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. Background Premature birth affects millions of neonates each year, placing them at risk for
respiratory disease due to prematurity. Bronchopulmonary dysplasia is the most common chronic
lung disease of infancy, but recent data suggest that even premature infants who do not meet the
strict definition of bronchopulmonary dysplasia can develop adverse pulmonary outcomes later in
life. This post-prematurity respiratory disease (PPRD) manifests as chronic respiratory symptoms,
including cough, recurrent wheezing, exercise limitation, and reduced pulmonary function. This
document provides an evidence-based clinical practice guideline on the outpatient management of
infants, children, and adolescents with PPRD.



A multidisciplinary panel of experts posed questions regarding the outpatient management of
PPRD. We conducted a systematic review of the relevant literature. The Grading of
Recommendations, Assessment, Development, and Evaluation approach was used to rate the
quality of evidence and the strength of the clinical recommendations.

The panel members considered the strength of each recommendation and evaluated the benefits
and risks of applying the intervention. In formulating the recommendations, the panel considered
patient and caregiver values, the cost of care, and feasibility. Recommendations were developed
for or against three common medical therapies and four diagnostic evaluations in the context of the
outpatient management of PPRD.

The panel developed recommendations for the outpatient management of patients with PPRD on
the basis of limited evidence and expert opinion. Important areas for future research were identified.
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Results Question 1: Should infants, children, and adolescents born preterm (gestational age less
than 37 wk) with PPRD and who have respiratory symptoms (wheezing, cough, tachypnea) receive
short- acting, inhaled bronchodilators?

Question 2: Should infants, children, and adolescents born preterm (gestational age less than 37
wk) with PPRD and who have respiratory symptoms (wheezing, cough, tachypnea) routinely
receive inhaled corticosteroids?

Question 3: Should infants, children, and adolescents born preterm (gestational age less than 37
wk) with PPRD and who have respiratory symptoms (wheezing, cough, tachypnea) routinely
receive diuretic therapy?

Question 4: Should all infants, children, and adolescents born preterm (gestational age less than 37
wk) with PPRD undergo baseline diagnostic PSG?

Question 5: Should all infants, children, and adolescents born preterm (gestational age less than 37
wk) with PPRD undergo a swallow evaluation?

Question 6: Should all infants, children, and adolescents born preterm (gestational age less than 37
wk) with PPRD undergo airway endoscopy?

Question 7: Should all infants, children, and adolescents born preterm (gestational age less than 37
wk) with PPRD undergo diagnostic imaging for TBM?

For infants, children, and adolescents with post-prematurity respiratory disease (PPRD) who do not
have recurrent respiratory symptoms, we suggest that short-acting inhaled bronchodilator therapy
not be routinely prescribed ( conditional recommendation, very-low-certainty evidence ).

For infants, children, and adolescents with PPRD who have recurrent respiratory symptoms (such
as cough or wheeze), we suggest a trial of a short-acting inhaled bronchodilator with monitoring to
assess for clinical improvement in symptoms ( conditional recommendation, very-low-certainty
evidence ).



For infants, children, and adolescents with PPRD who do not have chronic cough and recurrent
wheezing, we suggest that inhaled corticosteroids not be routinely prescribed ( conditional
recommendation, very-low-certainty evidence ).

For infants, children, and adolescents with PPRD who have chronic cough or recurrent wheezing,
we suggest a trial of inhaled corticosteroids with monitoring to assess for clinical improvement in
symptoms ( conditional recommendation, very-low-certainty evidence ).

For infants, children, and adolescents with PPRD, we suggest against the routine use of diuretics (
conditional recommendation, very-low-certainty evidence ).

For infants with PPRD who are discharged from the Neonatal Intensive Care Unit (NICU) on chronic
diuretic therapy, we suggest discontinuation in a judicious manner ( conditional recommendation,
very-low-certainty evidence ).

For infants with PPRD who are otherwise ready to be discharged from the NICU, we suggest the
use of polysomnography (PSG) for patients with persistent apnea, intermittent desaturation, or
bradycardia at greater than 40 weeks’ postmenstrual age (PMA) ( conditional recommendation,
very-low-certainty evidence ).

For infants, children, and adolescents with PPRD, we suggest the use of PSG and/or a sleep
medicine referral for those with symptoms of sleep-disordered breathing (SDB), including persistent
snoring, failure to thrive, or a persistent need for supplemental oxygen at 2 years of age (
conditional recommendation, very-low-certainty evidence ).

When PSG is indicated but not available, we recommend that overnight or 24-hour oximetry be
performed to screen for SDB, followed by PSG and/or a sleep medicine referral for further
evaluation if needed ( conditional recommendation, very-low-certainty evidence ).

For infants, children, and adolescents with PPRD, we suggest a swallow evaluation
(videofluoroscopic swallow study [VFSS]) for those who are eating by mouth and have cough or
persistent oxygen desaturation during feeding, suspected or confirmed vocal cord paralysis or other
airway anomalies, failure to wean from oxygen therapy or ventilatory support as expected,
persistent or worsening pulmonary hypertension, failure to thrive, or chronic pulmonary symptoms
out of proportion to viral respiratory infections ( conditional recommendation, very-low-certainty
evidence ).

For infants, children, and adolescents with PPRD, we suggest airway endoscopy for those with
unexplained symptoms such as chronic cough, wheezing, ventilator dependence, persistent
hypoxemia, or a history of patent ductus arteriosus (PDA) ligation with stridor and weak cry (
conditional recommendation, very-low-certainty evidence ).

For infants, children, and adolescents with PPRD who do not have symptoms suggestive of airway
malacia, we suggest that dynamic airway imaging (computed tomography [CT] or magnetic
resonance imaging [MRI]) not be used as a screening test for the routine diagnosis of
tracheobronchomalacia (TBM) ( conditional recommendation, very-low-certainty evidence ).

We suggest that unsedated, dynamic airway imaging (CT or MRI) be used for the diagnosis or
reevaluation of TBM in patients with PPRD who have recurrent symptoms suggestive of airway
malacia as an alternative to bronchoscopy when the risks from anesthesia for bronchoscopy are
judged to be greater than the risks from radiation or when bronchoscopy is not feasible or available
( see Figure 1 ) ( conditional recommendation, very-low-certainty evidence ).

Diagnostic algorithm for patients with post-prematurity respiratory disease and concern for
tracheobronchomalacia. Angio = angiography; CT = computed tomography; MRI = magnetic



resonance imaging; PEEP = positive end-expiratory pressure; PMA = postmenstrual age; PPV =
positive-pressure ventilation.

Worldwide, approximately 12 million neonates (10% of live births) are born prematurely and are at
risk for respiratory disease, which leads to increased morbidity and mortality ( 1 – 3 ). The most
common chronic lung disease of infancy (CLDI) associated with preterm birth is bronchopulmonary
dysplasia (BPD), with approximately 12–15,000 cases of BPD occurring annually in the United
States alone ( 4 – 6 ).

Premature infants who do not meet the definition of BPD may develop adverse pulmonary
outcomes later in life, including cough, recurrent wheezing, exercise intolerance, hypoxemia, and
reduced pulmonary function ( 7 – 12 ). Disrupted lung development due to prematurity is associated
with lifelong respiratory sequelae, including chronic obstructive pulmonary disease ( 13 – 20 ).
Children born preterm require frequent clinic visits, increased use of respiratory medications, and
increased hospitalizations ( 21 – 25 ).

In 2003, the American Thoracic Society (ATS) published the “Statement on the Care of the Child
with Chronic Lung Disease of Infancy and Childhood,” which addressed the epidemiology,
pathophysiology, and treatment of CLDI and childhood ( 26 ). This ATS statement has been a
highly used clinical tool for the management of patients with CLDI. Advancements such as
antenatal steroids, postnatal surfactants, and protective ventilation strategies have led to a marked
increase in the survival of premature infants born much earlier in gestation. However, the increased
survival of extremely preterm infants has led to a developmental arrest of alveolar and pulmonary
vascular growth termed “new BPD” ( 27 ). Thus, there was a pressing need for updated guidance to
assist clinicians who care for patients born preterm in the modern era.

These recommendations are intended to aid clinicians in the outpatient management of infants,
children, and adolescents with PPRD, regardless of the degree of prematurity, the severity of
disease, the disease phenotype ( 28 ), or the age of the patient at the time of presentation. Whether
or not to begin a therapy or order a diagnostic study should be made on an individual basis,
considering the patient’s symptoms and clinical presentation.

