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Abstract: Bronchoscopy is one of the important tool for the pulmonary and critical care physicians to
diagnose and treat various pulmonary conditions. It is increasingly being used by the intensivist due to
its safety and portability. The utilization of bronchoscopy in the intensive care unit (ICU) has made the
diagnosis and treatment of many conditions more feasible to intensivists. Sedation, topical or intravenous,
usually helps better tolerate the procedure. However, the risks and benefits of bronchoscopy should be
carefully considered in critically ill patients. The hypoxic patients in ICU pose a challenge as hypoxemia
is one of the known complications of bronchoscopy, and this risk is exacerbated in patients with hypoxic
respiratory failure. Bronchoscopy is relatively contraindicated in patients with severe hypoxemia and
coagulopathy. However, bronchoscopy in hypoxic patients can have diagnostic as well as therapeutic
implications. In patients with hypoxic respiratory failure, the use of non-invasive ventilation (NIV)
during bronchoscopy has been shown to reduce the risk of intubation. On the other hand, bronchoscopy
in mechanically ventilated patients is not contraindicated and has been widely used. Staying focused,
monitoring vital signs closely, limiting the scope time in the airway, and understanding patient’s physiology
may help decrease risk of complications. In this review, we discuss indications, techniques, complications,

and yield associated with bronchoscopy in critically ill hypoxic patients.
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Introduction including airway obstruction, foreign bodies, hemoptysis,

Bronchoscopy is an important tool for pulmonary and mucus plugging, and others (4-6). In general, bronchoscopy

. . . . is considered a low-risk procedure in healthy patients or
critical care physicians to diagnose as well as treat various

pulmonary diseases (1-3). In the intensive care unit (ICU), patients with mild, stable systemic diseases (7). However,
due to its safety and portability (3), bronchoscopy plays a
significant diagnostic and therapeutic role in critically ill

patients who cannot be transported to the remote imaging

patients with pre-existing hypoxic respiratory failure pose a
unique challenge for the bronchoscopist. The possibility of
worsening hypoxia and the need for escalation of care must

or diagnostic units (1). Various conditions like vocal cord be weighed against the benefits of the procedure. In this

dysfunction, tracheobronchomalacia, airway obstruction,
foreign bodies, pneumonia, diffuse parenchymal lung
disease, and lung cancer can be easily diagnosed with
bronchoscopy (3). It can also help treat several conditions
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review, we discuss flexible bronchoscopy in patients with
hypoxemic respiratory failure, particularly those treated
with non-invasive and invasive mechanical ventilatory

support.
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Indications and contraindications

Indications are shown in Zable 1.

Contraindications

% The American Thoracic Society recommends avoiding
bronchoscopy and bronchoalveolar lavage (BAL) in
patients with hypoxemia that cannot be corrected
(partial pressure of oxygen (Pa0O,) <75 mmHg, PaO,/
fractional inspired oxygen (FiO,) <150 or oxygen
saturation (SpO,) <90% with supplemental oxygen) (9).

% Transbronchial biopsy should be avoided if the patient
has severe thrombocytopenia with platelet count <50K,
coagulation disorder, or severe renal dysfunction (3).

% NIV should be avoided if the patient has one of the

following: Facial deformity, upper gastrointestinal

bleeding, upper airway obstruction, inability to protect
the airway, significantly altered mental status, acute
coronary syndromes, severe hemodynamic instability,

and respiratory or cardiac arrest (10).

Preparation
Consent

Verbal and written information explaining indications,
procedure, and potential complications should be provided.
If the patient does not have capacity to make decisions, next
of kin should be approached to obtain informed consent.
In the elective bronchoscopy, solid/fatty food should be
avoided for 8 hours and light/non fatty food and non-
human milk should be avoided for 6 hours. Clear liquids
like water, fruit juice without pulp are allowed up to 2 hours
prior to the procedure (11,12). For patients on mechanical
ventilator support or patients requiring emergency
bronchoscopy, aspiration of stomach content with naso/
orogastric tube just prior to the procedure may be sufficient
to prevent aspiration (13).

