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Summary

Diagnostic or therapeutic flexible bronchoscopy is often necessary in severely ill patients. These
patients often have comorbidities that increase the risk of bronchoscopy-related complications.
Noninvasive ventilation might decrease the risk of these complications in patients with severe refractory
hypoxemia, postoperative respiratory distress, or severe emphysema, and in pediatric patients. Nonin-
vasive ventilation may prevent hypoventilation in patients with obstructive sleep apnea and obesity
hypoventilation syndrome who require bronchoscopy, and may assist in the bronchoscopic evaluation
of patients with expiratory central-airway collapse. We describe the indications, contraindications, and
technique of flexible bronchoscopy during noninvasive ventilation. Key words: bronchoscopy; non-
invasive ventilation; NIV; continuous positive airway pressure; CPAP; complications; patient safety;
respiratory failure. [Respir Care 2010;55(5):595–600. © 2010 Daedalus Enterprises]

Introduction

Noninvasive ventilation (NIV) is frequently used to treat
obstructive sleep apnea, obesity hypoventilation syndrome,
exacerbations of chronic obstructive pulmonary disease
(COPD), and chronic respiratory failure in neuromuscular

disease.1-3 According to international consensus, NIV is
defined as any form of ventilatory support applied without
endotracheal intubation, and therefore includes continuous
positive airway pressure (CPAP) and bi-level positive air-
way pressure (BiPAP) among other modes.4 NIV via nasal
or face mask improves postoperative hypoxemia5; reduces
pulmonary complications after cardiac, upper-abdominal,
or thoracic surgery6-8; facilitates weaning in patients intu-
bated for exacerbation of COPD9; and reduces intubation
rate in patients with acute cardiogenic pulmonary edema10

and in immunocompromised patients with hypoxic respi-
ratory failure11,12. Several studies have evaluated NIV’s
role in preventing intubation during bronchoscopy in high-
risk patients.13,14 Furthermore, patients with symptomatic
expiratory central-airway collapse may benefit from NIV.15

The purpose of this article is to describe the indications for
NIV during bronchoscopy and to describe the technique.
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Indications for Noninvasive Ventilation
During Bronchoscopy

Severe Refractory Hypoxemia

Bronchoscopy in patients with respiratory disorders can
be challenging. The bronchoscope occupies 10–15% of
the normal tracheal lumen and can increase the work of
breathing and decrease PaO2

by 10– 20 mm Hg, which can
cause respiratory complications and cardiac arrhythmia.16

Hypoxemia occurs with insertion of the bronchoscope
through the glottis into the trachea, and becomes worse
when local anesthetics or saline solution is instilled into
the lower airways. Bronchoalveolar lavage is associated
with worse oxygen desaturation than when lavage is not
done.17 Furthermore, suction during bronchoscopy reduces
the end-expiratory volume and positive end-expiratory
pressure and thus causes alveolar closure.

Though hypoxemia is associated with cardiac arrhythmias
in 11–40% of patients who undergo fiberoptic bronchoscopy,
these cardiac rhythm disturbances are rarely clinically impor-
tant. The American Thoracic Society, however, recommends
avoiding flexible bronchoscopy and bronchoalveolar lavage
in patients with hypoxemia that cannot be corrected to at least
a PaO2

of 75 mm Hg or to an arterial oxygen saturation of
� 90% with supplemental oxygen.18 In these higher-risk pa-
tients the traditional alternatives are avoidance of bronchos-
copy and empirical treatment, or intubation and mechanical
ventilation to assure adequate ventilation during bronchos-
copy.Endotracheal intubationandmechanicalventilationhave
potentially severe complications, however, and in many pa-
tients NIV is a valid alternative to intubation, especially in
immunosuppressed patients12,19 and in critically ill patients
with pneumonia.20 Single and multicenter randomized stud-
ies found, however, that in a heterogeneous group of patients
with a history of cardiac or respiratory disease and who de-
veloped respiratory distress during the first 48 hours after
extubation, the addition of NIV to standard medical therapy
did not improve re-intubation rate, hospital mortality, inten-
sive-care-unit stay, or hospital stay.21,22 In fact, in that patient
population NIV may be harmful and increase the risk of
death from cardiac ischemia, respiratory muscle fatigue,
aspiration pneumonitis, or complications of emergency intu-
bation.22

In other studies NIV improved oxygenation, compared
to high-flow oxygen alone, during bronchoscopy in pa-
tients at high risk for respiratory complications due to
severe hypoxemia.13,23 Note, however, that oxygen sup-
plementation alone is not the standard of practice in severe
respiratory conditions with severe hypoxemia. That pop-
ulation might be better served by intubation or NIV, re-
gardless of their need for bronchoscopy; but, to our knowl-
edge, there have been no head-to-head trials of NIV versus
intubation in severely hypoxemic patients who required
bronchoscopy.

