V
1/

FV
C

 (%
)

0.
82

 (0
.1

)
0.

75
 (0

.1
)

0.
67

 (0
.1

)
0.

56
 (0

.1
)

<0
.0

00
1

<0
.0

00
1

M
et

ha
ch

ol
in

e 
ch

al
le

ng
e 

(n
)

97
19

0
68

4

 
PC

20
 (m

g/
m

l)*
*

49
.0

 (0
.0

3)
1.

51
 (0

.6
7)

0.
72

 (0
.6

8)
0.

56
 (0

.8
2)

<0
.0

00
1

0.
00

3

Su
bj

ec
ts

 w
ith

 ≥
1 

po
si

tiv
e 

sk
in

 p
ric

k 
te

st
 (%

)
39

%
85

%
76

%
68

%
<0

.0
00

1
0.

03

A
st

hm
a 

M
ed

ic
at

io
ns

 (%
)

 
In

ha
le

d 
C

or
tic

os
te

ro
id

s
60

%
99

%
90

%
<0

.0
00

1

 
Lo

ng
-a

ct
in

g 
be

ta
-a

go
ni

st
s

43
%

90
%

83
%

<0
.0

00
1

 
O

ra
l C

or
tic

os
te

ro
id

s
1%

21
%

80
%

<0
.0

00
1

H
ea

lth
 C

ar
e 

U
til

iz
at

io
n 

fo
r A

st
hm

a 
(%

)

 
Em

er
ge

nc
y 

R
oo

m
, p

as
t y

r
11

%
40

%
78

%
<0

.0
00

1

 
H

os
pi

ta
liz

at
io

n,
 p

as
t y

r
1%

20
%

59
%

<0
.0

00
1

 
In

te
ns

iv
e 

C
ar

e 
U

ni
t, 

ev
er

9%
35

%
51

%
<0

.0
00

1

N
um

er
ic

 d
at

a 
pr

es
en

te
d 

as
 m

ea
n 

(S
D

) o
r

**
ge

om
et

ric
 m

ea
n 

(lo
g1

0 
SD

).

* Pr
e-

br
on

ch
od

ila
to

r s
pi

ro
m

et
ry

 m
ea

su
re

m
en

ts
 a

fte
r a

n 
ap

pr
op

ria
te

 m
ed

ic
at

io
n 

w
ith

ho
ld

.

† Th
re

e 
w

ay
 c

om
pa

ris
on

 o
f a

st
hm

a 
gr

ou
ps

 o
nl

y.

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moore et al. Page 17

TA
B

LE
 IV

PR
O

C
ED

U
R

A
L 

D
ET

A
IL

S 
D

U
R

IN
G

 B
R

O
N

C
H

O
SC

O
PY

N
um

be
r 

of
 S

ub
je

ct
s

N
or

m
al

 9
7

N
ot

 se
ve

re
 1

96
Se

ve
re

 1
02

V
er

y 
se

ve
re

 4
1

p-
va

lu
e 

al
l

p-
va

lu
e 

as
th

m
a 

on
ly

†

%
 p

re
di

ct
ed

 F
EV

1 
pr

e-
al

bu
te

ro
l

99
 (1

2)
90

 (1
5)

75
 (1

8)
58

 (2
1)

<0
.0

00
1

<0
.0

00
1

%
 p

re
di

ct
ed

 F
EV

1 
po

st
-a

lb
ut

er
ol

10
2 

(1
3)

96
 (1

4)
81

 (1
6)

68
 (2

1)
<0

.0
00

1
<0

.0
00

1

Se
da

tiv
e 

U
se

 (%
 su

bj
ec

ts
)*

 
m

id
az

ol
am

95
%

93
%

97
%

10
0%

0.
18

0.
08

 
fe

nt
an

yl
/a

lfe
nt

an
yl

44
%

58
%

81
%

90
%

<0
.0

00
1

<0
.0

00
1

Sc
op

e 
tim

e 
(m

in
)

24
 (1

0)
24

 (1
0)

27
 (1

1)
32

 (8
)

<0
.0

00
1

<0
.0

00
1

To
ta

l L
id

oc
ai

ne
 U

se
d 

(m
g)

35
5 

(1
94

)
34

7 
(1

51
)

31
2 

(1
65

)
42

5 
(1

17
)

0.
00

3
0.

