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Summary. Introduction: Bronchiectasis is a well-known sequela of chronic pulmonary aspira-

tion (CPA) that can result in significant respiratory morbidity and death. However, its true preva-

lence is unknown because diagnosis requires high resolution computed tomography which is

not routinely utilized in this population. This study describes the prevalence, time course for

development, and risk factors for bronchiectasis in children with CPA. Materials and Methods:

Using a cross-sectional design, medical records were reviewed for all patients with swallow

study or airway endoscopy-confirmed aspiration in our airway center over a 21 month period.

All patients underwent rigid and flexible bronchoscopy, and high resolution chest computed

tomography. Prevalence, distribution, and risk factors for bronchiectasis were identified.

Results: One hundred subjects age 6 months to 19 years were identified. Overall, 66% had

bronchiectasis, including 51% of those less than 2 years old. The youngest was 8 months old.

Severe neurological impairment (OR 9.45, P < 0.004) and history of gastroesophageal reflux

(OR 3.36, P ¼ 0.036) were identified as risk factors. Clinical history, exam, and other co-mor-

bidities did not predict bronchiectasis. Sixteen subjects with bronchiectasis had repeat chest

computed tomography with 44% demonstrating improvement or resolution. Discussion: Bron-

chiectasis is highly prevalent in children with CPA and its presence in young children demon-

strates that it can develop rapidly. Early identification of bronchiectasis, along with interventions

aimed at preventing further airway damage, may minimize morbidity and mortality in patients

with CPA. Pediatr Pulmonol. 2012; 47:447–452. � 2011 Wiley Periodicals, Inc.
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INTRODUCTION

Bronchiectasis is the abnormal dilatation of bronchi
and bronchioles that results from damage to the airways
caused by infection and inflammation.1,2 It can lead to
considerable morbidity including chronic cough, recur-
rent infections, and impaired lung function.3 When
bronchiectasis develops during childhood it may be-
come irreversible and lead to chronic disease into adult-
hood with increased risk for mortality due to
respiratory failure.2,4

The current gold standard for diagnosis of bronchiec-
tasis is high resolution chest CT (HRCT). HRCT is a
radiographic technique ideally suited to evaluate diffuse
lung diseases and the images obtained are representa-
tive of those found on histopathology.5 HRCT uses lim-
ited sampling which allows radiation doses to be
minimized and current protocols deliver doses equiva-
lent to 6 weeks of ambient radiation exposure.6

Chronic pulmonary aspiration (CPA) is a well-known
cause of bronchiectasis in children, but several recent
reviews of non-cystic fibrosis bronchiectasis implicate
CPA as the cause in only 2–18% of cases.7–11 Because
HRCT is not routinely utilized in the evaluation and
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management of children with CPA, this cause of bron-
chiectasis may be underrepresented in these studies.

Chronic pulmonary aspiration is characterized by the
recurrent spillage of food, regurgitated material due to
gastro-esophageal reflux, and/or oral secretions into
the subglottic airways.12 Causes include dysfunctional
swallowing, impaired airway protective responses,
and abnormal anatomical connections between the air-
way and gastrointestinal tract. CPA is the leading
cause of death in children with severe neurological
disorders.13–15 Clinical symptoms are non-specific, in-
cluding chronic cough, wheezing, and recurrent pneu-
monia.12,16 When these symptoms are caused by other
conditions, however, bronchiectasis is not an expected
finding.17

Video fluoroscopic swallowing studies (VSS) and
fiberoptic-endoscopic evaluation of swallowing (FEES)
are part of the diagnostic evaluation for CPA.18,19 In
addition, flexible bronchoscopy with bronchoalveolar
lavage (BAL) can be performed to obtain lower respira-
tory secretions for culture and cytological analysis, and
aid in the identification of anatomical abnormalities.
Rigid bronchoscopy is the preferred method for evalua-
tion of suspected laryngeal cleft or tracheoesophageal
fistula (TEF).20

The prevalence of bronchiectasis in children with
CPA has not been well described nor is it clear if the
presence of bronchiectasis is related to the mechanism
of aspiration, the material aspirated, or other clinical
correlates (such as: gender, prematurity, tracheostomy
status, ventilator dependence, or severe neurological
disease). The aim of this study is to describe the preva-
lence, distribution, and time course for the development
of bronchiectasis in children with CPA. We compare
the symptoms, physical exam findings, and lower air-
way inflammatory markers of those with and without
bronchiectasis and attempt to identify predictors of its
presence. We also investigate the role of CPA etiology
and co-morbidities as possible risk factors for the devel-
opment of bronchiectasis.