Risks and precautions

Critically ill patients are in general at high risk for any
invasive procedures, especially those with metabolic
derangements or bleeding diathesis (6). Thus, all electrolyte
disturbances and coagulopathies must be corrected before
starting bronchoscopy (14-16). Some factors like PaO,
less than 70 mmHg with FiO, greater than 70, positive
end-expiratory pressure (PEEP) >10 cmH,0O, active
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Table 1 Indications (2-6,8)

Diagnostic indications

Pneumonia

Bacterial, fungal or viral

Unexplained infiltrates on chest X-ray or CT chest

Suspected foreign body

Hemoptysis

Identify the site of bleeding

Post-trauma

Identify the site of tracheal injury or tracheoesophageal fistula

Burn patients

Identify the extent of the tracheobronchial burn

Airway obstruction

Identify the etiology as benign or malignant
Therapeutic indications

Removal of foreign bodies

Mucus plugging and atelectasis

Tumor debridement for airway obstruction

Stent placement

Control of bleeding from central lesions by inserting
endobronchial blockers, cryotherapy or argon plasma
coagulation

Removal of foreign bodies

bronchospasm, recent myocardial infarction, unstable
arrhythmia, increased intracranial pressure (ICP) were
identified to increase the risks of complications of
bronchoscopy (2). The risks and benefits of bronchoscopy
should be carefully assessed in critically ill hypoxic patients.

Monitoring

Bronchoscopy has been associated with a change in lung
compliance and an increase in mean arterial pressure, mean
pulmonary artery pressure, and carbon dioxide (CO,) levels
(17-19). Hypoxia and tachycardia are a result of BAL in
several studies, although these were clinically insignificant
in most patients (20). Bronchoscopy with BAL is associated
with a worsened oxygenation, with an 80-86% reduction
in PaO,/FiO, ratio from baseline regardless of the volume
of BAL used (21). To avoid this, we routinely increase the
FiO, to 100% prior to starting the bronchoscopy. In case of
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persistent desaturation below 88%, bronchoscope should be
withdrawn from the airway and either FiO, or PEEP should
be increased. Patient’s oxygen saturation should increase to
95% or above prior to resuming the bronchoscopy.

Like all ICU patients, those who will undergo
bronchoscopy should have continuous cardiac monitoring,
non-invasive or invasive blood pressure monitoring, pulse
oximetry, and end-tidal CO, monitoring (16). Setting alarms
for abnormal vital signs makes resuscitation and withdrawal
from the airway faster in case of complications. Drugs for
sedation reversal and treatment of arrhythmias, hypotension,
and seizures and equipment needed for resuscitation should
be available (22). For non-intubated patients, possible need of
intubation during or after the procedure should be discussed
with the patient. In such cases, a bag valve mask and an
endotracheal tube (ETT) should be at the bedside before
starting the procedure (22). In patients with a head injury,
monitoring ICP is necessary due to risk of an increase in
PCO, levels during bronchoscopy (23,24).

Sedation

Patients offered sedation during bronchoscopy usually
tolerate the procedure better and are less likely to have a
failed procedure (25-27). If patients are already intubated
prior to the procedure, then intravenous sedation should
be temporarily increased to facilitate the bronchoscopy.
For non-intubated hypoxic patients, physicians are usually
concerned about the sedation related worsening respiratory
drive and hypoxia during the procedure. In non-hypoxic
patients undergoing bronchoscopy, use of moderate
sedation is not associated with increased incidence of
severe desaturation as compared to patients who did not
receive moderate sedation (28). In a RCT by Saksitthichok
et al., all patients were given 50 pg of fentanyl prior to the
procedure (29). Out of 51 patients studied in this RCT, no
case of over sedation or desaturation requiring intubation
was identified during the procedure in this trial. In an
another RCT by Simon er al., authors used propofol bolus
of 10 to 20 mg every 2 to 3 minutes (30). In the noninvasive
ventilation arm, out of 20 patients, none of the patients had
significant desaturation or need of intubation within 8 hours
after the procedure. In the high flow nasal cannula
group, out of 20 patients, one patient required intubation
immediately after the procedure. Rest of the patients in
high flow nasal cannula group, did not require intubation
within 8 hours after the procedure. Individualized approach
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should be used based on patient’s clinical condition and
duration of the procedure. Sedation with low dose fentanyl
or intermittent propofol boluses are safe options.