Small studies have suggested that NIV during bronchos-
copy might be a safe and effective alternative to intubation
for maintaining adequate gas exchange in high-risk immu-
nosuppressed patients.24 There was no clear outcome ben-
efit, however, because those studies were underpowered to
identify a significant difference in intubation rate. Further-
more, the oxygenation improvement might not have any
clinical relevance.

Obstructive Sleep Apnea and Obesity
Hypoventilation Syndrome

The causes of hypoxemia during bronchoscopy include
ventilation-perfusion mismatch from obstruction by the
bronchoscope, suction, lavage fluid in the alveoli, and prob-
ably unmasking of latent obstructive sleep apnea from the
sedation.25 The hypoxemia risk may be even higher in
patients with obesity hypoventilation syndrome who al-
ready have awake hypercapnia.26

Mechanical ventilation modes counteract the negative
inspiratory forces by applying pressure into the orophar-
ynx and thus compensate for any hypotonicity of the up-
per-airway muscles, which assists in the treatment of ob-
structive sleep apnea. The collapse of the pharyngeal airway
and the response to CPAP have been documented bron-
choscopically.27,28

Case reports have documented the benefit of nasal CPAP
applied to one nostril with a nasal pillow to maintain ven-
tilation in morbidly obese patients during intubation; the
CPAP splints the airway open and thus facilitates the vi-
sualization of anatomic landmarks and the translaryngeal
passage of the bronchoscope.29 Though prompt endotra-
cheal intubation and complete airway protection may be
necessary in these patients with potentially difficult air-
ways, CPAP may assure ventilation—sometimes better than
laryngeal mask airway—during fiberoptic intubation, al-
though there is a greater risk of gastric insufflation.30

Bronchoscopy in Pediatric Patients

Young children are at higher risk for hypoxemia and
hypercapnia during bronchoscopy, because their airways
are narrower and more collapsible than those of older chil-
dren and adults, and the bronchoscope imposes a propor-
tionally higher resistance.31 CPAP increases the width of
the compliant laryngeal opening and decreases the collaps-
ibility of the lateral pharyngeal walls, which are thought to
be the most compliant structures in the upper airway.32

Flexible bronchoscopy in spontaneously breathing young
children is associated with significant decreases in tidal
volume and peak tidal inspiratory and expiratory flows,
which were reversed by CPAP.33

Postoperative Respiratory Distress

Respiratory distress from mucus plugging after thoracic
or abdominal surgery may necessitate intubation and me-
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chanical ventilation, which can lead to lung injury, poor
surgical outcome, and prolonged hospital stay. Flexible
bronchoscopy may aid in the removal of the mucus plugs
from the tracheobronchial tree and improve ventilation
and oxygen exchange, thereby avoiding intubation.34 A
spontaneously breathing patient with hypoxemia despite
maximum supplemental oxygen may benefit most from
bronchoscopy on NIV.

Severe Chronic Obstructive Pulmonary Disease

In patients with severe emphysema, bronchoscopy can
lead to air trapping because functional residual capacity
(FRC) increases by 17% when the scope is inserted trans-
nasally.35 Positive-pressure ventilation may counteract the
intrinsic positive end-expiratory pressure physiology. In
fact, NIV has also been reported to be useful in performing
uncomplicated bronchoscopy in hypercapnic COPD pa-
tients with pneumonia.14

Expiratory Central-Airway Collapse

NIV is a conservative treatment alternative for patients
with expiratory central-airway collapse.36 NIV can be used
to maintain airway patency, facilitate secretion drainage,
and improve expiratory flow. Small studies have shown
that the addition of nasal CPAP improves spirometry val-
ues, sputum production, atelectasis, and exercise toler-
ance.15,37-39 The presumed mechanism is “pneumatic stent-
ing,” defined as increased transmural pressure in the central
airways because of the increased intraluminal pressure from
the NIV, which increases the cross-sectional area of the
airway lumen.37

Alternative explanations have been proposed, however,
which challenge the concept of pneumatic stenting.40 Since

the measured flow and the shape of the flow-volume curve
depend on the lung volume at which they are measured,
expiratory flow is greater at higher lung volume than at
lower lung volume. CPAP significantly increases the peak
expiratory flow at FRC in healthy infants and in infants
with tracheomalacia. This flow increase at FRC was sec-
ondary to the increased lung volume with CPAP, since the
peak expiratory flows measured at different CPAP levels
were not different when compared at the same lung vol-
umes. Therefore, the optimal CPAP level in infants with
severe tracheomalacia may be related to increasing the
lung volume to the level at which the infant is not flow-
limited during tidal breathing, without also significantly
increasing the work of breathing by decreasing the pul-
monary compliance at increased lung volume.