00
05

Pr
oc

ed
ur

es
 d

on
e 

(%
 su

bj
ec

ts
)

 
B

ro
nc

ho
al

ve
ol

ar
 L

av
ag

e
97

%
89

%
92

%
73

%
0.

00
3

0.
00

5

 
 

B
A

L 
%

 re
co

ve
ry

60
 (1

4)
55

 (1
4)

49
 (1

5)
36

 (1
7)

<0
.0

00
1

<0
.0

00
1

 
B

ro
nc

hi
al

 B
ru

sh
in

gs
79

%
79

%
72

%
83

%
0.

35
.2

1

 
En

do
br

on
ch

ia
l B

io
ps

ie
s

95
%

93
%

98
%

98
%

0.
30

.1
6

 
Tr

an
sb

ro
nc

hi
al

 B
io

ps
ie

s, 
n

0
22

11
13

%
 S

ub
je

ct
s w

ith
 3

 p
ro

ce
du

re
s*

*
76

%
71

%
69

%
66

%
0.

28
0.

70

N
um

er
ic

 d
at

a 
pr

es
en

te
d 

as
 m

ea
n 

(S
D

).

* Th
e 

m
os

t c
om

m
on

 se
da

tiv
es

 u
se

d 
ar

e 
lis

te
d.

 A
lte

rn
at

iv
e 

se
da

tiv
es

 u
se

d 
le

ss
 c

om
m

on
ly

 in
cl

ud
ed

 d
em

er
ol

 (1
0%

 su
bj

ec
ts

) a
nd

 m
or

ph
in

e 
(8

%
 su

bj
ec

ts
).

**
Su

bj
ec

ts
 w

ho
 h

ad
 tr

an
sb

ro
nc

hi
al

 b
io

ps
ie

s d
id

 n
ot

 u
nd

er
go

 B
A

L.

† Th
re

e 
w

ay
 c

om
pa

ris
on

 o
f a

st
hm

a 
gr

ou
ps

 o
nl

y.

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moore et al. Page 18

TA
B

LE
 V

SU
B

JE
C

TS
 W

IT
H

 H
EA

LT
H

 C
A

R
E 

U
TI

LI
ZA

TI
O

N
 A

FT
ER

 B
R

O
N

C
H

O
SC

O
PY

B
as

el
in

e 
C

lin
ic

al
 D

at
a

D
ay

 o
f B

ro
nc

ho
sc

op
y

D
es

cr
ip

tio
n 

of
 E

ve
nt

 a
nd

 T
re

at
m

en
t G

iv
en

†
Su

bj
 #

A
ge

 (y
rs

)/ 
Se

x
A

st
hm

a 
Se

ve
ri

ty
C

hr
on

ic
 O

C
S†

E
D

 P
as

t y
r

B
as

el
in

e 
FE

V
1*

Pr
e 

B
ro

nc
h 

FE
V

1*
Sc

he
du

le
d 

ov
er

ni
gh

t?