Topical anesthesia

Lidocaine should be used for topical anesthesia during
bronchoscopy, unless contraindicated (31). Both
cricothyroid and spray-as-you-go techniques are effective in
delivering lidocaine to the vocal cords and trachea depending
upon the procedure and mode of ventilatory support (31).
Nebulization can be used as a technique for delivering
lidocaine to the airway (32). 1-2% lidocaine solution
should be used for spray-as-you-go administration (33).
Bronchoscopists should use the lowest dose of lidocaine
sufficient to prevent excessive coughing to avoid side effects
like lidocaine toxicity. Average lidocaine required in most
studies ranges from 80 to 160 mg (34,35). Excess doses of
lidocaine lead to central nervous system (CNS) and cardiac
toxicity. The signs and symptoms of CNS toxicity ranges
from periorbital numbness, nausea, confusion, drowsiness,
nystagmus, paresthesia to convulsion and coma. The signs
and symptoms of cardiac toxicity include hypotension,
bradycardia, arrhythmia and cardiac arrest. Treatment of
lidocaine toxicity is usually supportive.

Bronchoscopy with non-invasive ventilation (NIV)

NIV constitutes a cornerstone in the treatment of acute
respiratory failure of various etiologies (10,36,37). It reduces
the intubation rate in patients with hypoxemic respiratory
failure (7,38). Some case series and randomized controlled
studies suggested that NIV can prevent respiratory
deterioration in spontaneously breathing hypoxemic
patients undergoing bronchoscopy (4-6,8-10,39). NIV
helps compensate for resistance and extra work of breathing
created by bronchoscopy during the procedure. The use of
NIV during bronchoscopy reduces the risk of intubation
in patients with hypoxic respiratory failure (7). A single
but well-conducted randomized trial suggests continuous
positive airway pressure (CPAP) machine plus oxygen is
superior to oxygen alone during bronchoscopy in patients
with hypoxia, preventing the reduction in saturation
and the need for ventilator support post-procedure (40).
Three studies suggest NIV helps to prevent the need for
mechanical ventilation in patients with hypoxia undergoing

bronchoscopy (29,30,41).
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Procedure

The ventilator mode should be set to pressure support (40).
Inspiratory pressure should be titrated in the range from 10
to 25 cmH,O and PEEP from 5 to 10 cmH,O to achieve
optimal ventilation and oxygenation (30,35,41).

Ventilator settings should be adjusted as per the patient’s
tolerance. Simple full-face masks with swivel connector can
be used as interfaces secured to the patient’s face with elastic
straps for the procedure along with bite block (Figure I).
The size of the bronchoscope used in studies ranges from
4 to 6.4 mm external diameter depend on the procedure
intended. Both nasal and oral routes are equally safe. 2%
lidocaine solution should be used for topical anesthesia of
nasopharynx and tracheobronchial tree. Short term sedation
can be administered and adjusted according to their
respiratory and hemodynamic status (29,30,42). Patients
should be supplied with 100% FiO, during bronchoscopy
(one or more of these procedures can be performed in
the same bronchoscopy application: BAL, bronchoscopic
brushings, biopsies, and therapeutic aspiration) under NIV.
Following bronchoscopy, NIV should be continued in
all patients for at least two hours to minimize the risk of
intubation (43).

Case scenario

A 50-year-old male with past medical history of
hypertension, diabetes mellitus and acute myeloid leukemia
with history of bone marrow transplantation presented
with progressive shortness of breath. He was noted to
be hypoxic on room air and required 2 L/min of oxygen
via nasal cannula. CT chest showed bilateral ground
glass opacities concerning for pneumonia. Despite broad
spectrum antibiotics, his clinical condition continued to
deteriorate and he started requiring 4 L/min of oxygen
supplementation. Decision was made to do bronchoscopy to
rule out opportunistic infections. Prior to bronchoscopy, the
oropharynx was anesthetized with lidocaine spray. He was
placed on NIV support with IPAP of 10 cmH,0 and EPAP
of 5 emH,0. FiO, was increased to 100%. Thereafter,
50 mcg of fentanyl IV and 1 mg of midazolam IV was
administered for moderate sedation. IPAP was titrated to
maintain tidal volume of 400 and PEEP was increased to
10. After that bronchoscope was passed via the adapter,
through the mask, and lidocaine was used to anesthetize
vocal cord and tracheobronchial tree. A BAL was done from
right middle lobe along with trans bronchial biopsies. No
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Figure 1 Non invasive ventilation mask.