We have used the term “PPRD” for defining the patient population with respiratory disease that is
directly associated with premature birth (less than 37 weeks’ PMA), including those who were born
prematurely but did not meet the definition for BPD ( 29 ). This is in contrast with the previous ATS
statement, in which the term “CLDI” was used. CLDI consists of a heterogeneous group of
respiratory diseases in preterm and full-term infants ( 26 ). CLDI includes BPD, other chronic
respiratory diseases of prematurity not meeting the strict criteria for BPD, and chronic lung diseases
in full-term infants, such as those associated with congenital diaphragmatic hernia and other forms
of pulmonary hypoplasia. Although these conditions in full-term infants may be clinically similar to
BPD, their underlying pathophysiology is strikingly different. For this reason, these
recommendations focus on the outpatient management of patients with PPRD ( 29 ).

This clinical practice guideline was developed in accordance with ATS policies and procedures. We
used the Grading of Recommendations, Assessment, Development, and Evaluation approach ( 30 ,
31 ) to formulate clinical questions, identify and summarize relevant evidence, and develop
recommendations for clinical practice.

The co-chairs (A.I.C. and C.D.B.) submitted a proposal that was reviewed and approved by the ATS
Assembly of Pediatrics, Program Review Subcommittee, and Board of Directors. A multidisciplinary
panel of international specialists with expertise in PPRD and guideline development methodology
was formed. Represented disciplines included pediatric pulmonology, neonatology, otolaryngology,
sleep medicine, radiology, and nursing, and families of patients with PPRD were also included.
Conflicts of interest were disclosed and managed appropriately. The committee identified seven
specific questions, with three addressing the clinical management of patients with active symptoms



and four addressing diagnostic methods. The patient/intervention/comparator/outcome (PICO)
format was used to formulate each question. A formal search strategy of EMBASE, Medline, the
Cochrane Library, the Cumulative Index to Nursing and Allied Health Literature, and the Web of
Science was performed ( see the online supplement). We included studies of infants, children, and
adolescents who were born preterm (less than 37 weeks’ PMA) who had already been discharged
from the hospital. Because of the lack of outpatient-based evidence for several questions, studies
of preterm infants before NICU discharge (age greater than 36 weeks’ PMA at the time of study)
were included. Detailed methods are included in the online supplement.

Patients with PPRD are at increased risk of respiratory morbidity, cough and wheeze, and
respiratory hospitalizations, and asthma is diagnosed in up to 25% ( 25 , 32 – 35 ). Morbidity
increases with decreasing gestational age but remains significant among children born mid-to-late
preterm ( 36 , 37 ). Cohort studies demonstrate a high incidence of bronchodilator use in this
population ( 38 – 40 ). However, the overlap between respiratory disease in children born preterm
and asthma is not clear ( 41 ). Although many children born preterm develop asthma-like
symptoms, they are less likely to demonstrate airway hyperresponsiveness and may be less
responsive to bronchodilators ( 42 – 44 ). They may have fixed airway obstruction or large airway
diseases like tracheomalacia ( 45 ).

Children with atopy or asthma (or a family history of these conditions) may benefit from
bronchodilators ( 46 ). Those born at less than 32 weeks’ PMA or those with BPD may benefit
differently from children without PPRD. Children with TBM can have a paradoxical response to
bronchodilator therapy ( 47 ). Long-acting bronchodilators and anticholinergic agents, although
components of asthma therapy, are infrequently used in patients with PPRD. This question focuses
specifically on the use of short-acting β 2 -agonists (such as albuterol) as needed, given that this is
the most common type and indication for bronchodilators in this population.

The outcomes considered critical or important for this review were wheezing, dyspnea, quality of
life, missed school, hospital length of stay (LOS), improvement in pulmonary function test results
(forced expiratory flows, airway resistance, lung volumes), tachycardia, attention deficit, airway
obstruction, and hypoxemia.

The relevant medical literature described the effect of single or multiple doses of inhaled
bronchodilators (online supplement). Two studies compared chronic (at least 2 wk) daily inhaled
bronchodilators in children born preterm. We excluded one study whose primary outcome was peak
expiratory flow (PEF), as PEF typically defines an exacerbation of respiratory disease and is not
used for routine management ( 48 ). A nonrandomized, crossover, placebo-controlled trial
examined 2 weeks of twice-daily bronchodilator use (500 µg of inhaled terbutaline or placebo) in 10
preterm infants with recurrent respiratory symptoms ( 49 ). All infants (postnatal age, 12.5 mo) had
experienced cough or wheezing at least 4 d/wk for the prior month. The symptom score was
significantly reduced during the treatment period. The greatest improvements were noted in wheeze
and cough. The FRC increased by 32%. Although this was reported as improvement, the panel
noted that this could also be due to worsening air trapping.

Supplemental evidence from studies of a single bronchodilator dose were examined. A systematic
review of 21 studies of children and adolescents born preterm demonstrated a mean improvement
in the FEV 1 of 4–13% after albuterol treatment ( 50 ). A study of 17 infants with BPD (68 weeks’
PMA) demonstrated a response to albuterol in 35% of subjects ( 51 ). Specifically, 55% of those
with recurrent wheeze responded, as compared with only 12.5% of those without wheezing.
Another study of 52 preterm infants who were mechanically ventilated at birth (22 with BPD and 30
control subjects) demonstrated increased inspiratory or expiratory resistance in patients with BPD
at 1 year of age and decreased resistance after salbutamol treatment in half of these patients ( 52 ).
Sixty-five percent of hospitalized infants with severe BPD were responsive to bronchodilator
treatment as determined by using infant pulmonary function testing at 52 weeks’ PMA ( 53 ). Finally,
75% of young children with BPD and tracheostomy were responsive to bronchodilator treatment at
the ages of 6, 12, and 18 months ( 54 ).



The panel’s confidence in the accuracy of these estimated effects of bronchodilator administration
for critical outcomes was very low. Only one small study evaluated repeated bronchodilator use, but
this study was not randomized and used a nonvalidated symptom score. Evidence evaluating the
effect of single doses of a bronchodilator on pulmonary function was heterogeneous. Critical
outcomes such as quality of life, hospitalizations, and school absences were not described.
Questions remain regarding which subpopulations with PPRD are most likely to benefit from
bronchodilators.

In preterm infants with cough and wheeze, inhaled short-acting bronchodilators improved
symptoms. In addition, 27–94% of school-aged children born preterm demonstrated an improved
FEV 1 after bronchodilator treatment.

A small proportion of infants may have increased airway resistance after short-acting bronchodilator
administration because of underlying TBM ( 47 ). Patients with PPRD can also experience common
adverse effects of bronchodilators, such as tachycardia, transient oxygen desaturation, and tremors
( 55 – 57 ).

Panel members did not consider the cost of medication to be a significant hinderance to their use
but acknowledged that reducing their use when not indicated could result in significant cost savings
( 58 ).

The panel concluded that the benefits of bronchodilator administration, specifically short-acting β 2
-agonists, likely exceed the harms for patients born preterm with recurrent respiratory symptoms
including cough and wheeze. Although the evidence is largely indirect, there is consistent evidence
that inhaled β 2 -agonists can significantly improve airflow in patients with PPRD. Given the fact that
even late-preterm infants demonstrate diminished lung function, the potential benefit of inhaled
bronchodilators in the context of acute viral illness and bronchiolitis may differ from that of full-term
infants, for whom routine bronchodilator administration is not recommended ( 55 , 59 ). Forced
expiratory flows in children and adolescents born preterm are abnormal and may improve with
inhaled bronchodilator treatment ( 50 ). In addition, the harm of the intervention is likely very low,
further supporting a trial of therapy. Data supporting chronic use of bronchodilators, including for
airway clearance, in this population are limited. The panel also recognized that there may be
individual factors, such as the presence of underlying TBM, a family history of asthma, and
intercurrent lower respiratory tract bacterial infection that may impact the decision to trial
bronchodilators in this patient population.

The 2020 European Respiratory Society (ERS) guidelines on long-term management of children
with BPD made a conditional recommendation (based on consensus) for bronchodilators in certain
subgroups with asthma-like symptoms, recurrent respiratory hospitalizations, exercise intolerance,
or reversibility in lung function ( 60 ).

For infants, children, and adolescents with PPRD who do not have recurrent respiratory symptoms,
we suggest that short-acting inhaled bronchodilator therapy not be routinely prescribed ( conditional
recommendation, very-low-certainty evidence ).

For a subgroup of patients with PPRD who have recurrent respiratory symptoms (such as cough or
wheeze), we suggest a trial of short-acting inhaled bronchodilator with monitoring to assess for
clinical improvement in symptoms ( conditional recommendation, very-low-certainty evidence ).

