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Ab s t r ac t
Fiberoptic bronchoscopy (FOB) has simplified the direct examination of the lungs and is widely used for diagnosis and therapy. Fiberoptic 
bronchoscopes occupy a significant proportion of cross-section area of central airways, which can affect lung mechanics and gas exchanges 
that may lead to desaturation and cardiac arrhythmia. This makes bronchoscopy in critically ill patients with respiratory failure even more 
challenging. Use of noninvasive mechanical ventilation (NIV) may help to avoid use of invasive mechanical ventilation in selected patients with 
acute respiratory failure. It has been shown to be useful in hypoxemic patients to facilitate bronchoscopic examination for bronchoalveolar 
lavage, bronchial brushing, endobronchial biopsy (EBB), and transbronchial lung biopsy (TBLB). Noninvasive mechanical ventilation has also 
been used to facilitate other endoscopic procedures including transesophageal echocardiography (TEE) and upper gastrointestinal endoscopy 
for diagnostic and therapeutic interventions in hypoxemic patients. Endobronchial ultrasound (EBUS) bronchoscope, having a wider diameter 
than a conventional bronchoscope, may have a more pronounced effect on lung mechanics and gas exchanges, and its use in patients on NIV 
has not been reported. Contraindications of EBUS are mostly relative and similar to FOB. There are several studies suggesting the safety of NIV-
supported FOB in hypoxemic patients. We describe our experience of the first two EBUS bronchoscopies and transbronchial needle aspiration 
(TBNA) was done in hypoxemic patients with NIV support.
Keywords: Bronchoscopy, Endobronchial ultrasound, EBUS–transbronchial needle aspiration, Fiberoptic bronchoscopy, Noninvasive ventilation, 
Respiratory failure.
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Ab b r e v i at i o n s u s e d i n t h i s Ar t i c l e
FOB = Fiberoptic bronchoscopy; NIV = Non-invasive mechanical 
ventilation; EBB = Endobronchial biopsy; TBLB = Transbronchial 
lung biopsy; TEE = Transesophageal echocardiography; EBUS =  
Endobronchial ultrasound; TBNA = Transbronchial needle 
aspiration; FiO2 = Fraction of inspired oxygen; SpO2 = Arterial 
oxygen saturation; ABG = Arterial blood gas; PaO2 = Partial pressure 
of arterial oxygen; PaCO2 = Partial pressure of arterial carbon 
dioxide; HCO3 = Bicarbonate; IPAP = Inspiratory positive airway 
pressure; EPAP = Expiratory positive airway pressure.

In t r o d u c t i o n
Performing fiberoptic bronchoscopy in critically ill patients with 
respiratory failure is challenging. Between 10% and 15% of the 
tracheal lumen is occupied by the bronchoscope, which can  
lead to oxygen desaturation and even cardiac arrhythmias.1 
This effect may be more pronounced while performing EBUS 
bronchoscopy as its widest diameter (6.9 mm, Olympus, BF-UC180F) 
corresponds to cross-sectional area of 37.39 mm2. Assuming 
minimum computed tomogram-based calculated cross-sectional 
area as 120 mm2 in women and 190 mm2 in men, an EBUS 
bronchoscope will occupy up to 31.16% (in females) and 19.68% 
(in males) of tracheal cross-sectional area.2 In acute respiratory 
failure, noninvasive ventilation (NIV) may help in avoiding invasive 
mechanical ventilation.3 Noninvasive ventilation has been reported 
to facilitate diagnostic bronchoscopy in hypoxemic patients.4–6 

We describe our experience of using EBUS bronchoscope in two 
hypoxemic patients on NIV (Figs 1A to D).

Ca s e De s c r i p t i o n

Case 1
An 80-year-old male, an ex-smoker (40 pack years) with respiratory 
distress and hypoxemia, was referred to us from another hospital. 
He was managed with NIV, antibiotics, and bronchodilators. 
The right hilum was prominent on chest radiography (Fig. 2A). 
Contrast-enhanced computed tomography of the chest showed 
right hilar and mediastinal lymphadenopathy (Fig. 2B) with cen
tral necrosis.
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Figs 2A to F: Case 1. (A) Chest right hilar prominence; (B) CT chest conglomerated mediastinal lymph node mass; (C) EBUS–TBNA cell block  
(H&E stain) showing small atypical cells with crush artifact; (D) High Ki-67 index; (E) Synaptophysin positive; and (F) CD56 positive 

Figs 1A to F: EBUS–TBNA in patient on noninvasive ventilation (A) Mouth 
guard; (B) Anesthetic face mask; (C) Catheter mount and NIV through 
face mask; (D) EBUS in patient on NIV through face mask; (E) EBUS– 
TBNA case 1; and (F) EBUS–TBNA case 2 

Bronchoscopy (Olympus BF-1T30) and EBUS (Olympus, 
BF-UC180F) bronchoscopy-guided trans-bronchial needle 
aspiration (TBNA) was done through anesthesia face mask secured 
with straps to cover the mouth and nose, and a mouthguard 
(secured by tapes) (Figs 1A and B). A catheter mount with a 
bronchoscopy port was attached and bilevel NIV (Stellar 150, 
ResMed) was delivered via a single-limb circuit with oxygen bleed-in 
port (Fig. 1C). As the bronchoscopy port was tight for EBUS scope, 
its cap was opened to advance EBUS scope (Fig. 1D) and air leak 
was minimized manually by holding the bronchoscope and catheter 
mount together with a gloved hand.