significant bleeding was noted. After the bronchoscopy,
patient was awake and following commands. IPAP and
EPAP was weaned off along with FiO,. Patient required 6
liters of oxygen after the procedure for 24 hours to maintain
oxygen saturation greater than 90%. Patient was diagnosed
with Mucor mycosis and started on antifungal.
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Figure 2 Swivel adaptor.

Bronchoscopy in intubated patients on
mechanical ventilation

Bronchoscopy in mechanically ventilated patients is not
contraindicated; on the contrary, its utility can range
from determining the course of treatment (BAL and
transbronchial biopsies) to being lifesaving when it is
performed for the removal of mucus plugs, relieving central
airway obstruction or controlling massive hemoptysis (2).
Studies have reported that 65% to 79% of bronchoscopy
in ICU were performed in mechanically ventilated patients
(1,2,22).

ETT size

The British Thoracic Society recommends that “the
external diameter of a bronchoscopy used in ICU setting
should be carefully selected according to the size of
the ETT and the type of airway device used” (16). By
introducing the bronchoscope into the ETT; it will occupy
up to 66% of the diameter of ETT (16). Ideally, ET tube
internal diameter should be at least 2 mm higher than
the outer diameter of the bronchoscope. A bronchoscopy
with smaller diameter won’t be as effective in suctioning
mucus plugs or blood clots as larger bronchoscopes; thus,
the choice of the bronchoscope should also depend on
the indication of bronchoscopy (2). Bronchoscopy can
cause pulmonary distention and barotrauma by increasing
resistance due to partial airway occlusion (44).
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Preparation

A special adapter is to be attached to ET'T that allows the
insertion of the bronchoscope without a significant effect on
tidal volume (22) (Figure 2). A bite block around the ETT
can prevent any damage to the fiberoptics (2). Lubricating
the bronchoscope might be needed to facilitate its entry
through the ET'T (2).

Ventilator settings

It is recommended to pre-oxygenate patients to 100% FiO,
before bronchoscopy as well as during the bronchoscopy
and recovery (22). The mandatory ventilatory setting
is required to maintain adequate ventilation (16). Since
peak pressures will increase during bronchoscopy, it is
important to increase the alarm limits of pressure to ensure
that adequate tidal volumes are being delivered (16).
We do not recommend to use spontaneous mode of
ventilation. We usually place ventilator on volume control
mode of ventilation with higher pressure alarm limits.
Pressure control ventilation mode can be used during the
bronchoscopy. However, careful monitoring and titration of
pressure is required to achieve adequate tidal volume as well
as avoid the swings of tidal volume during the advancement
and withdrawal of the scope. Volume targeted pressure
limited ventilators can be a good mode of ventilator. But,
this mode of ventilator will also require the adjustment of
pressure limits to ensure adequate tidal volume. There is no
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study showing superiority of one mode of ventilation over
the other mode of ventilation. FiO, is usually set at 100%
for the duration of the procedure.

Complications
Hypoxemia

Hypoxemia is one of the most common complications
of bronchoscopy, which can persist up to 2 hours post-
procedure (17). Transient hypoxemia can be seen in
0.8-35% of patients undergoing bronchoscopy without
oxygen supplementation despite having oxygen saturation
above 90% before the procedure (45,46). Hypoxia could be
easily corrected by oxygen supplementation. Mechanism
of hypoxemia during bronchoscopy includes upper
airway obstruction in obese patients, tracheobronchial
obstruction with ventilation-perfusion mismatch caused by
bronchoscope, suctioning, local anesthetics, bleeding, etc.
as well as hypoventilation caused by sedation (47).