Panitch et al measured expiratory resistance, mid-expira-
tory tidal flow, and maximum flow at FRC at CPAP of 0, 4,
and 8 cm H2O. Maximum flow at FRC increased 3-fold from
baseline to CPAP of 8 cm H2O (P � .005). However, there
was no difference in expiratory resistance or in mid-expira-
tory tidal flow at any CPAP level. These data suggest that in
infants with acquired tracheobronchomalacia, assessment of
forced expiratory flow reflects the amount of CPAP neces-
sary to prevent airway collapse during forced exhalation bet-
ter than can measurements of tidal mechanics.41

Regardless of the mechanism of action, based on limited
data, NIV does improve symptoms in expiratory central-
airway collapse, and can be used during bronchoscopy in
these patients to maintain airway lumen patency42 and to
titrate the pressure needed to limit airway collapse to the
accepted normal value of � 50% during exhalation (Fig. 1).
Prospective studies are needed, however, to objectively
document improvements in dyspnea, functional status, and
severity of airway collapse.

Fig. 1. Patient with expiratory central-airway collapse from congenital tracheobronchomegaly (Mounier-Kuhn syndrome) undergoing flexible
bronchoscopy for secretion removal during noninvasive ventilation while supine (A) and upright (B). In the picture, the image on the monitor
shows the severity of airway collapse.
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Contraindications

The contraindications to bronchoscopy on NIV are the
same as for any NIV application. These include conditions
resulting in high aspiration risk or inability to protect the
airway, such as emergency intubation (ie, cardiopulmo-
nary resuscitation, respiratory arrest, severe hemodynamic
instability, or encephalopathy); psychomotor agitation; re-
spiratory failure caused by neurologic disease or status
asthmaticus; the presence of facial deformities; and recent
oral, esophageal, or gastric surgery.43 Furthermore, inabil-
ity to maintain oxygen saturation above 85% despite a
high fraction of inspired oxygen (FIO2

) is considered an
indication for endotracheal intubation.22 The presence of
copious secretions that cannot be cleared or that are asso-
ciated with acidosis or changes in mental status is also an
indication to secure the airway with endotracheal intuba-
tion.22 Table 1 summarizes potential advantages and dis-
advantages of NIV versus endotracheal intubation during
bronchoscopy.

Technique

The patient is connected to the ventilator via a full face
mask that is secured to the patient’s face with elastic straps
(Fig. 2). The mask has a dual axis swivel adapter (T-
adapter) and the bronchoscope is advanced to the nares
through the swivel adaptor. Air leak is prevented by the
tight disposable cap of the swivel adaptor. Silicone or jelly
lubricant facilitates advancement of the bronchoscope
through the swivel adaptor. Bronchoscopy is then per-
formed in a standard fashion. After laryngeal analgesia
with 1% lidocaine (not exceeding 300 mg), the broncho-
scope is advanced into the trachea and complete airway
examination is performed. Electrocardiography and pulse
oximetry are continuously monitored throughout the pro-
cedure. Various definitions of severe hypoxemia have been
used (PaO2

/FIO2
� 100 mm Hg, and PaO2

/FIO2
� 300 mm Hg)

to decide on the use of NIV-facilitated bronchoscopy.23,24

We use an oxygen saturation (measured via pulse oxime-
try [SpO2

]) of � 92% despite FIO2
of 1.0 in a spontaneously

breathing patient as the criterion to consider NIV during

Table 1. Advantages and Disadvantages of NIV and ETT During Bronchoscopy

Advantages Disadvantages

NIV Bronchoscopy Potentially avoids complications related to ETT and prolonged
mechanical ventilation

Allows for spontaneous breathing, which improves ventilation-
perfusion matching and hemodynamic profile

Can be performed outside the intensive care unit for
evaluating expiratory central-airway collapse

Allows a complete airway examination
Less need for sedation

Contraindicated in many critically ill patients because of:
• Severe acidosis (pH � 7.2)
• Copious secretions
• Hemodynamic instability
• Mental status changes resulting in inability to

protect airway
• O2 saturation � 85% despite high FIO2

May cause gastric distention and increase the risk of
aspiration

ETT Bronchoscopy Offers a stable, secure airway
Better CO2 clearance
Better oxygenation
Unloads respiratory muscles
Reduces risk of aspiration
Allows repeated insertion of the bronchoscope through the

ETT, for secretion removal or if hypoventilation occurs
during bronchoscopy.