MATERIALS AND METHODS

Study Population

The study was approved by the Institutional Review
Board and a waiver of informed consent was granted.
The study population was selected from our Aerodiges-
tive and Sleep Center. This program is a tertiary referral
program in which children with multi-system disease
receive coordinated multi-disciplinary evaluation and
treatment for airway reconstruction, chronic aspiration,
and feeding disorders. Approximately 100 new pediatric
patients are evaluated annually, many of whom are sus-
pected of having CPA as a part of their clinical spec-
trum. Medical records were reviewed for all new

patients diagnosed with CPA after evaluation in this
center between July 2006 and March 2009.

Diagnostic Evaluation

All patients underwent rigid and flexible bronchosco-
py, HRCT of the chest, and at least one swallowing
study at the time of their initial evaluation. The diagno-
sis of CPA was made if the swallowing study (VSS or
FEES) demonstrated aspiration, or if either a laryngeal
cleft (excluding type I cleft) or TEF was identified on
endoscopic examination. Chest HRCT was performed
using controlled ventilation techniques with thin
(1 mm) images obtained at intervals of 10 mm during a
controlled inspiratory breath hold and then again at
20 mm intervals in exhalation. Images were reviewed
for the presence and location of bronchiectasis as speci-
fied by the radiographic definition described in the
Fleischner Society lexicon.21 Patient characteristics in-
cluding co-morbid conditions are described in Table 1.
Their presenting symptoms and physical exam findings
were recorded. BAL fluid analysis was reviewed to
identify markers of airway inflammation and infection
(defined as >106 colonies/ml of a single organism on
bacterial culture). When available, results of esophageal
impedance studies and any follow-up HRCT scans were
also reviewed.

Statistical Analysis

Summary statistics were used to describe the age at
identification of bronchiectasis and the extent and ana-
tomical distribution of bronchiectasis when present.
The frequency of respiratory symptoms, physical
exam findings, and co-morbid conditions were com-
pared between those with and without bronchiectasis
using Chi-square or Fisher’s exact tests (depending on
sample size). Age and mean percent neutrophils
and lipid laden macrophages were compared using
the Kruskal–Wallis non-parametric test. The proportions
of subjects with airway infection were compared
using a Chi-Square test. Potential risk factors for the

TABLE 1—Patient Characteristics

Age (mean in months) 6 month–19 year (49)

Gender (M, F) 56, 44

VSS positive for aspiration (%) 62

FEES positive for aspiration (%) 51

Laryngotracheoesophageal cleft or TEF (%) 12

Premature birth (%) 53

Severe neurological impairment (%) 30

Tracheostomy status (%) 50

Ventilator dependence (%) 9

Reported history of GER (%) 80

History of prior fundoplication (%) 56
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development of bronchiectasis within this population of
children with CPA were evaluated by logistic regres-
sion. The initial model included: age, gender, history of
GER, positive esophageal impedance study, history of
gastric fundoplication, prematurity (<37 weeks gesta-
tion), airway anatomical abnormalities, severe neuro-
logical impairment, tracheostomy status, and ventilator
dependence. All statistical tests were performed using
SAS 9.2 (The SAS Institute Inc. Cary, NC). Values of
P < 0.05 were considered statistically significant.

RESULTS

One-hundred children met the inclusion criteria for
this study. Their demographics, diagnostic evaluation
results, and clinical characteristics are described in
Table 1. Bronchiectasis was identified in 66% of sub-
jects at the time of initial evaluation. A representative
example of the HRCT findings is shown in Figure 1.
The prevalence was similar in subjects younger than
2 years (51%), with the youngest subject only 8 months
old. Overall, bronchiectasis occurred bilaterally in 48%
and was isolated to a single lobe in only 14% of cases.
The most commonly affected lobes were the left
lower lobe (52%), right lower lobe (50%), and right up-
per lobe (43%). Involvement of the lingula (4%), left
upper lobe (13%), and right middle lobe (11%) was less
frequent.

Table 2 compares patient characteristics, frequency
of respiratory symptoms, physical exam findings, results

of BAL fluid analysis, and co-morbid conditions be-
tween subjects with and without bronchiectasis. There
was a modest difference in age, but no significant dif-
ferences were identified between the groups with re-
spect to symptom history (chronic cough, wheezing,
chest congestion, recurrent pneumonia), physical exam
(crackles, wheezing, clubbing), or BAL analysis (bacte-
rial infection, neutrophil percentage, percent of lipid
laden macrophages). Notably, 72% of these children
with CPA had fewer than 5% of macrophages stained
positive for lipid.
Logistic regression analysis identified severe neuro-

logical impairment and parental report of prior history
of GER as the only significant predictors for the pres-
ence of bronchiectasis with odds ratios of 9.45 (95% CI
2.05–43.6) and 3.36 (95% CI 1.08–10.43), respectively.
Bronchiectasis was present in 93% of the 30 subjects
who had severe neurological impairment. There was no
statistically significant association between the presence
of bronchiectasis and any of the other covariates, which
were removed from the final model.
Sixteen subjects with bronchiectasis on their initial

