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Role of Flexible Bronchoscopy in Ventilator-Dependent Neonates
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Objective: To assess the usefulness and safety of flexible bronchoscopy in ventilated
neonates with extubation failure. Method: This was a prospective observational study.
Flexible bronchoscopy was done in eligible patients with failure of extubation form invasive
ventilation. The main outcome measure was to find the presence of any anatomic or
dynamic abnormalities of the airways of these patients and the organism profile of
bronchoalveolar lavage (BAL) fluid. Results: Forty-eight babies (68.8% preterm) were
enrolled in the study. The most common finding on bronchoscopy was airway edema seen in
13 (27%) patients. BAL culture was positive in 29 (74%) patients. Overall treatment was
modified in 35 (73%) patients based on bronchoscopy findings/BAL culture. Majority of
infants (83.3%) tolerated the procedure very well. Conclusion: Flexible bronchoscopy
provides useful information in the management of newborn babies with extubation failure. 
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Prolonged ventilation may lead to multiple
adverse effects, including subglottic stenosis,
tracheobronchomalacia, nosocomial infection,
bronchopulmonary dysplasia (BPD) and neuro-

cognitive impairment [1-3]. Up to 30% of mechanically
ventilated infants require a prolonged period of invasive
mechanical ventilation and experience repeated
extubation failures. Kurachek, et al. [5], in their study on
pediatric patients, reported that upper airway obstruction
like subglottic stenosis, laryngo-malacia, tracheomalacia
are the leading causes of extubation failure [EF]. These
observations demand prompt and precise diagnosis of
these conditions. Similarly, ventilator-associated pneu-
monia (VAP) also increases the duration of mechanical
ventilation.

Flexible bronchoscopy is a well-established tool for
the evaluation of airway anomalies and infections in
neonatal ICU, with excellent safety profile [6]. Moreover,
therapeutic interventions with flexible bronchoscopy like
mucus plug removal, can efficiently relieve airway
problems and can decrease the duration of ventilation
[7,8]. There is a paucity of literature regarding the role of
flexible bronchoscopy in prolonged mechanical
ventilation/failure of extubation in neonates. We studied
the utility and safety of this modality in neonates on
prolonged ventilation/extubation failure.

METHODS

We provide data on neonatal flexible bronchoscopy from

May, 2014 to April, 2018 at a tertiary-care public hospital
of India. The study participants were neonates with a
gestational age of more than 32 weeks and failure of
extubation (defined by a need for re-intubation within 48
hours of extubation). Eligibility for and benefit of
bronchoscopy were determined by the attending
neonatologists. Written informed consent was taken from
parents/legal guardians before undertaking the proce-
dure. The study was approved by the institutional ethical
committee.

Flexible bronchoscopy was done in the neonatal
intensive care unit  (NICU) or bronchoscopy suite, which
is in close proximity to neonatal ICU. The bronchoscopy
team comprised of a bronchoscopist, bronchoscopy
technologist, neonatologist, pediatric resident doctor
and a nurse. Stable ventilated neonates were extubated
for the duration of the procedure in order to check for any
upper airway anatomic and dynamic abnormality. Pre-
oxygenation to ensure oxygen saturation remained above
90% was carried out. The majority of bronchoscopies
were performed trans-nasally, the trans-oral route was
used in four patients (cleft palate in two patients, choanal
stenosis in one patient and epistaxis in one patient). In 10
patients, bronchoscopy was done via an endotracheal
tube with a tube size of 3.5 mm, because of high ventilator
settings. Extubation was also attempted at some point in
time in this sub-group. Upper airway could not be
assessed in this subgroup. This subgroup consisted of
six-term babies and four late preterm babies.  The authors
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used Olympus BF-XP160F (Olympus Corporation, Japan)
scope with an outer diameter of 2.8 mm and a channel size
of 1.2 mm.  Electrocardiogram and pulse were recorded
continuously during the procedure and non-invasive
blood pressure was monitored every 3-5 minutes.
Supplemental oxygen was given via nasal cannula.
Desaturation ≤90% was managed by an increase in
oxygen flow rate and the use of an oxygen mask. 2%
lidocaine gel was used locally to anesthetize nasal
mucosa. 1 mL aliquots of 2% lidocaine in 1:1 dilution with
normal saline were instilled by the ‘spray-as-you-
go’ technique. Additional doses were given, if required,
to minimize patient discomfort. Bronchoalveolar lavage
(BAL) was performed with the use of normal saline
warmed to body temperature with a volume of 3 mL/kg
administered in three divided doses. The bronchoscope
was advanced until wedged in a desired subsegmental
bronchus; this technique ensured the collection of a
sample from the terminal airways with negligible
contamination from the upper airways.  It was sent for
gram staining, lipid-laden macrophages, bacterial culture,
and fungal culture. Bronchoscopy findings were noted if
present. Tracheobronchial abnormalities recorded
included subglottic stenosis, tracheomalacia (tracheo-
malacia or bronchomalacia was diagnosed when there
was a 50% reduction in the luminal diameter during
expiration), tracheal stenosis, complete tracheal rings,
tracheoesophageal fistulas, vascular rings, broncho-
malacia, hemangiomas, or mucus plugging. Therapeutic
procedures carried out were also noted. BAL culture was
done by using the BacT/Alert automatic culture system.
Culture results including organism profile and culture
sensitivity were recorded.

A standardized data extraction form was used to
obtain the demographic and clinical data including
patient age, sex, weight, co-morbidities, procedure
indication, total midazolam dose, pulse rate, baseline and
lowest blood pressure, oxygen saturation, adverse
events if any during and/or within one hour of the
procedure.