1
38

y 
B

F
Se

ve
re

N
Y

60
%

82
%

Y

C
on

tin
ue

d 
ho

sp
 fo

r 4
 d

ay
s f

or
 a

st
hm

a
ex

ac
er

ba
tio

n;
 tr

ea
te

d 
w

ith
 IV

/O
C

S,
 a

nt
ib

io
tic

s

O
n 

re
vi

ew
 o

f e
ve

nt
 p

t h
ad

 a
st

hm
a 

ex
ac

er
ba

tio
n

6 
w

ee
ks

 p
rio

r t
o 

pr
oc

ed
ur

e 
an

d 
re

m
ot

e 
h/

o
br

ea
st

 c
an

ce
r w

ith
 c

he
st

 ir
ra

di
at

io
n 

(b
ut

 n
or

m
al

cu
rr

en
t C

X
R

)

2
58

y 
W

F
Se

ve
re

Y
Y

63
%

54
%

Y
C

on
tin

ue
d 

ho
sp

 o
bs

er
va

tio
n 

fo
r 1

 e
xt

ra
 d

ay
 fo

r
as

th
m

a 
ex

ac
er

ba
tio

n;
 tr

ea
te

d 
w

ith
 O

C
S,

an
tib

io
tic

s

3
42

y 
B

F
V

SA
Y

Y
59

%
52

%
Y

C
on

tin
ue

d 
ho

sp
 o

bs
er

va
tio

n 
fo

r 1
 e

xt
ra

 d
ay

 fo
r

as
th

m
a 

ex
ac

er
ba

tio
n,

 c
he

st
 p

ai
n;

 tr
ea

te
d 

w
ith

IV
/O

C
S

4
18

y 
B

F
Se

ve
re

N
Y

81
%

79
%

N

U
np

la
nn

ed
 o

ve
rn

ig
ht

 h
os

p 
du

e 
to

 fa
ilu

re
 to

 m
ee

t
FE

V
1 

di
sc

ha
rg

e 
cr

ite
ria

; t
re

at
ed

 w
ith

 O
C

S

O
n 

re
vi

ew
 o

f e
ve

nt
 p

t h
ad

 a
st

hm
a 

ex
ac

er
ba

tio
n

12
 w

ee
ks

 p
rio

r t
o 

pr
oc

ed
ur

e

5
22

y 
W

F
V

SA
Y

Y
40

%
44

%
N

B
ro

nc
ho

sc
op

y 
w

as
 n

ot
 c

om
pl

et
ed

 d
ue

 to
in

ab
ili

ty
 to

 p
as

s v
oc

al
 c

or
ds

ED
 v

is
it 

3 
da

ys
 a

fte
r b

ro
nc

ho
sc

op
y 

fo
r a

st
hm

a
ex

ac
er

ba
tio

n 
w

ith
 sy

nc
op

e;
 C

TA
 sh

ow
ed

 n
o

PE
; t

re
at

ed
 w

ith
 O

C
S,

 a
nt

ib
io

tic
s

6
35

y 
W

F
V

SA
Y

Y
37

%
36

%
Y

D
is

ch
ar

ge
d 

in
 st

ab
le

 c
on

di
tio

n 
af

te
r o

ve
rn

ig
ht

st
ay

.

R
et

ur
ne

d 
to

 E
D

 th
at

 e
ve

ni
ng

 w
ith

 p
le

ur
iti

c 
ch

es
t

pa
in

; t
re

at
ed

 w
ith

 a
na

lg
es

ic
s o

nl
y

7
24

y 
B

M
Se

ve
re

N
Y

41
%

46
%

N
ED

 v
is

it 
(th

en
 h

os
p)

 6
 d

ay
s a

fte
r b

ro
nc

ho
sc

op
y

fo
r c

he
st

 p
ai

n;
 C

T 
sh

ow
ed

 p
ne

um
at

oc
oe

le
 in

ar
ea

 w
he

re
 tr

an
sb

ro
nc

hi
al

 b
io

ps
ie

s w
er

e 
do

ne
,

su
pp

or
tiv

e 
ca

re
 o

nl
y

8
49

y 
B

F
V

SA
Y

Y
35

%
48

%
Y

D
is

ch
ar

ge
d 

in
 st

ab
le

 c
on

di
tio

n 
af

te
r o

ve
rn

ig
ht

st
ay

.