We suggest a short trial (1–2 doses) of a short-acting β 2 -agonist with continued use if there is
demonstrated improvement in respiratory symptoms or pulmonary function on at least one
occasion. Parental education around indications for use and training for proper administration,
especially in infants and in children who have tracheostomies, should also be considered. In
addition, children born preterm in whom asthma is later diagnosed may benefit from both



short-acting and long-acting bronchodilators or daily controller medications as per international
asthma guidelines ( 61 ).

This recommendation places a high value on the potential improvement of patient-important
outcomes, such as quality of life, respiratory symptoms such as wheeze and dyspnea, respiratory
exacerbations, and objective measures such as improvement in pulmonary function test results. In
addition to the evidence above, our decision was also based on the consensus that most families
would want a trial of bronchodilator therapy in their child born preterm with recurrent respiratory
symptoms.

A trial of inhaled corticosteroids is often attempted in these patients, as airway obstruction is a key
feature of PPRD ( 34 , 62 ). Up to one-third of the general preschool population has experienced
wheezing in the last 6 months ( 63 ). A meta-analysis found that inhaled corticosteroids initiated at
the onset of wheezing reduced the need for oral corticosteroids by 50% ( 64 ). Asthma is diagnosed
in nearly 60% of preterm infants without BPD, whereas 30% require hospitalization for respiratory
complications during the first year of life ( 65 ). The use of inhaled corticosteroids in full-term
children with intermittent wheezing reduces the need for oral corticosteroids, hospitalization rates,
emergency department visits, and overall healthcare costs ( 66 ), but it is unclear whether children
born preterm benefit similarly to those born full-term.

We identified two randomized controlled trials (RCTs), two crossover RCTs, and one prospective
observational trial that compared inhaled corticosteroids with placebo in children with PPRD ( 67 –
71 ) (online supplement).

In an RCT, 30 infants born preterm who required supplemental oxygen at 36 weeks’ PMA received
fluticasone propionate or placebo for 1 year ( 67 ). There was no significant difference between
study groups in the primary outcome (symptom-free days) or secondary outcomes (length of
supplemental oxygen use, weight, bronchodilator use, number of hospital admissions, and LOS).

Another RCT compared inhaled beclomethasone dipropionate with placebo in infants with BPD
from 36 weeks’ PMA until 3 months after discharge ( 68 ). There was no difference in the reported
outcomes, including the length of supplemental oxygen use, bronchodilator use, weight, height, the
number of hospital admissions, the LOS, oral corticosteroid use, additive inhaled or systemic
corticosteroid administration, pediatric ICU days, or death before NICU discharge.

A prospective study evaluated 21 children born preterm (6 with BPD) with airway obstruction (FEV
1 < 80%, PEF < 75%, or forced expiratory flow at 50% of FVC < 62% of predicted values),
increased airway hyperreactivity with responsiveness to a β-agonist, or abnormal diurnal PEF
variation >20% ( 69 ). Children (10 yr of age) received budesonide for 4 months. Eighteen children
completed the study, with improvement in symptom scores but no differences in spirometric
measurements being shown.

A crossover RCT compared beclomethasone dipropionate with placebo in 25 infants born preterm
(3–24 mo of age) with wheeze or cough on ■4 d/wk that did not improve after 2 weeks of daily
bronchodilator therapy ( 70 ). Seven infants did not complete the study; in four, this was due to
worsening symptoms during placebo administration. The intervention group had significantly
improved symptom scores, a significantly improved FRC, and fewer days of bronchodilator use.

Another crossover RCT compared 4 weeks of inhaled beclomethasone dipropionate with placebo in
15 school-aged children born preterm with wheezing or a troublesome cough and with a positive
hyperreactive airway response to histamine ( 71 ). There was no difference in the respiratory
symptom score, baseline airway function, or airway hyperreactivity between the treatment periods.
There was a small but statistically insignificant increase in the FEV 1 after treatment with
beclomethasone compared with placebo.



The panel’s confidence in the accuracy of the estimated effects of inhaled corticosteroid
administration for critical outcomes was very low. Available studies evaluating the use of inhaled
corticosteroids in children with PPRD have small cohorts (15–38 patients) and have not been
adequately powered to show significant differences in the desired outcomes. Improvements in
short-term symptom scores in full-term symptomatic children or children with documented airway
hyperresponsiveness provide indirect evidence of a benefit.

The two RCTs evaluating patients with BPD did not show statistically significant changes in
reported outcomes, and hence did not show any benefit for the use of inhaled corticosteroids ( 67 ,
68 ). The three studies that included those with wheezing, cough, or changes in pulmonary function
showed mixed results ( 69 – 71 ). However, data from full-term children with wheezing showed an
improvement in symptom scores and decreased hospitalizations when subjects were treated with
inhaled corticosteroids ( 63 , 64 , 66 ). Therefore, select patients with PPRD may benefit from
inhaled corticosteroids.

Studies included in this review did not show evidence of harm with the use of inhaled
corticosteroids. Evidence from full-term children is mixed regarding the effect of inhaled
corticosteroids on growth ( 72 , 73 ). This effect may be decreased with intermittent dosing ( 74 ).
Inhaled corticosteroids increase the likelihood of sore throat and oral candidiasis, with one study
finding one case of oral candidiasis for every 21 patients treated ( 75 ).

In our clinical experience, given the minimal available evidence regarding the potential benefit and
toxicities, parents defer to the medical team concerning whether or not to trial inhaled
corticosteroids.

The cost of daily therapy can be substantial; reducing inhaled corticosteroid use when not indicated
could result in significant cost savings.

Given the low quality of evidence available and the lack of a significant benefit, routine use of
inhaled corticosteroids has not been shown definitively to improve outcomes in patients with PPRD.
However, when using data extrapolated from other populations, there may be some benefit for a
trial of inhaled corticosteroids in selected patients with PPRD and chronic cough or wheezing.

The 2020 ERS guidelines on long-term management of children with BPD recommend against
treating with inhaled corticosteroids. However, these guidelines made a conditional
recommendation for a carefully monitored trial period of inhaled or systemic corticosteroids in some
patients with severe BPD, severe respiratory symptoms, and/or recurrent hospitalizations and in
those whose BPD was not controlled with regular bronchodilator use ( 60 ).

For infants, children, and adolescents with PPRD who do not have chronic cough and recurrent
wheezing, we suggest that inhaled corticosteroids not be routinely prescribed ( conditional
recommendation, very-low-certainty evidence ).

For infants, children, and adolescents with PPRD who have chronic cough or recurrent wheezing,
we suggest a trial of inhaled corticosteroids with monitoring to assess for clinical improvement in
symptoms ( conditional recommendation, very-low-certainty evidence ).

Before a trial of inhaled corticosteroids, the baseline status (severity of symptoms, spirometric
results) should be assessed and documented. Without evidence regarding an appropriate length of
time for this trial, we suggest a duration of 3 months on the basis of extrapolation from other
populations and full consensus of the panel. After this, patients should be reassessed, with
pulmonary function testing being conducted if possible.

This recommendation places a high value on the potential improvement of patient-important
outcomes, such as quality of life, respiratory symptoms, respiratory exacerbations, and objective



measures such as improvement in pulmonary function test results. Potential side effects and
adverse events were taken into consideration and compared with the possible benefits of therapy.

Most studies examining the beneficial pulmonary effects of diuretics are limited by a short length of
treatment and were conducted before the widespread use of surfactants ( 76 – 79 ). To date, no
study has demonstrated an association between diuretic use and reductions in the incidence of
BPD, the duration of mechanical ventilation, or NICU LOS. Diuretics, especially furosemide, are
associated with comorbidities such as nephrolithiasis and metabolic bone disease ( 80 – 87 ).
Although many infants are discharged from the NICU receiving diuretic therapy, their utility in
post-NICU care remains uncertain.

The outcomes considered important for the literature review were mortality, the burden of disease,
improvement in pulmonary function tests, the duration of supplemental oxygen being required,
pulmonary edema, metabolic alkalosis, dehydration, osteopenia, ototoxicity, nephrolithiasis, and
electrolyte abnormalities. Included were studies that described chronic diuretic use, defined as a
minimum of 1 consecutive week of scheduled therapy (online supplement).

We identified four RCTs ( 88 – 91 ) that were conducted between 1983 and 1992, before the
widespread use of surfactants ( 92 ). As such, the infants included in these studies had “old BPD,”
characterized by airway injury, parenchymal fibrosis, and areas of severe hyperinflation due to
oxygen toxicity and ventilator-induced lung injury ( 93 ). Only one study describes outcomes after
NICU discharge ( 89 ). These studies enlisted few patients, with the largest including 43 infants ( 89
).