In healthy people, PaO, can decline by 20-30 mmHg,
whereas in the critically ill patient, it can decline up to 30—
60 mmHg (48). It is recommended to avoid hypoxemia by
oxygenating all patients with FIO, of 100% for 15 minutes
before the procedure and minimizing prolonged suctioning,
which reduces forced residual capacity and tidal volume
(49,50). Instillation of saline and Lidocaine aggravates
hypoxemia further (51). Application of NIV helps in
increasing the mean airway pressure and tidal volume,
thereby improving oxygenation and ventilation (35,52,53).

Patients with hypoxic respiratory failure are at
increased risk of developing worsening hypoxemia during
bronchoscopy (54). BAL in ventilated patients transiently
increases the A-a gradient and worsens the PaO,/FiO, ratio
independent of BAL volume (21,55). This was observed
mainly in acute respiratory distress syndrome (ARDS)
patients, where a drop in PaO, of more than 30% was noted
in up to 35% of patients (17). Schnabel er 4l. (52) noted
that during 164 bronchoscopies with BAL in critically ill,
ventilated patients with suspected pneumonia, 29% of
patients had a decline in PaO,/FiO, ratio by greater than
25% at 1 hour after the procedure and persisted in 14%
patients at 24 hours after the procedure. 22% of patients
developed hemodynamic instability within the first 24 hours
of the procedure (52). Prebil ez al. (56) studied 100 research
bronchoscopies with BAL in critically ill and mechanically
ventilated patients. They found that hypoxemia was the
commonest complication during procedure occurring
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in up to 9% of patients (57). Cracco et al. (54) studied
169 bronchoscopic procedures in non-intubated patients
with PaO,/FiO, less than 300. 35% of patients required
increased ventilatory support within 24 hours, while 15%
of patients required intubation (54). Kalcheim-Dekel ez al.
performed bronchoscopy in 7 patients with ARDS while
they were in the prone position, and significant desaturation
was noted in only one patient (57).

Pneumothorax

Pneumothorax is usually a rare complication during
bronchoscopy with BAL. There have been some reports
of pneumothorax post-BAL in ventilated patients even
without transbronchial biopsies (18). In the study by
Cracco et al. (54), pneumothorax rate was low. 2 patients
(1.1%) developed pneumothorax after BAL without
transbronchial biopsies. Most cases of bronchoscopy
associated pneumothorax are associated with transbronchial
biopsies (58). O’Brien et al. (59) studied 71 mechanically
ventilated patients undergoing transbronchial biopsies.
Ten patients (14.3%) developed pneumothorax after
transbronchial biopsy (59). In non-lung transplant patients,
pneumothorax rate was 18.9% which was higher than
the rate of pneumothorax in lung transplant patients
6.5% (P=0.085) (59). Pincus et al. studied 13 patients
who underwent transbronchial biopsy for the diagnostic
workup of diffuse pulmonary infiltrates; 2 pneumothoraxes
(15%) were noted in their study (60). Bulpa ez /. (61)
categorized 22 immunocompetent patients undergoing
transbronchial biopsies based on the presence or absence
of ARDS. Pneumothorax rate among ARDS patients was
27.2% (3/11 patients) compared to 9% (1/11 patients) in
non-ARDS patients (61). In the study by Papin ez al. (62),
pneumothorax was seen in 1 out of 15 patients (6%)
undergoing a transbronchial biopsy while receiving
mechanical ventilation.

Bleeding

Bronchoscopy with only BAL is rarely associated
with significant bleeding, even in patients with severe
thrombocytopenia (63). Most of the cases of bleeding are
noted with transbronchial biopsies (16). The study done by
O’Brien ez al. (59) showed that in mechanically ventilated
patients undergoing transbronchial biopsies, clinically
significant bleeding (>30 and <100 mL) was observed in
4.8% of patients. Only one patient (1.2%) had bleeding of
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Study Population

Intervention

Outcome

Cracco et al. 169 hypoxic patients requiring oxygen

>8 liters/min or NIPPV

O’Brien et al. 71 mechanically ventilated patient: prolonged
mechanical ventilation after the lung transplant,
34 patients; immunocompromised, 17 patients;
non immunocompromised, 20 patients