R
et

ur
ne

d 
to

 E
D

 2
 d

ay
s a

fte
r b

ro
nc

ho
sc

op
y 

fo
r

lo
w

er
 e

xt
re

m
ity

 ra
sh

; t
re

at
ed

 w
ith

 O
C

S,
 a

nt
i-

hi
st

am
in

es
 fo

r a
lle

rg
ic

 re
ac

tio
n.

 N
ot

 c
le

ar
ly

re
la

te
d 

to
 p

ro
ce

du
re

.

9
43

y 
B

F
N

ot
 se

ve
re

N
N

92
%

93
%

N
ED

 v
is

it 
3 

da
ys

 a
fte

r b
ro

nc
ho

sc
op

y 
fo

r s
ud

de
n

SO
B

 d
ue

 to
 p

an
ic

 a
tta

ck
; N

o 
tre

at
m

en
t g

iv
en

.
N

ot
 re

la
te

d 
to

 p
ro

ce
du

re
.

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moore et al. Page 19
* FE

V
1 

pr
es

en
te

d 
as

 %
 p

re
di

ct
ed

 F
EV

1.

† A
bb

re
vi

at
io

ns
: I

V
 C

S 
= 

in
tra

ve
no

us
 c

or
tic

os
te

ro
id

s, 
C

S 
= 

or
al

 c
or

tic
os

te
ro

id
s, 

C
X

R
 –

 c
he

st
 ra

di
og

ra
ph

, C
T 

or
 C

TA
 =

 c
he

st
 C

T 
w

ith
 a

ng
io

gr
am

 (P
E 

pr
ot

oc
ol

), 
PE

 =
 p

ul
m

on
ar

y 
em

bo
lis

m
.

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 August 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Moore et al. Page 20

TA
B

LE
 V

I

SY
M

PT
O

M
S 

A
N

D
 T

R
EA

TM
EN

TS
 1

-3
 D

A
Y

S 
A

FT
ER

 B
R

O
N

C
H

O
SC

O
PY

N
um

be
r 

of
 S

ub
je

ct
s

N
or

m
al

 9
7

N
ot

 se
ve

re
 1

96
Se

ve
re

 1
02

V
er

y 
se

ve
re

 4
1

p-
va

lu
e 

al
l

p-
va

lu
e†

 a
st

hm
a 

on
ly

C
ou

gh
*

54
%

50
%

47
%

78
%

0.
00

2
0.

01

C
he

st
 P

ai
n*

2%
11

%
17

%
35

%
0.

15
0.

12

Sh
or

tn
es

s o
f B

re
at

h*
3%

14
%

23
%

53
%

0.
14

0.
07

B
lo

od
 st

re
ak

ed
 S

pu
tu

m
15

%
17

%
23

%
38

%
0.

02
0.

02

N
au

se
a

6%
4%

7%
8%

0.
53

0.
35

Fe
ve

r
7%

4%
11

%
2%

0.
06

0.
02

M
ed

ic
at

io
ns

 U
se

d

Po
st

-p
ro

ce
du

re

 
A

nt
ip

yr
et

ic
15

%
12

%
23

%
20

%
0.

12
0.

06

 
A

nt
ib

io
tic

0%
0%

4%
8%

0.
00

07
0.

00
3

 
Pr

ed
ni

so
ne

4%
25

%
63

%
<0

.0
00

1

D
at

a 
pr

es
en

te
d 

as
 %

 o
f s

ub
je

ct
s.

* p 
va

lu
e 

ad
ju

st
ed

 fo
r b

as
el

in
e 

sy
m

pt
om

 fr
eq

ue
nc

y 
re

po
rte

d 
on

 c
lin

ic
al

 c
ha

ra
ct

er
iz

at
io

n 
qu

es
tio

nn
ai

re
.

† Th
re

e 
w

ay
 c

om
pa

ris
on

 o
f a

st
hm

a 
gr

ou
ps

 o
nl

y.

J Allergy Clin Immunol. Author manuscript; available in PMC 2012 August 1.