Two RCTs evaluated the impact of furosemide therapy on pulmonary function, supplemental
oxygen requirements, weight gain, electrolyte derangements, and hearing deficits. The first study
included 11 infants born preterm, who were older than 28 days and who required continuous
oxygen therapy ( 90 ). Subjects received alternating furosemide or placebo. On Day 8, furosemide
therapy was significantly associated with improved dynamic pulmonary compliance and airway
resistance, a decreased F i O 2 requirement, and decreased average weight gain, with no
significant difference in serum electrolytes concentrations being demonstrated when compared with
placebo. In the second study of 17 mechanically ventilated infants born preterm, furosemide was
administered for 7 consecutive days at 36–72 days of life ( 91 ). Furosemide therapy was
significantly associated with improved lung compliance and a decreased serum chloride
concentration. Weight gain was greater in the placebo group ( P = 0.04). At 1 year of age, all infants
had normal hearing. No respiratory outcomes were evaluated at 1 year.

The remaining two RCTs evaluated the efficacy of combined thiazide and spironolactone therapy.
One RCT evaluated 43 infants born preterm who were receiving spironolactone and chlorothiazide
or placebo until they were weaned off oxygen therapy (within 10 wk of enrollment) ( 89 ). Four
weeks after the initiation of diuretics, the therapy group had significantly improved pulmonary
compliance and airway resistance compared with the placebo group. However, these measures
returned to prediuretic concentrations within 1 week after the completion of diuretic therapy. By 1
year of age, there was no difference in airway resistance or pulmonary compliance, the duration of
supplemental oxygen being required, or the number of rehospitalizations between the two groups.
The final RCT assessed 34 ventilator-dependent infants born preterm between Days of Life 31 and
40 who received both spironolactone and hydrochlorothiazide twice daily or placebo for 8 weeks (
88 ). More infants were alive at NICU discharge in the diuretic group ( P < 0.001). Respiratory
system compliance was improved in the treatment group at 4 weeks ( P = 0.016), but this difference
was not significant by the end of the study. The NICU LOS, number of ventilator days, respiratory
system compliance and resistance, and serum electrolytes were not significantly different.

Meta-analysis revealed a significant increase in pulmonary compliance in patients receiving
diuretics at 1 and 4 weeks compared with at baseline. Compliance at 4 weeks compared with
compliance at 1 week was also increased. Resistance at 4 weeks was decreased compared with
resistance at 1 week. Mortality before NICU discharge was reduced, whereas rehospitalization



within the first year and electrolyte supplementation were both increased in the diuretic group. No
significant change was noted in the duration of supplemental oxygen use, the NICU LOS, the
weight and length at 1 year, nephrolithiasis, sensorineural hearing deficits, or severe electrolyte
abnormalities.

We identified 15 observational studies describing the potential harmful effects of diuretic use,
including sensorineural hearing deficits or losses, nephrolithiasis, and metabolic bone disease. Six
studies evaluated the rates of sensorineural hearing deficits associated with furosemide use. Of
these, three studies showed that furosemide use was significantly associated with hearing
impairment ( 94 – 96 ). However, the remaining studies showed no significant difference in hearing
between those who received furosemide and those who did not, even in cases of furosemide
exposure for greater than 28 days ( 97 – 99 ). Meta-analysis revealed a significantly increased risk
of sensorineural hearing deficits in those receiving furosemide.

Eight studies assessed the risk of nephrolithiasis. Furosemide was the only diuretic used. Seven
studies showed an increased incidence of nephrolithiasis with furosemide treatment ( 81 – 87 ). The
remaining study showed no difference in the detection of nephrolithiasis in infants who received
furosemide ( 100 ). Several authors noted that a lower gestational age at birth and lower birth
weight were risk factors for renal stones. Meta-analysis revealed a significant increased risk of
nephrolithiasis in those receiving furosemide.

We identified only one study that evaluated severe metabolic bone disease in neonates receiving
furosemide ( 80 ). For every 2 weeks of furosemide therapy, the probability of developing severe
metabolic bone disease increased by 1.4% ( P < 0.001).

We did not identify any studies describing the effect of early diuretic therapy on late respiratory
outcomes.

The panel’s confidence in the accuracy of the estimated effects of diuretic administration for critical
outcomes was very low. Evidence was considered indirect, as most studies were performed during
the NICU stay and were performed before the routine use of surfactants. Several studies had
incomplete outcome data. Other limitations included the lack of intention-to-treat analysis, varying
chronological age at the time of testing, wide confidence intervals, potential confounders from
co-interventions, bias due to missing data, and the inclusion of only infants with severe BPD in
some of the studies. In addition, most studies were restricted to infants with limited comorbidities
relevant to diuretic use, such as atrial septal defects and other intracardiac shunts.

We identified no studies describing the potential beneficial effects of diuretics on important
outcomes in children with PPRD after discharge from the hospital.

The use of furosemide was associated with an increased risk of nephrolithiasis and sensorineural
hearing deficits. Electrolyte imbalances were also described.

Financial costs associated with diuretic use were considered to be minimal.

Although diuretics can improve pulmonary mechanics in the short term, studies investigating
long-term diuretic use after NICU discharge are lacking. Currently available data showed that
long-term diuretic use was not associated with improvements in patient-centered outcomes;
however, it was associated with an increased likelihood of harm (sensorineural hearing deficits and
nephrolithiasis), especially with furosemide.

A recent position statement from the Thoracic Society of Australia and New Zealand reviewed the
literature and concluded that no formal recommendation could be made regarding long-term
diuretic therapy in infants with BPD ( 101 ). The ERS guidelines on long-term management of
children with BPD provided a conditional recommendation that infants who were treated with



diuretics at the time of NICU discharge should be naturally weaned by allowing the dose to
decrease slowly relative to the child’s weight ( 60 ).

For infants, children, and adolescents with PPRD, we suggest against the routine use of diuretics (
conditional recommendation, very-low-certainty evidence ).

For infants with PPRD who are discharged from the NICU on chronic diuretic therapy, we suggest
discontinuation in a judicious manner ( conditional recommendation, very-low-certainty evidence ).

1. Given the short-term improvement in pulmonary mechanics, a trial of diuretics may be justified in
situations in which lung compliance is believed to have acutely worsened. While administering
diuretics, ongoing monitoring for electrolyte abnormalities, nephrolithiasis, and sensorineural
hearing loss is recommended.

The timing of discontinuation should be discussed with the family and made on an individual basis.
Several panelists practice discontinuation without weaning. Others decrease the diuretic dose or
lengthen the time interval of administration before stopping. Few panelists described allowing
children to “outgrow” the dose.

This recommendation acknowledges the potential for improvement in patient-related outcomes,
while emphasizing that the long-term use of diuretics may have deleterious side effects and that
adverse events may outweigh the potential, yet unlikely, benefits.

Infants born preterm have an increased risk of SDB ( 102 – 105 ). Sleep disruption, hypoxemia, and
hypercarbia can have lasting neurologic, cardiac, and behavioral effects that persist into adulthood (
106 – 108 ).

Supplemental oxygen therapy improves hypoxemia, central apnea, and periodic breathing ( 104 ,
105 ). The increased risk of SDB and potential benefits of supplemental oxygen raise the question
of the necessity of undergoing PSG ( 106 , 108 ). However, costs, a lack of normative data, and the
insufficient access to and limited capacity of pediatric sleep laboratories limit the ability to conduct
PSG for all patients born preterm. Therefore, clinicians would benefit from guidelines regarding
which infants require PSG and what alternatives may be useful when PSG is not indicated or
unavailable.

The panel chose to focus on three clinical contexts: preterm infants before hospital discharge,
preterm infants after hospital discharge, and the benefits of PSG versus overnight pulse oximetry
(online supplement). We identified 32 articles relevant to the population of interest.

Nine studies evaluated the role of PSG before discharge for infants with BPD. Elder and colleagues
( 109 ) compared infants with apnea born preterm with asymptomatic neonates by using nap PSG
after 35 weeks’ PMA, and they observed no differences in the mean duration, type, or number of
apnea events. However, the duration of the longest apnea and the degree of desaturation were
greater in symptomatic cases versus controls, during both active and quiet sleep. Fajardo and
colleagues ( 110 ) studied apneas in infants born preterm with and without BPD at 33 weeks’ PMA.
All studied infants had central events, but obstructive apnea was more frequent in the BPD group (
P = 0.004). Another study evaluated the impact of a supine versus prone sleep position on
respiratory events in infants born preterm with and without BPD by using nap PSG at 37 weeks’
PMA ( 111 ). Obstructive apnea was significantly improved, whereas central apnea was significantly
increased when going from the supine to the prone position. In a study describing 76 premature
infants with clinical apnea, bradycardia, or cyanosis studied by using PSG before NICU discharge,
the majority of infants had some degree of obstructive apnea, but patients with bradycardia (with or
without clinically witnessed apnea) were noted to have significant obstructive events at PSG ( 102 ).