HRCT scan had a subsequent scan performed. Bronchi-
ectasis was reported as improved or resolved in seven
(44%), stable in six (38%), and progressed in three
(18%). In the three patients who had disease progres-
sion, one was later found to have immunodeficiency
secondary to impaired T-cell function, one was found to
have a large paraesophageal hernia with pooling of gas-
tric fluid in the distal esophagus, and one had severe
neurological impairment and persistent aspiration of sa-
liva despite treatment.

DISCUSSION

The prevalence of bronchiectasis in children with
CPA in our study was high and was seen in children as
young as 8 months of age suggesting that airway
remodeling begins early in response to repeated aspira-
tion events. The occult development of progressive
lung disease in this population is concerning, since
bronchiectasis has the potential to develop into a life-
long chronic disease with considerable morbidity and
mortality.1,2 In our clinical practice, the finding of
bronchiectasis increases our urgency to intervene to
prevent further aspiration, even when the interventions
are surgical or require major lifestyle changes. A known
diagnosis of bronchiectasis may lower the threshold
for initiating antibiotic therapy, extend the duration of
antibiotics, and lead to institution of regular airway
clearance.2,22,23

The high prevalence of bronchiectasis in CPA and its
rarity in the general population support a potential role
for HRCT in the diagnostic evaluation of CPA. The sen-
sitivity of swallowing studies varies, and abnormal

Fig. 1. High-resolution Chest CT demonstrating diffuse bron-

chiectasis. There are numerous dilated and thickened bronchi

that exceed the diameter of their corresponding blood vessels.

The bronchiectatic airways are most abundant in the posterior

segments of the lower lobes.
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swallowing function with vestibular penetration of food
material is frequently identified in the absence of visu-
alized spillage into the subglottic airway. Results are
often reported as indeterminate or ‘‘at risk for aspira-
tion.’’ In this subset of patients, where the suspicion of
CPA is high, the presence or absence of bronchiectasis
may substantially improve the positive and negative
predictive value of VSS and FEES. Further study is
needed to formally evaluate the diagnostic value of
HRCT in this population.

This study suggests that respiratory symptoms, physi-
cal exam findings, and much of the clinical history do
not predict which children with CPA have developed
bronchiectasis. Bronchiectasis was not related to co-
morbidities such as prematurity, tracheostomy, or venti-
lator dependence. Not surprisingly, severe neurological
impairment was an independent predictor for the pres-
ence of bronchiectasis. Impaired airway protective
responses, prolonged time in the recumbent position,
and reduced airway clearance mechanisms associated
with compromised chest mechanics likely contribute to
this finding.24 Since the estimated mortality rate is 33%
by age 20 years in this population, with aspiration
pneumonia (21%) and other respiratory complications
(40%) implicated as the leading causes of death, early
identification, and treatment of bronchiectasis may sig-
nificantly impact mortality.13,15

We expected that the role of GER as a risk factor for
bronchiectasis would be difficult to ascertain in a

retrospective design and sought to evaluate this by vari-
ous approaches. Regardless, our results are difficult to
interpret. While presenting with a reported history of
GER was associated with a threefold increase in the
prevalence of bronchiectasis, there was no correlation
found with positive results on esophageal impedance
monitoring at the time of evaluation, nor was there any
apparent protective effect of previous gastric fundopli-
cation. It is possible that the bronchiectasis found on
HRCT, in some instances, developed prior to the perfor-
mance of a fundoplication. Additionally, as suggested
by others, the finding of GER on esophageal impedance
likely demonstrates opportunities to aspirate rather than
proof of aspiration itself; which limits this tool in the
assessment of CPA.25 Overall, lung injury is the out-
come of greatest concern in children with CPA. Given
that the severity of aspiration is difficult to quantify and
most clinical indicators (aside from CNS impairment)
are not predictive, HRCT could be more readily utilized
in the evaluation of CPA to identify which patients
have developed significant lung injury.
Only one quarter of our population of children with

CPA had lipid laden macrophages on BAL fluid in ex-
cess of 5%. There are several potential explanations for
this finding. First, the majority of the diagnostic evalua-
tions were performed on patients referred from other
centers and occurred at a time when the patients were
considered to be at their baseline health. Many patients
already had their feeding modified due to known