Bulpa et al. 38 mechanically ventilated patients

Arcadu et al. 106 patients with acute respiratory failure and

underlying ILD

With or without BAL

Trans bronchial biopsy

BAL and trans
bronchial biopsy

BAL. No transbronchial
biopsy was performed
in this cohort

Diagnostic yield: 59%; change in therapy:
51%

Change in management: 58.8% of
immunocompromised patients and 60%
of non-immunocompromised patients

Diagnostic yield: transbronchial biopsy
and BAL, 74% (BAL: 29%; trans bronchial
biopsy: 63%). Change in therapy: 63%
patients

Diagnostic yield: 16 (13%); 12 infections
and 4 hemorrhage

BAL, bronchoalveolar lavage.

more than 100 mL while undergoing biopsy (59). However,
Bulpa et al. (61) found a higher incidence of bleeding in their
study. Four out of 38 cases (10.5%) developed significant
bleeding after transbronchial biopsies. The risk of bleeding
was higher in immunocompromised patients (18.75%) as
compared to immunocompetent patients (4.5%) (61).

In general, bleeding can be seen in up to 5% of cases
with transbronchial biopsy (16). However, bleeding during
bronchoscopy in hypoxemic patients can worsen hypoxia and
may require escalation of care or additional intervention.

Mortality

In general, mortality within 24 hours of bronchoscopy is
low. Cracco et al. (54) described 4 cases of cardiac arrest
(2.3%) within 24 hours and three deaths (1.77%) within
24 hours of bronchoscopy out of 160 bronchoscopies in
mechanically ventilated patients.

Diagnostic yield (Table 2)

In the study by Cracco ez al. (54), fiberoptic bronchoscopy
with or without BAL provided the diagnosis in 100 (59%)
procedures, and the results led to the introduction or
discontinuation of a treatment in 86 (51%) procedures (54).

O’Brien et al. (59) studied 71 mechanically ventilated
patients undergoing transbronchial biopsies. Out of 71
patients, 34 (47.9%) patients were on prolonged mechanical
ventilation after the lung transplant, 20 (28.2%) patients were
non-immunocompromised patients, and 17 patients (23.9%)
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were immunocompromised patients (59). Transbronchial
biopsy resulted in a change in medical management in 10
(58.8%) immunocompromised patients and 12 (60.0%) of
the non-immunocompromised patients (59).

Bulpa et al. (61) studied 38 ventilated patients who
underwent BAL and transbronchial biopsies. BAL provided
a specific diagnosis in 11 (29%) patients. BAL was the
only positive diagnostic study in 4 (10.5%) patients (61).
Similarly, transbronchial biopsies provided the diagnosis
in 24 (63%) cases and contributed as a sole diagnostic
test in 17 (44%) patients (61). A combination of BAL and
transbronchial biopsy provided the diagnosis in 28 (74%)
patients and resulted in a change in therapy in 24 (63%)
patients (61).

Bronchoscopy in the clinical assessment of acute
respiratory failure in patients with interstitial lung disease
is often performed with only a 13% yield in this large
retrospective cohort (64). In one study that looked at
patients who had bronchoscopy for hemoptysis, 29% of the
patients had bronchogenic carcinoma, 23% had bronchitis,
and 22% no obvious cause (2). The yield of bronchoscopy in
removing mucous plugs and improving aeration of the lungs
ranged between 41% and 81% (2). When air was insufflated
through the working channel of the bronchoscopy, the
percentage of patients with re-expansion of the atelectatic
lung increased to 85% (65).

Conclusions

Some patients treated for acute respiratory failure in the
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ICU will require diagnostic or therapeutic bronchoscopy.
While bronchoscopy is generally considered a safe
intervention (7), it is well known that bronchoscopy may
induce significant hypoxemia (39). Bronchoscopy in patients
with hypoxic respiratory failure carries increased risks
compared to non-hypoxic patients. That is why risks and
benefits should be thoroughly assessed before proceeding
with bronchoscopy. Bronchoscopy may be performed with
NIV or mechanical ventilation. Maneuvers like BAL are
well tolerated. However, careful consideration should be
taken before proceeding with transbronchial biopsies.
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