Infants with significant desaturations were noted to have improved PSG findings when treated with
supplemental oxygen ( 104 , 105 ) that persisted after discharge home ( 112 ). One study compared
infants with BPD who had been weaned from supplemental oxygen before PSG with age-matched
premature infants ( 104 ). Obstructive apnea or periodic breathing indices did not differ between the
groups; however, infants with BPD had higher central apnea indices and lower oxygen saturation,
which improved with supplemental oxygen. In another study of preterm infants who underwent PSG
at 38 weeks’ PMA, supplemental oxygen significantly improved the apnea index, periodic breathing,
and bradycardic events ( 105 ). Kulkarni and colleagues ( 112 ) identified that infants with BPD had
elevated central apnea indices and oxygen desaturation that improved with supplemental oxygen
administration to degrees similar to those of healthy infants. Over sequential PSG studies, patients
with BPD were noted to have consistent improvement in the apnea–hypopnea index and respiratory
disturbance index without complete normalization ( 113 , 114 ).

Four studies identified an increased risk of SDB in preterm patients as they age. In a prospective
study of 850 children (46% premature) undergoing outpatient PSG, the prevalence of SDB was
2.2% overall and was three to five times more likely in preterm subjects ( 108 ). A reanalysis
showed SDB in 7.3% of the preterm cohort ( 115 ). A cohort study of over 4 million Swedish children
born over 40 years revealed SDB in 4.1% of subjects; those with preterm and extremely preterm
birth had a 1.4- and 2.6-fold increased risk of SDB, respectively, from birth up to age 43 years ( 106
). In addition to the lasting increased risk of SDB, chronic intermittent hypoxemia has also been
associated with negative cognitive and behavioral effects ( 106 , 107 ). Another retrospective review
of 387 infants with BPD showed a 3% incidence of obstructive sleep apnea ( 107 ).

Overnight monitoring with pulse oximetry can be used as a screening test or in lieu of formal PSG
when PSG is not available. Three studies were identified that examined the diagnostic accuracy of
oximetry monitoring. Roberts and colleagues ( 116 ) studied the correlation between the intermittent
hypoxemia measures derived from 24-hour oximetry and the measures of apnea derived from nap
PSG for preterm infants after 35 weeks’ PMA but before NICU discharge. The desaturation index
from the 24-hour oximetry correlated with the obstructive and central indices from the nap PSG.
The desaturation index was 100% sensitive and 83% specific for predicting an apnea–hypopnea
index greater than 10 events/h at nap PSG. Two studies evaluated daytime oximetry as a surrogate
for overnight oximetry and showed conflicting results ( 117 , 118 ). In a cohort of 63 infants with
BPD and hypoxemia, there was no correlation between the 20-minute daytime and overnight
oximetry studies ( 117 ). However, in 22 infants with BPD and hypoxemia, a longer 60-minute
daytime oximetry study was more accurate, with a sensitivity of 100% for predicting overnight
oximetry (by PSG) and a specificity of 65% being shown ( 118 ).

With no RCT evaluating the use of PSG for this patient population, the panel’s confidence in the
accuracy of these estimated effects on the utility of PSG for critical outcomes was very low. In
addition, the studies were mostly retrospective and published over 4 decades. During this time,
there have been significant clinical advancements in pediatric sleep medicine and the care of
premature infants that are not represented in the reviewed studies.

PSG provides detailed information regarding SDB and evaluating respiratory effort, oxygenation,
ventilation, and obstructive and central events. It also provides limited information about other
organ systems, including cardiopulmonary reserve and the central nervous system with respect to
the control of breathing.

PSG is a prolonged and resource-intensive diagnostic test that is not indicated or feasible for all
patients born preterm. This review has shown that even asymptomatic infants can have abnormal
PSG findings. Their effect on long-term development is not clear, particularly in the context of
events without desaturation. There is no consensus on “normal central apnea indices” in infancy
because of a lack of normative data. Therefore, PSG may lead to unnecessary interventions,
increased costs, and caregiver stress when the results will not change medical management.
Finally, pediatric and neonatal PSG are not available in all locations. Facility transfers or prolonged
stays may be required to complete these studies.



PSG is performed in a sleep medicine laboratory, and the child is monitored overnight. Many
parents would prefer a home sleep apnea test as compared with formal PSG. However, home sleep
apnea tests are not validated or recommended for children ( 119 ).

Although it is the gold standard to diagnose SDB, PSG is a resource-intensive diagnostic test ( 120
). SDB itself is known to be associated with significant healthcare costs when diagnosis is delayed (
121 ). This emphasizes the need for timely recognition of SDB symptoms and prompt diagnosis.
Clinicians may consider overnight oximetry, a less expensive alternative, as a screening tool in
certain situations.

PSG can be a useful tool in evaluating preterm patients. However, PSG may not change clinical
management. Therefore, the panel considered the utility of PSG in distinct clinical contexts. The
panel determined that before NICU discharge, PSG testing should be limited to patients whose care
will be affected by the study results, such as those with persistent apnea, intermittent desaturations,
or bradycardia. The panel observed a higher rate of SDB after NICU discharge across early and
middle childhood and into midadulthood after preterm birth. PSG should be performed in patients
born preterm with snoring, hypoxemia, or secondary effects of hypoxemia, such as failure to thrive
and cognitive or behavioral impairment. Finally, as PSG is costly and not universally accessible, the
panel recognizes that overnight or 24-hour oximetry studies may be an appropriate alternative, with
sleep medicine referral being used when indicated.

Guidelines from the ATS, ERS, and British Thoracic Society support treating preterm infants with
supplemental oxygen to maintain normal oxygen saturation ( 60 , 122 , 123 ). However, the role of
diagnostic PSG was not addressed by these panels. A position statement from the Thoracic Society
of Australia and New Zealand suggested that PSG be considered when obstructive or central
apnea is suspected ( 101 ).

For infants with PPRD who are otherwise ready to be discharged from the NICU, we suggest the
use of PSG for patients with persistent apnea, intermittent desaturation, or bradycardia at greater
than 40 weeks’ PMA ( conditional recommendation, very-low-certainty evidence ).

For infants, children, and adolescents with PPRD, we suggest the use of PSG and/or sleep
medicine referral for those with symptoms of SDB, including persistent snoring, failure to thrive, or a
persistent need for supplemental oxygen at 2 years of age ( conditional recommendation,
very-low-certainty evidence ).

When a PSG is indicated but not available, we recommend that an overnight or 24-hour oximetry be
performed to screen for SDB, followed by PSG and/or a sleep medicine referral for further
evaluation if needed ( conditional recommendation, very-low-certainty evidence ).

When a PSG is indicated but not readily available, clinicians must consider whether oximetry
monitoring is sufficient or whether referral to a sleep medicine program is needed for clinical
management.

This recommendation places a high value on the potential improvement of quality of life and other
clinical outcomes as well as respiratory symptoms such as apnea or hypoxemia. Limitations such
as costs, access to PSG, and the lack of normative data in these patients are also taken in
consideration.

Acute and chronic pulmonary aspiration in patients with PPRD carries significant morbidity ( 124 ).
Premature infants with pulmonary disease may be more susceptible to injury from aspiration. Faster
respiratory rates in premature infants can contribute to swallow dysfunction when the time between
breaths is less than the time needed to coordinate an effective swallow ( 125 ). Premature infants
with airway anomalies, neurologic comorbidities, or recent viral infections may have a higher risk for



aspiration ( 126 , 127 ). Oral secretions, ingested liquids or solids, and gastric contents can be
aspirated, leading to frequent respiratory exacerbations or infections, chronic symptoms, the
development of bronchiectasis, or pulmonary hypertension ( 128 , 129 ). Clinical signs of aspiration
can include cough, stridor, wheeze, tachypnea, increased secretions, and oxygen desaturation. A
subset has silent aspiration, which is identified through diagnostic evaluation without clinical
symptoms while feeding. Diagnosing aspiration is complex. In addition to clinical feeding evaluation,
evaluating aspiration can occur via a VFSS, fiberoptic endoscopic evaluation of swallowing (FEES),
upper gastrointestinal series, bronchoscopy, or chest imaging. Because upper gastrointestinal
series serve primarily to evaluate esophageal anatomy and gastrointestinal function, we focused on
VFSS and FEES. Bronchoscopy and chest imaging are addressed in the PICO questions that
follow.