TABLE 2—Comparison of History, Physical Exam, BAL Analysis, and Co-Morbid Conditions Between Children With and
Without Bronchiectasis

Bronchiectasis No bronchiectasis P-value

History of chronic cough (%) 70.3 63.6 NS1

History of wheezing (%) 36.5 45.5 NS1

History of chest congestion (%) 51.6 39.4 NS1

History of recurrent pneumonia 55.4 48.5 NS1

Crackles on physical exam (%) 15.9 9.1 NS2

Wheezing on physical exam (%) 3.2 9.1 NS2

Clubbing (%) 3.2 3.0 NS2

Bacterial infection by BAL culture (%) 32.8 29.4 NS1

BAL neutrophils (% of WBC) 43.8 45.0 NS3

BAL LLM (% of macrophages) 4.9 4.1 NS3

Age (mean in months) 53.8 40.5 0.043

Gender (% male/% female) 59/41 50/50 NS1

Preterm birth (%) 53.2 60.6 NS1

Severe neurological impairment (%) 42.4 5.9 <0.0041

Status tracheostomy (%) 56.1 39.4 0.121

Ventilator dependent (%) 7.6 12.1 NS1

Parent reported history of GER (%) 89.4 65.6 0.0361

GER based on impedance study (%) 31.1 24.1 NS1

History of prior fundoplication (%) 57.6 52.9 NS1

LLM, lipid laden macrophages; NS, non-significant.
1Chi-square;
2Fisher’s exact test;
3Kruskal–Wallis non-parametric test.
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dysphagia. It is therefore quite likely that some of these
children were ‘‘aspirators’’ whose oral intake restric-
tions helped prevent them from aspirating significantly
in the days or weeks that preceded their evaluation.
This is further supported by the lack of association be-
tween BAL markers of infection or inflammation, and
the presence of bronchiectasis. Additionally, these find-
ings may reflect an inherent limitation in the ability of
lipid laden macrophages to reliably identify children
with chronic aspiration.19,26–30

A striking result was the finding, even in this chal-
lenging patient population, that bronchiectasis can
improve. At our center, therapeutic interventions are in-
dividually tailored for each patient and often include
feeding modification, airway clearance therapy, gastric
fundoplication, and therapies aimed at reducing the vol-
ume of salivary gland secretions. Although only 16 of
the children in our study had chest HRCT repeated,
81% had stable or improved bronchiectasis. Most of
these children had repeat HRCT performed due to in-
complete resolution of coughing and wheezing despite
interventions to manage their aspiration. There was un-
certainty as to whether these symptoms were due to on-
going aspiration or other underlying pulmonary disease.
Given the diagnostic challenges in CPA, including the
limited sensitivity of any single evaluation, HRCT may
serve a useful role in ongoing management.

There are several limitations to the study. The retro-
spective design limits definitive insight into the relation-
ship between the duration and severity of aspiration and
the development of bronchiectasis. Due to the variable
and sporadic nature of CPA, this would be difficult to
establish even in a prospective clinical study. This study
was not designed to compare treatment outcomes
(which were variable and individually tailored) in this
population. While the chart reviews captured some out-
come data regarding improvement or progression of
bronchiectasis, in those patients who had follow-up
HRCT scans, the decision to do so was driven by clini-
cal symptoms rather than formal methodological fol-
low-up, thereby limiting the conclusions that can be
drawn.

This study demonstrates that CPA frequently results
in bronchiectasis even at a very early age. It occurs at
an alarming rate in patients with severe neurological
impairment and may also be more common in those
with GER. Because early identification of bronchiecta-
sis due to CPA may alter treatment, and improvement
or resolution is achievable, HRCT should be strongly
considered in this population. In particular, the results
of this study support consideration of chest HRCT
for1 the child in whom chronic aspiration is highly
suspected on clinical grounds, but VSS and FEES are
inconclusive;2 the child in whom the diagnosis of
chronic aspiration has been established, but therapeutic

interventions have been unsuccessful, and ongoing
symptoms may be due to bronchiectasis rather than
ongoing aspiration; and3 as a marker of disease severity
in children being considered for laryngo-tracheal
separation. Given the poor ability of clinical history,
symptoms, or physical exam findings to predict bron-
chiectasis, coupled with the difficulty at times in estab-
lishing which children are aspirating significantly,
HRCT may also serve an important role in the routine
evaluation and follow-up of children suspected of hav-
ing CPA. Prospective studies are needed to determine
whether early identification of bronchiectasis alters
prognosis in CPA, which treatment modalities are most
effective for the treatment of CPA, and to better define
the role of HRCT as a clinical and research outcome
measure in this population.
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