The TBNA was performed from subcarinal site (Fig. 2E). 
There were brief (lasting for >10 seconds but <30 seconds) intra- 
procedure and immediate post-procedure desaturation (SpO2 
<90%) that improved with a transient increase in oxygen flow. 
Minimum oxygen saturation noted on the monitor was 79%  
(Table 1). Cytology was normal in bronchoalveolar lavage (BAL); 
stain for acid-fast bacilli (AFB), GeneXpert, and culture for 
tuberculosis were negative. Histopathology of TBNA cell block 
(Fig. 2C) showed small atypical cells with crush artifacts, while 
immunohistochemistry (IHC) was consistent with small-cell 
carcinoma (Figs 2D to F). After discussion with family and patient 
no further escalation of treatment was agreed upon.

Case 2
A 69-year-old male, ex-smoker (15 pack years) presented to the 
outpatient department with breathlessness and productive 
cough since 2 weeks. Chest radiograph showed right lower 
zone opacity (Fig. 3A) and a CECT (Fig. 3B) showed mediastinal 
lymphadenopathy, patchy consolidation involving the right 
middle and lower lobe, and a nodular opacity in the posterior 
basal segment of the right lower lobe. Sputum smear examination 
showed acid-fast bacilli. Mycobacterium tuberculosis was confirmed 
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Figs 3A to I: Case 2. (A) Chest X-ray showing enlarged cardiac shadow and right lower-zone opacity; (B) CECT chest showing mediastinal lymph 
node; (C) Pericardial effusion and right perihilar patchy consolidation extending to RML and RLL; (D) Pericardial fluid cytology MGG (May–Grunwald 
Giemsa) stain showing atypical cells; (E) Bronchial biopsy (H&E stain) showing large tumor cells arranged in insular pattern; (F) EBUS–TBNA cell 
block H&E stain showing large malignant cells; (G) High Ki67 index; (H) Synaptophysin positive; and (I) Neuron-specific enolase (NSE) positive

Table 1: Patient blood gas and other parameters 

Parameters Case 1 Case 2

Age (years) 80 69 

Sex Male Male

Comorbidity Asthma, psoriasis, BPH None

Procedural sedation 1 mg midazolam, propofol infusion None

Oxygen  
supplementation (LPM)

10 6 

Estimated FIO2* 44–56 38–44

Intraprocedure SpO2 
minimum

79 82

Complications None None

ABG At admission Pre-procedure Post-procedure Next day At admission Pre-procedure Post-procedure Next day

pH 7.457 7.459 7.317 7.416 7.326 7.478 7.403 7.500

PaO2 (mm Hg) 62.8 67.1 51.9 70.8 52.7 65.0 51.9 121.1

SpO2 (%) 91.7 93.3 82.1 93.9 83 93.5 83.5 98.0

PaCO2 (mm Hg) 31.2 30 45.7 47.3 52.9 47.8 57.1 41.9

HCO3 (meq/L) 21.5 20.8 22.9 29.7 27 34.6 34.8 31.9

NIV-IPAP/EPAP (cm-H2O) 16/6 16/8 16/8 16/8 14/6 14/8 16/6 16/6
*Eur. Respir. J 2002;19(4):653–657, England; Eur. Respir. J. 1996;9(4):834–836, England
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PEEP causing alveolar closure.11 In patients with obstructive airway 
diseases, bronchoscopy can promote air-trapping as functional 
residual capacity (FRC) and auto-PEEP increases. These effects can 
be deleterious in patients with hypercapnic respiratory failure. 
Performing FOB with NIV support can preserve oxygenation in 
hypoxemic patients,4,5,12 facilitating BAL and other procedures. A 
randomized controlled trial5 showed significantly higher SpO2 values 
in patients on CPAP as compared with patients kept on oxygen 
alone, and five patients in the latter group needed mechanical 
ventilation following FOB. In severely hypoxemic patients, NIV was 
associated with significant improvement in PaO2/FiO2 ratio during 
FOB.4 Hypoxemia during or immediately after taking BAL is the 
most common complication. The delay before normalization of gas 
exchange varies from about 15 minutes for normal lungs to several 
hours in severe parenchymal disease.11 Our patients developed 
hypoxemia (SpO2<90%) during the procedure, and it was corrected 
with an increase in oxygen supplementation. A fall in PaO2 was  
also noted immediately after EBUS in both the patients but  
improved later with continuation of NIV. The PaCO2 post-procedure 
persisted above the preprocedure level 24 hours after the proce
dure in Case 1, this may be attributable to his preexisting obstructive 
airway disease and use of sedation. Chiner et al. used nasal face  
mask for NIV while doing bronchoscopy through oral route, but  
these patients developed hypoxemia (SpO2 <86%) during FOB 
despite NIV.9 Antonelli et al. successfully used  helmet NIV to facilitate 
FOB in a patient with respiratory failure.12 In most other studies,4,6 
full-face mask was used during FOB, just like we did.

Though EBUS–TBNA is preferably done in stable patients, 
most of the contraindications are relative and similar to FOB.13 
The safety of EBUS–TBNA in special medical conditions has been 
investigated in studies expanding its safety domain.14 A recent 
guideline15 advocates the role of NIV in facilitating FOB in a patient 
with acute hypoxemia. We successfully managed to perform EBUS 
bronchoscopy in both patients with only transient and correctable 
blood gas abnormalities and without any adverse event. Definitive 
diagnosis was achieved with EBUS–TBNA without needing 
intubation during and immediately post-procedure, and this helped 
in deciding the further treatment plan. 

In conclusion, we suggest that more studies are required to 
investigate NIV-facilitated EBUS–TBNA that should be contemplated 
only in ICU settings. 
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Di s c u s s i o n
In acute respiratory failure, NIV decreases the need for intubation3 
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BAL, brushing,6,9 endobronchial biopsy,5,6,9 and transbronchial 
biopsy6 but not reported to support EBUS–TBNA, to the best of 
our knowledge.
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