We identified five retrospective studies of patients with PPRD who demonstrated aspiration during a
VFSS. The reported prevalence of aspiration in premature infants who underwent a VFSS ranged
from 29–100% ( 130 – 134 ) (online supplement).

Silent aspiration was described in several studies of preterm infants ( 130 – 132 , 134 ). Those with
vocal cord paralysis are at high risk for silent aspiration. One retrospective review revealed that
57% of 28 children with vocal cord paralysis referred for a VFSS had aspiration, including nine
premature infants, all of whom had silent aspiration ( 132 ).

A retrospective review compared clinical feeding evaluations with VFSSs in 412 children under 2
years of age ( 131 ). Among those with normal clinical feeding evaluation results, approximately
one-third demonstrated silent aspiration. In the subgroup of 130 preterm infants, 77% had
aspiration or laryngeal penetration.

Among premature infants, an abnormal VFSS result in the first year of life is not associated with
subsequent acute respiratory infections before the age of 3 years ( 130 ). However, infants with
silent aspiration who are treated with thickened feeds are at decreased risk for subsequent acute
respiratory infection.

Studies differ on whether premature infants are at an increased risk for swallowing dysfunction.
Two retrospective studies noted a higher incidence of feeding problems after premature birth ( 133 ,
135 ). Yet other retrospective reviews noted similar rates of swallowing dysfunction in both preterm
and term infants, although preterm infants more often experienced oxygen desaturation ( 134 , 136
).

We did not find any substantive literature describing the outcomes of using FEESs in patients with
PPRD.

The panel’s confidence in the accuracy of these estimated effects of the utility of swallow evaluation
for critical outcomes was very low. Studies were primarily retrospective reviews of infants referred
for feeding difficulties. Symptoms of aspiration and indications for testing with a VFSS are not
standardized between centers.

Swallow studies can be used to diagnose aspiration in preterm patients. Diagnosing aspiration can
make feeding safer and decrease the risk for subsequent lung disease, including obliterative
bronchiolitis and bronchiectasis.

Clinical symptoms lack sensitivity and specificity for diagnosing aspiration. The degree of radiation
exposure during a VFSS differs between institutions. Advanced imaging of young children and its
interpretation requires specialty expertise that may not be available at all centers. For patients with
PPRD, aspirating contrast can carry clinical morbidity.



Families may experience anxiety related to understanding swallow study results and implementing
changes to feeding after swallowing dysfunction is identified. Some parents may choose to have
their children followed clinically, particularly if they have concerns regarding radiation exposure.

The cost of fluoroscopic studies should be considered. When swallowing dysfunction is identified,
additional procedures may also be indicated.

The panel concluded that the benefit of using a VFSS to identify aspiration exceeded the burden
and costs associated with the procedure for symptomatic patients with PPRD.

The utility of swallow evaluations was not addressed in other outpatient guidelines for patients with
PPRD. However, for infants without neurologic pathology with persistent wheezing not relieved by
bronchodilators or corticosteroids, the 2016 ATS guidelines for infants with recurrent or persistent
wheezing recommend a swallow study to evaluate for aspiration ( 137 ).

For infants, children, and adolescents with PPRD, we suggest a swallow evaluation (VFSS) for
those who are eating by mouth and have cough or persistent oxygen desaturation during feeding,
suspected or confirmed vocal cord paralysis or other airway anomalies, failure to wean from oxygen
therapy or ventilatory support as expected, persistent or worsening pulmonary hypertension, failure
to thrive, or chronic pulmonary symptoms out of proportion to viral respiratory infections (
conditional recommendation, very-low-certainty evidence ).

An organized, multidisciplinary team is necessary to perform quality swallowing evaluations in
preterm patients. When deciding to order a swallow evaluation, clinicians should consider how the
results will impact care as well as the risks and benefits. Access to appropriate radiologic and
technical expertise as well as the inclusion of experienced speech and occupational therapists are
critical to interpreting study results.

This recommendation places a high value on the potential quality of life gained through the
enjoyment of oral feeding while balancing the potential risks of both feeding and the evaluations
themselves.

Infants with PPRD may require prolonged mechanical ventilation, undergo multiple intubations and
extubation trials, and are at high risk for airway abnormalities, including subglottic or tracheal
stenosis, subglottic cysts, TBM, and vocal cord immobility after PDA ligation. Such abnormalities
may prolong mechanical ventilation, impact feeding, and can be life-threatening. Up to 50% of
infants with PPRD demonstrate TBM at airway endoscopy ( 138 , 139 ). Identifying airway
abnormalities can guide management, including surgical correction of airway abnormalities. In the
absence of a gold standard, airway endoscopy is considered the best available test to identify
airway pathology. Endoscopic airway techniques consist of flexible laryngoscopy, flexible
bronchoscopy, and rigid direct laryngobronchoscopy (DLB).

In the absence of RCTs, we identified 11 observational studies assessing airway endoscopy
(flexible bronchoscopy, laryngoscopy, and DLB) in children with PPRD. Six indirectly addressed
diagnostic yield and prognostic data from flexible bronchoscopy. Four studies addressed flexible
laryngoscopy to identify left vocal cord paralysis (LVCP) after PDA ligation in preterm infants with
respiratory or feeding symptoms. One study reported findings on DLB versus flexible laryngoscopy
in children with aspiration (online supplement).

Two retrospective studies addressed the prognostic value of flexible bronchoscopy in preterm
infants with BPD and TBM ( 45 , 140 ). Three hundred fifty-three of 974 infants with BPD (36.2%)
undergoing flexible bronchoscopies demonstrated malacia ( 140 ). Those with TBM more
commonly underwent tracheostomy and gastrostomy, had longer mechanical ventilation and
hospital LOSs, and were more likely to be mechanically ventilated at discharge. In 20 of 27 infants
with severe BPD undergoing flexible bronchoscopy, airway pathologies were identified, including



tracheomalacia (48%), bronchomalacia (40.7%), and airway edema (48%), often leading to
changes in management (63%) ( 45 ).

Three prospective studies reported flexible bronchoscopy findings in preterm infants ( 141 – 143 ).
Among 174 preterm infants undergoing flexible bronchoscopy, 7.5% had subglottic cysts ( 141 ).
Another study of 117 preterm infants identified TBM or subglottic stenosis (SGS) in 48 patients (15
with moderate/severe SGS; 19 with moderate/severe malacia, and two with both) ( 142 ). Flexible
bronchoscopy of 13 mechanically ventilated preterm infants revealed vocal cord nodules (62%) and
airway malacia (31%) ( 143 ).

Four studies focused on flexible laryngoscopy used to identify LVCP in preterm infants after PDA
ligation ( 144 – 147 ). A meta-analysis (33 studies; n = 4,887) showed an 11% incidence of LVCP in
preterm infants, which was associated with an increased risk of BPD, gastrostomy, and mechanical
ventilation days ( 144 ). A retrospective study showed that 22 of 55 extremely preterm infants had
LVCP after PDA ligation ( 145 ). Those with LVCP were more likely to develop BPD, reactive airway
disease, and gastrostomy dependence, suggesting that flexible laryngoscopy be considered for
patients with respiratory or feeding difficulties after PDA ligation. A study of 23 preterm infants after
PDA ligation and 12 matched preterm control subjects reported that 12 of 23 had LVCP after PDA
ligation, with seven showing signs of aspiration ( 146 ). Finally, a study examining long-term
morbidities in preterm infants after PDA ligation noted that 44% had LVCP, with most requiring
gastrostomies ( 147 ).

One study examined the benefit of DLB in addition to flexible laryngoscopy for 532 patients with
aspiration (mean age at enrollment, 2.2 yr; 131 preterm) ( 127 ). Flexible laryngoscopy enabled
identification of 93 patients with airway lesions, whereas DLB enabled identification of 173
additional lesions (136 laryngeal clefts, 40 laryngomalacia cases, 25 vocal fold immobility cases, 22
tracheomalacia cases [with 6 also showing laryngomalacia], 12 SGS cases, three H-type
tracheoesophageal fistulae, and 2 glottic webs), with 66.3% requiring surgical intervention.

The panel’s confidence in the accuracy of these estimated effects for the utility of airway endoscopy
for critical outcomes was very low. Small, observational studies often lacked a comparison group.
The mode of endoscopy (flexible laryngoscopy, flexible bronchoscopy, DLB) differed between
studies, limiting generalizability.