Statistical analysis: It was performed using SPSS 20.0.
The normality of the data was checked by using the
Shapiro- Wilk test. Categorical variables are presented as
percentages and continuous data as mean (SD)/median
(IQR).

RESULTS

During the study period, 998 newborn babies received
mechanical ventilation for different indications; 48 of
these (68.8% preterm) underwent flexible bronchoscopy
with or without BAL. The mean (SD) gestational age and
birthweight of the study population was 36.4 (2.2) weeks

and 2.5 (0.67) kg, and the median (IQR) chronological age
at which procedure was done was 15 (9.25,20.75) days.
Three patients were classified as chronic lung disease at
the time of inclusion in the study. Ventilator-associated
pneumonia (VAP) was diagnosed in 24 (50%) ventilator-
dependent patients prior to bronchoscopy. Persistent
lobar atelectasis was seen in 12 ventilator-dependent
patients and bronchoscopy was done with diagnostic
and therapeutic intent (removal of possible mucus plug).
Respiratory distress syndrome (RDS) was the most
common reason for mechanical ventilation [20], followed
by post-surgery [7] and meconium aspiration syndrome
[6].

Table I shows bronchoscopy findings and organism
profile of bronchoalveolar lavage culture. Bronchoscopy
evaluations revealed airway abnormalities in 38 (79%)
patients – more than one abnormality was found in 24
(50%). The most common finding was airway edema seen
in 13 (27%) patients. Laryngomalacia/ tracheomalacia or
bronchomalacia was seen in 25 (52%) of patients. Bron-
choalveolar lavage was done in 39 patients, with
adequate BAL sample collected in all.   BAL culture was
positive in 29 (74%) patients; the most common organism
isolated was Acinetobacter baumannii. 

Overall treatment was modified in 35 (73%) patients
based on bronchoscopy findings/BAL culture, including
tracheostomy in five patients (3, subglottic stenosis; 1,
subglottic hemangioma; 1, severe tracheomalacia). Laser
excision of subglottic stenosis through rigid
bronchoscopy was done in two patients, successful

Table I Bronchoscopy and Bronchoalveolar Lavage Findings
in Ventilator-Dependent Neonates (N=48)

Findings* No. (%)

Airway edema 13 (27)
Tracheomalacia 10 (20.8)
Laryngomalacia 8   (16.6)
Mucus plug 8   (16.6)
Bronchomalacia 7   (14.5)
Subglottic stenosis 5   (10.4)
BAL fluid culture
A. baumannii 11 (22.9)
K. pneumoniae 10 (20.8)
P. aeruginosa 4   (8.3)
S. aureus 2   (4.1)
E. coli 1   (2.0)
C. albicans 1   (2.0)
*Subglottic hemangioma, H-type fistula, right bronchial agenesis,
vascular ring, and choanal stenosis in one neonate each; BAL
bronchoalveolar fluid.
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mucus plug removal for atelectasis in five patients with
mucus plug (post-bronchoscopy X-ray (n=3) showed
persistent collapse of affected lobe), placement of oral
airway for choanal stenosis in one patient, surgical
procedure for H type fistula in one patient, and
modification of antibiotics based on BAL culture in 21
patients. Overall 31 (64%) patients were successfully
extubated within a week of the bronchoscopy procedure,
and 39 (81.5%) patients could be extubated within 14 days
of the procedure.

Procedural complications like transient hypoxia (n=4),
bradycardia (n=2), transient apnea (n=1) and epistaxis
(n=1) were seen in 8 (16.7%) patients.

DISCUSSION

We found flexible bronchoscopy to be a useful diagnostic
and therapeutic tool in babies on prolonged mechanical
ventilation.  Bronchoscopy evaluations revealed airway
abnormalities in a significant number of our patients.
More than half of the subjects (25/48) had laryngo-
malacia, tracheomalacia, or bronchomalacia, which was
likely due to bronchopulmonary dysplasia and/or chronic
mechanical ventilation, which are known to cause
tracheobronchomalacia [9]. Flexible broncho-scopy
helped us to modify treatment in 73% of ventilator-
dependent neonates based on the bronchoscopic/BAL
culture findings. 

A 7-year retrospective study on 599 neonates who
underwent flexible bronchoscopy reported its importance
as a diagnostic and therapeutic tool in the management of
neonatal lung disease, Vijayasekaran, et al. [10] reported
neonatal bronchoscopy safe in experienced hands and
invaluable tools in the management of a neonate with
various respiratory disorders. Others have also provided
similar conclusions [6]. The most important factor respon-
sible for ventilator dependence is ventilator-associated
pneumonia [11]. Chest X-ray has poor sensitivity to
diagnose VAP because the presence of pulmonary
infiltrates on chest X-ray is one of the main criteria for
diagnosing VAP, which may also be caused by other
conditions like pulmonary edema, atelectasis or
pulmonary hemorrhage [11]. Similarly, culture of the
tracheal aspirate has a high chance of contamination with
colonizing microorganisms [12]. BAL microbiology is a
very good marker for the diagnosis of lung infection [13].
In a study by Wang, et al. [14] on risk factors of

extubation failure in ELBW infants, atelectasis was also
found as one of the causes of extubation failure.
Extubation failure due to airway complications involving
glottic, subglottic, or tracheobronchial pathology is well
reported in the literature [15]. 

The study has some limitations. This is a review of
records with no control group, and no standardization
regarding the definition of prolonged mechanical
ventilation; the decision for bronchoscopy was based on
the clinical experience of the attending neonatologist.
Secondly, the sample size is small and this was a single-
center study. 

To conclude, flexible bronchoscopy can be incor-
porated as a diagnostic and therapeutic modality in
newborn babies with extubation failure, and we can get
useful information about the cause of extubation failure.
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