Detrimental effects from mechanical ventilation
• Alveoli over-distention injury
• Cardiac impairment
• Air-trapping
• Patient-ventilator dyssynchrony

If prolonged need for mechanical ventilation, there is
increased risk of:
• Ventilator-associated pneumonia
• Ventilator-induced lung injury
• Airway injury
• Post-extubation tracheal stenosis

Complete examination of the upper airways and upper
trachea might not be possible with an indwelling ETT

Increased need for sedation and/or paralytic agents
Potential hypoventilation, intrinsic PEEP, and high peak

airway pressure if ETT/bronchoscope-diameter
difference is � 2 mm

NIV � noninvasive ventilation
ETT � endotracheal tube
FIO2 � fraction of inspired oxygen
PEEP � positive end-expiratory pressure
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bronchoscopy, provided NIV improves oxygen saturation
before the bronchoscopy is initiated.

Bronchoalveolar lavage is performed with the tip of the
bronchoscope wedged in the bronchial segment of interest,
with sequential instillation and retrieval of 3–5 30-mL
aliquots of physiologic saline solution.20,23,24

The NIV ventilator settings depend on the clinical in-
dications. In refractory hypoxemia or hypercarbia from
COPD, for example, CPAP is set at 5 cm H2O and pres-
sure-support ventilation is set at 15–17 cm H2O. During
the bronchoscopy, FIO2

is kept at 1.0, and after bronchos-
copy is decreased to the pre-bronchoscopy level if the
patient is able to maintain SpO2

� 92%. When NIV is used
for bronchoscopy in a severely hypoxemic patient, posi-
tive-pressure ventilation is maintained for at least 30 min
after the procedure, after which NIV can be discontinued
if SpO2

remains � 92% and there is no evidence of respi-
ratory insufficiency.

If necessary, as in the evaluation of central-airway col-
lapse, procedures can be performed in the upright or supine
position, as well as on or off NIV to evaluate the degree of
airway narrowing and response to CPAP (see Fig. 1). In
excessive dynamic airway collapse or tracheobronchomala-
cia, CPAP of 7–10 cm H2O usually assures airway patency,
as has been suggested in small case series and case reports.15,39

The pressure can be incrementally raised by 3 cm H2O, until
airway caliber during exhalation is at least 50% of that during
inspiration. The exact CPAP setting that maintains airway
patency in patients with various degrees of expiratory central-
airway collapse has not been systematically studied. If cen-
tral-airway collapse is evaluated, photographic and/or video
documentation is obtained in the upright and supine posi-
tion, and on and off CPAP, to evaluate the airway narrow-
ing and response to CPAP.

Other techniques of NIV-facilitated bronchoscopy have
been reported.20,43 Antonelli et al conducted bronchoscopy
through an NIV helmet, with 10–20 cm H2O pressure
support, 8–15 cm H2O positive end-expiratory pressure,
and the lowest FIO2

that maintained peripheral oxygen sat-
uration � 92%.20 Recently, Heunks et al modified a total
full face mask by inserting a synthetic plastic cylinder that
was secured in the mask at a position that allows intro-
duction of the bronchoscope through the mouth without
interfering with the ventilator circuit. Air leakage was pre-
vented with a disposable cap from a swivel adaptor, which
sealed the cylinder.43

Summary

Clinicians may recommend endotracheal intubation in or-
der to perform flexible bronchoscopy in patients at high risk
for respiratory failure, such as those with severe refractory
hypoxemia, severe COPD, postoperative respiratory failure,
or severe obstructive sleep apnea and obesity hypoventilation
syndrome. Bronchoscopy on NIV may be an alternative in
these patients. While knowing the feasibility and safety of
diagnostic and therapeutic bronchoscopy on NIV is warranted
because it can avoid intubation and its associated risks, the
evidence to support bronchoscopy on NIV is based on studies
that were underpowered to detect changes in major clinical
outcomes. Future studies should clarify whether NIV-facili-
tated bronchoscopy impacts intubation rate or mortality in
this high-risk critically ill group.
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