In patients with PPRD and unexplained prolonged ventilation or chronic respiratory symptoms,
airway endoscopy can be used to identify treatable anatomic abnormalities and can provide
prognostic information. When possible, although not essential, airway endoscopy may be best
performed by a multidisciplinary aerodigestive team, assessing all possible upper and lower airway
pathologies at once without repeat anesthesia.

One study reported mild hypoxemia (an Sp O 2 less than 90% but greater than 80%) during
bronchoscopy in 5 of 27 patients (18.5%), with one patient requiring bronchoscopy for severe
hypoxemic events developing severe hypoxemia (Sp O 2 less than 50%) with bradycardia ( 45 ).
Patients with PPRD have impaired lung function and an increased risk of cardiopulmonary
sequelae (pulmonary hypertension, respiratory decompensation, atelectasis, pneumonia) after
airway endoscopy ( 148 ).

Coordination of endoscopy with other procedures can increase the anesthesia time; thus,
unnecessary procedures should be avoided. Complications after flexible bronchoscopy occur more
frequently in children undergoing multiple same-day procedures. In a study of 1,297 bronchoscopic
procedures, 27 (2.1%) unplanned outcomes occurred, with 21 of 27 patients undergoing multiple
procedures ( 148 ). However, unplanned outcomes were not different from those of flexible
bronchoscopy alone in the subset with multiple procedures coordinated through a multidisciplinary
aerodigestive clinic. This supports the management of such children through a collaborative
aerodigestive team, when available.



The neurodevelopmental risks of general anesthesia must also be considered. In cases in which
general anesthesia poses a high risk, less invasive modes of airway evaluation such as airway
imaging (dynamic CT or MRI) can be considered, although the panel recognizes that imaging is not
as sensitive as endoscopy for the identification of tracheomalacia [ see Q uestion 7: S hould all
infants, children, and adolescents born preterm (gestational age less than 37 wk ) with PPRD
undergo diagnostic imaging for TBM?].

Expert opinion from the panel reported that the majority of parents prefer to proceed with
coordination of all necessary airway endoscopies (flexible and rigid) to identify treatable airway
abnormalities and inform future management. When parental concern regarding general anesthesia
is high, nonsedated airway imaging may be preferred.

Endoscopic airway evaluations, especially those done by multiple services, are expensive. Costs
need to be weighed against the costs of failing to treat airway abnormalities while accounting for the
child’s quality of life.

The panel concluded that airway endoscopy is the best available test for the identification of large
airway disease. When indicated, the benefits of airway endoscopy exceed its risks. Airway
endoscopy can be considered when less invasive diagnostic methods have been exhausted.
Adverse outcomes are reduced when airway evaluations are performed by a multidisciplinary
aerodigestive team.

Other guidelines have not addressed the role of airway endoscopy in the outpatient management of
preterm patients. However, the ATS guidelines for infants with recurrent or persistent wheezing
recommend bronchoscopy with BAL when wheezing persists despite medical management ( 137 ).

For infants, children, and adolescents with PPRD, we suggest airway endoscopy for those with
unexplained symptoms such as chronic cough, wheezing, ventilator dependence, persistent
hypoxemia, or a history of PDA ligation with stridor and weak cry ( conditional recommendation,
very-low-certainty evidence ).

The optimal mode of airway endoscopy (flexible bronchoscopy, flexible laryngoscopy, DLB) is not
clear in the studies reviewed. The panel suggests a collaborative approach to airway endoscopy by
a multidisciplinary team. Endoscopic techniques complement each other and facilitate identification
of different airway pathologies. Flexible laryngoscopy should be performed in an awake child to
identify upper airway pathology (laryngomalacia, vocal cord immobility, glottic webs, stenosis).
Direct or rigid laryngobronchoscopy performed with the child spontaneously breathing under
anesthesia is appropriate for the identification of glottic/subglottic pathology (subglottic cysts,
stenosis, laryngeal clefts) and tracheal/bronchial pathology (tracheal stenosis, TBM). Flexible
bronchoscopy and sampling through BAL can be used to identify large airway disease (tracheal
stenosis and TBM, as well as distal bronchial anatomic abnormalities).

This recommendation places a high priority on patient safety and the need to identify airway
anomalies that could significantly impact patient-centered outcomes.

Premature infants are at risk for developing large airway disease, especially those who require
prolonged positive-pressure ventilation ( 28 , 140 ). Positive pressure can distend the abnormally
compliant and structurally immature airways of preterm infants, resulting in acquired or secondary
TBM ( 149 ). The adverse consequences of TBM include decreased intrathoracic airflow, cyanotic
episodes, difficulty weaning from positive-pressure ventilation, and higher mortality ( 140 ). The
diagnosis of TBM is important for prognostication and individualized management of patients with
PPRD ( 28 , 150 ). The best available test for diagnosing tracheomalacia, bronchomalacia, or TBM
is airway endoscopy. However, this technique is invasive, requires sedation or anesthesia, and may
not be safe for critically ill neonates with small endotracheal or tracheostomy tubes. An alternative
to bronchoscopy is dynamic imaging of the large airways.



Ten studies of preterm infants at risk for TBM were evaluated to determine the utility of airway
imaging to complement or replace airway endoscopy in the management of PPRD. Although these
guidelines focus on outpatients with PPRD, studies of preterm infants before NICU discharge (age
greater than 36 weeks’ PMA at time of study) were included (online supplement).

Studies evaluating the use of imaging were compared with those evaluating the use of
bronchoscopy, recognizing that the bronchoscopic diagnosis of airway malacia is subjective and
lacks a standardized definition. Some define airway collapse of more than 50% as TBM ( 149 ).
Others have graded TBM as none (0–25% collapse), mild to moderate (26–75% collapse), or
severe (greater than 75% collapse) ( 151 ).

We identified a single prospective study comparing using a tracheobronchogram with using a
dynamic spiral CT scan to diagnose TBM in 16 infants (15 preterm) ( 152 ). Compared with
bronchography, CT was less sensitive, enabling correct identification of 10 of 16 infants with
tracheomalacia and 14 of 28 infants with bronchomalacia. The dynamic CT scans resulted in an
underestimation of opening pressure and required a larger radiation dose than bronchograms.

In a study of 24 infants and children, two of whom had BPD, undergoing large airway evaluation
through dynamic CT with three-dimensional reconstruction, 5 had TBM, 5 had right
bronchomalacia, 8 had left bronchomalacia, and 8 had lobar bronchomalacia ( 153 ). An evaluation
of the correlation with bronchoscopy results was not performed.

Several studies compared bronchoscopy and CT imaging. Ten of 17 infants less than 12 months
old had airway malacia at bronchoscopy, and 50% of those infants with malacia were premature (
154 ). The sensitivity of using CT to diagnose tracheomalacia was 37.5%, and the sensitivity for
using CT to diagnose bronchomalacia was 75%. Among eight infants (50% preterm) evaluated by
using dynamic volumetric CT without sedation to diagnose large airway disease, four patients had
TBM at CT imaging, and there was 75% concordance with bronchoscopy results ( 155 ). Another
study of 34 pediatric patients (35% preterm) who underwent a cine multidetector CT scan for clinical
indications identified isolated tracheomalacia in four patients and right or left bronchomalacia in 10
patients (80% with a history of cardiac surgery) ( 156 ). In the 29 patients who underwent
bronchoscopy, there was complete concordance between bronchoscopy and CT results in 23
patients and partial concordance in four patients. Importantly, in two patients, the CT result was
positive, whereas the bronchoscopy result was negative. Dynamic CT was calculated to be 100%
sensitive and 81% specific, with a positive predictive value of 90% and a negative predictive value
of 100% being demonstrated. Another retrospective study included 28 patients who underwent
bronchoscopy for suspected tracheomalacia ( 157 ). Paired static end-inspiratory and
end-expiratory CT was performed on 26 of 28 patients with tracheomalacia and five “control
subjects” with dry cough. The CT-enabled diagnosis of tracheomalacia was determined by using
the change in the cross-sectional area (CSA) at the level of maximum collapse, resulting in a
sensitivity of 85% and specificity of 100%. Finally, 27 children with bronchoscopic evidence of
tracheomalacia and 320 control subjects were evaluated to determine the accuracy of using
free-breathing cine CT for diagnosing tracheomalacia, as defined by the change in the tracheal
CSA ( 158 ). Fifty-seven percent of patients with malacia diagnosed through bronchoscopy had a
significant change in the CSA, compared with 11% of control subjects, with 96% sensitivity, 97%
specificity, and 97% accuracy being demonstrated.

Wu and colleagues ( 28 ) described 76 premature infants with severe BPD between 40–50 weeks’
PMA by using a combination of CT with angiography and bronchoscopy/tracheoscopy to diagnose
large airway disease (defined as a >50% decrease in the tracheal or bronchial CSA from inspiration
to expiration) and determined its effect on BPD-related morbidity. Large airway malacia was
associated with increased risks of death before hospital discharge, tracheostomy, and home
pulmonary vasodilator therapy.

An emerging area for the diagnosis of large airway disease is respiratory-gated MRI. Bates and
colleagues ( 159 ) performed a retrospective study of 27 neonates by using a specialized MRI



system within their NICU to evaluate for tracheomalacia. The change in the luminal CSA as
determined through bronchoscopy was used to identify those with tracheomalacia. A recent study
by Hysinger and colleagues ( 160 ) validated the use of ultrashort echo-time MRI for diagnosing
tracheomalacia as compared with bronchoscopy. The use of MRI to diagnose airway malacia had a
moderate correlation with the use of bronchoscopy.

Overall, the quality of evidence is very low. No direct evidence answers this PICO question for
patients with PPRD. With one exception, studies were retrospective, single-center studies that
included small sample sizes. The available data demonstrate that using CT to diagnose large
airway disease results in variable sensitivity, specificity, and concordance with using bronchoscopy.
This may be due to the state dependence of imaging findings that vary according to whether the
infant is calm, agitated, or in respiratory distress.

In patients with PPRD, large airway imaging can lead to the diagnosis and treatment of surgically
correctable findings. Without treatment, TBM is associated with significant morbidity ( 140 ). Large
airway imaging can be used to avoid the sedation associated with bronchoscopy. Dynamic CT can
provide objective data to complement bronchoscopy data. CT imaging can be used to noninvasively
evaluate parenchymal and vascular pathologies that contribute to airway disease when sedated
bronchoscopy is not feasible (lack of subspecialist availability, clinical instability, or prohibitively
small artificial airway).

Advanced imaging of young patients and its interpretation requires specialty expertise that may not
be available at all centers. CT imaging requires radiation exposure, albeit at a relatively small dose
designed for pediatric imaging studies ( 161 – 166 ). The amount of radiation is variable (0.75–1.96
mSv in the studies above). There are center-specific differences in imaging protocols, including
positive end-expiratory pressure (PEEP) titration and degree of patient sedation, which can lead to
decreased generalizability of the findings. Finally, in the studies referenced here and in the
panelists’ practices, CT and MRI are not as sensitive as bronchoscopy for diagnosing TBM and
thus may not provide a definitive diagnosis.

Parents are understandably concerned about the radiation exposure associated with CT. Should
noninvasive dynamic CT be offered without sedation and ventilation, it may be preferred to
bronchoscopy. Alternatively, if reliable airway imaging requires a combination of sedation,
mechanical ventilation, and radiation exposure, bronchoscopy may be preferred. Dynamic MRI of
the airways, when available, is an alternative that can be performed without radiation or sedation (
159 ).

There is a cost associated with airway imaging, which includes radiologist expertise for protocol
design, implementation, and interpretation of the studies. We recommend unsedated CT because
anesthesia is associated with increased risk and cost and affects dynamic airway collapse.
Alternatively, earlier identification of large airway disease can reduce costs by allowing for PEEP
titration to decrease hospital LOSs and readmissions.

The use of bronchoscopy is most likely to result in an accurate identification of large airway disease
[ see Q uestion 6: S hould all infants, children, and adolescents born preterm (gestational age less
than 37 wk) with PPRD undergo airway endoscopy ?]. Large airway CT imaging is noninvasive but
requires radiation exposure and is less sensitive and specific than bronchoscopy. However,
dynamic airway imaging may be useful when bronchoscopy is not possible or in cases in which
imaging would identify extrinsic compression or other anatomic features causing central airway
collapse. A subset of patients may require a combination of bronchoscopy and imaging ( Figure 1 ).

The 2020 ERS guidelines for the long-term management of children with BPD recommended
consideration of lung imaging for children with more severe BPD.



For infants, children, and adolescents with PPRD who do not have symptoms suggestive of airway
malacia, we suggest that dynamic airway imaging (CT or MRI) not be used as a screening test for
the routine diagnosis of TBM ( conditional recommendation, very-low-certainty evidence ).

We suggest that unsedated, dynamic airway imaging (CT or MRI) be used for the diagnosis or
reevaluation of TBM in patients with PPRD who have recurrent symptoms suggestive of airway
malacia as an alternative to bronchoscopy when the risks from anesthesia for bronchoscopy are
judged to be greater than the risks from radiation or when bronchoscopy is not feasible or available
( see Figure 1 ) ( conditional recommendation, very-low-certainty evidence ).

TBM is diagnosed by measuring the CSA ratio. This recommendation was informed by available
literature, pediatric radiology guidelines, and expert opinion. Although technical image-acquisition
details will differ by institution and device manufacturer, CT should be performed by using
appropriate dose-reduction techniques ( 161 ), which can be as low as 0.5 mSv. Airway MRI can be
performed by using dynamic cine or gating techniques (active or retrospective), with time
resolutions as low as one-eighth of a respiratory cycle for retrospectively gated ultrashort echo-time
sequences at high resolution ( 159 ). Although dynamic airway MRI is currently limited to centers
with this unique resource, this technique may represent the future of TBM diagnosis, as it does not
require radiation or sedation. Sedated imaging studies are less likely to capture dynamic airway
collapse and are therefore not recommended.

This recommendation accounts for the fact that dynamic airway imaging may not be available at all
centers. It places a high value on properly diagnosing conditions that significantly impact clinical
care. The decision to perform airway imaging in addition to or in lieu of bronchoscopy requires
careful consideration by the clinician.

Despite the frequency of PPRD in preterm infants, children, and adolescents, we were unable to
make strong recommendations because all of the evidence was of very low certainty. Most studies
focused on infants, which limits their applicability and suggests that much could be learned from
evaluating these therapies and diagnostic studies in older children and adolescents with PPRD.
Given the frequently unrecognized risks that late-preterm infants experience, we elected to include
them in the systematic review. However, differences between extremely preterm and late-preterm
infants may affect clinical management.

In some cases, multicenter studies are warranted to investigate our specific recommendations more
comprehensively. Studies examining the duration and weaning or discontinuation of inhaled
bronchodilator and corticosteroid therapy in patients with PPRD who have respiratory symptoms
(wheezing, cough, tachypnea) will be highly beneficial. However, further RCTs of diuretics in
children with PPRD require careful consideration of the risks of treatment before examining the
short- and long-term outcomes of this common but potentially unnecessary intervention. Further
studies are needed to determine the role of diagnostic PSG in patients with PPRD. The utility of an
interdisciplinary aerodigestive team approach to conducting formal evaluations of swallowing
(including both VFSS and FEES), airway endoscopy, and airway imaging should be studied to
determine its clinical benefit and feasibility for patients with PPRD.

Studies in areas not specifically addressed by these clinical practice guidelines may also warrant
further investigation. Such topics include longitudinal assessments of pulmonary function,
potentially using infant pulmonary function testing, forced oscillation techniques, spirometry,
plethysmography, and other novel modalities for measuring respiratory physiology in patients with
PPRD across the lifespan. The management of both acute respiratory exacerbations and chronic
care warrants further study. The impact of environmental exposures, including but not limited to
inhaled tobacco smoke and air pollution, on those with PPRD is likewise an important area for
future research. How PPRD affects the risk of chronic obstructive pulmonary disease, emphysema,
and other chronic respiratory conditions in adults remains to be determined as populations of
extremely preterm neonates reach this age in the coming decades. Approaches to the prevention of
these severe, life-limiting conditions should also be studied in adult cohorts with PPRD.



PPRD manifests as a spectrum of disease severity. Even those with milder disease are at risk for
long-term respiratory impairment ( 167 ). Given the lack of clinical studies in infants, children, and
adolescents with PPRD, this clinical practice guideline will aid primary care providers and
specialists in diagnosing and treating respiratory symptoms commonly seen in this population.
There are currently no medications or diagnostic testing that are universally indicated for those with
PPRD. However, future studies will elucidate which subgroups of patients will benefit from targeted
therapies for the prevention and treatment of PPRD in a personalized approach. As patients with
PPRD enter into adulthood, additional clinical and translational research will be critical for
determining the risk of cardiopulmonary disease later in life. The recommendations in this guideline
were reviewed by the ATS Quality Improvement and Implementation Committee, and none are
considered suitable for performance measure development.
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