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Introduction

The introduction of endobronchial ultrasound (EBUS) 
into the armamentarium of diagnostic bronchoscopy tools 
has greatly improved our ability to visualize, characterize, 
and adequately sample paratracheal and parabronchial 
structures in addition to airway mucosal, submucosal, 
and endobronchial tissues. Radial-probe (rp) EBUS was 

introduced in the early 1990s (1) and was initially designed 
for visualization of central airway wall abnormalities and 
guidance of conventional transbronchial needle aspiration 
(TBNA). With the advent of convex-probe (cp) EBUS, 
this use has been largely abandoned. Currently, rpEBUS 
is mostly used for localizing and characterizing peripheral 
lung lesions to safely and reliably guide sampling (2,3). 
Introduced one decade following rpEBUS, cpEBUS 
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has revolutionized sampling of mediastinal and hilar 
paratracheal and parabronchial tissues, specifically lymph 
nodes and masses (4). cpEBUS replaced mediastinoscopy as 
the gold standard for evaluating lymph node involvement 
in lung cancer staging (5). It is also considered a first-line 
modality for mediastinal tissue sampling for a variety of 
other benign and malignant conditions (5).

Advances in therapy for solid organ neoplasms, in 
particular lung cancer, have led to prolonged patient 
survival. Recent data indicates improved ICU outcomes 
in this patient population (6). Hence, patients with 
suspected or established thoracic malignancies are 
more commonly requiring intensive care unit (ICU) 
care at a variety of junctures in their disease course (7).  
E B U S  m a y  h a v e  u t i l i t y  i n  t h e  e v a l u a t i o n  o f 
critically ill patients with a variety of central airway, 
mediastinal, and peripheral lung conditions, whether, 
inflammatory, infectious, or neoplastic in nature (8),  
as well as in some thoracic vascular abnormalities (9). 
Intensivists may therefore increasingly encounter situations 
where EBUS-guided tissue acquisition is useful to establish 
crucial diagnoses and, at times, confirm terminal illness 
to provide needed closure for patients as well as their 
loved ones. Nevertheless, thus far the use of different 
EBUS modalities in critically ill patients has not evolved 
beyond single center experiences in the literature. This 
is likely a result of several factors: (I) EBUS is considered 
an advanced bronchoscopic modality, which may not be 
available for intensivists due to lack of access to necessary 
equipment or lack of expertise in procedure performance (5);  
(II) EBUS bronchoscopy is applicable to a limited 
number of patients and conditions in the ICU; (III) the 
cpEBUS bronchoscope is relatively bulky compared with 
conventional diagnostic or therapeutic bronchoscopes and 
thus occupies more of the artificial airway cross-sectional 
area, requiring a larger size artificial airway, imposing 
potential difficulty in gas exchange, and raising concern over 
deleterious hemodynamic and respiratory consequences 
(10,11); and (IV) EBUS-guided procedures require a 
systematic approach and are therefore more time-prolonged 
compared with bronchoscopy for other indications, which 
may impose further risk for adverse procedure-related 
adverse effects in a critically ill patient.

In this review, we describe technical aspects of performing 
EBUS bronchoscopy and TBNA in critically-ill patients, present 
current literature pertaining to potential indications for EBUS-
guided procedures in the ICU and delineate complimentary 
modalities. Although our primary focus is on cpEBUS, the 

utility of rpEBUS in critically ill patients is also discussed.

Bronchoscopy and EBUS during positive-
pressure mechanical ventilation

Over the past four decades, flexible bronchoscopy has been 
increasingly used by intensivists in the ICU for diagnostic 
as well as therapeutic purposes. Common indications for 
diagnostic bronchoscopy in critically ill patients include 
evaluation for airway and lung infection, localization 
of airway bleeding, and assessment of airway injury or 
compromise. Therapeutic bronchoscopy may be indicated 
for aspiration of the tracheobronchial tree, removal of 
foreign bodies, and guiding percutaneous tracheostomy 
tube, endobronchial blocker, or double-lumen endotracheal 
tube (ETT) placement (12,13). Although bronchoscopy 
may be feasible and beneficial in the most critically ill of 
patients (14), the bronchoscopist must be aware of and be 
prepared for several pathophysiological consequences that 
bronchoscopy may impose on patients receiving positive 
pressure ventilation. 

Partial obstruction of the artificial airway by the insertion 
tube of the bronchoscope results in significant reduction in 
the cross-sectional area of the artificial airway (Figure 1).  
To illustrate, a typical therapeutic bronchoscope with an 
outer diameter of 6.0 mm reduces the cross-sectional area 
of an 8.5-mm ETT to that of a 5.0-mm ETT (10). As a 
consequence, bronchoscopy may result in reduction in 
tidal volume, alveolar de-recruitment, increase in airway 
resistance, impairment of gas exchange, and increase 
in intrinsic positive end-expiratory pressure (PEEP), 
all leading to compromised respiratory (10,15-19) and 
cardiovascular (10,11,20) dynamics. Increase in intracranial 
pressure has also been described; the degree and the clinical 
significance of which may vary among different patient 
populations (21-23). Furthermore, tidal volume and alveolar 
recruitment can be further compromised by suctioning 
maneuvers (24-26), while respiratory system compliance, 
airway resistance, and oxygenation can be adversely affected 
by performance of bronchoalveolar lavage (27,28). Some 
of these potential adverse effects can be attenuated by 
increasing the fraction of inspired oxygen (FiO2) to 1.0 
(13,15), using the smallest diameter bronchoscope that 
will allow achievement procedure goals (11,19), having 
an artificial airway that is at least 2 mm wider than the 
outer diameter of the bronchoscope (17,29), minimizing 
suction (24,26) and shortening overall procedure time. 
In addition, it has been shown that pressure-controlled 
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ventilation mode may be preferable to volume-controlled 
mode by attenuating the decrease in tidal volume (17) and 
the increase in intrinsic PEEP (18). Nevertheless, pressure-
controlled ventilation will likely require an increase in 
the inspiratory pressure in order to deliver the necessary 
tidal volume during bronchoscopy. It is therefore crucial 
to decrease the inspiratory pressure to pre-procedure 
levels before removal of the bronchoscope to avoid 
excessive pressure transmission to the alveoli and potential 
barotrauma following bronchoscope withdrawal (17). This 
can potentially be avoided with volume-targeted, pressure-
limited hybrid ventilation modes; however, no data is 
currently available to support this hypothesis. Additionally, 
neuromuscular blockade during the procedure may 
attenuate some of the aforementioned effects by improving 
patient-ventilator synchrony. There is no available data to 

support this hypothesis as well. 
All the aforementioned adverse cardiorespiratory effects 

of bronchoscopy in mechanically ventilated patients may 
potentially be further amplified by cpEBUS bronchoscopy, 
which utilizes a 6.7 to 8.0 mm distal end outer diameter 
integrated ultrasonic bronchoscope (Table 1), thus occupying 
a relatively larger cross-sectional area of the artificial airway 
(Figure 1). In addition, performance of TBNA may require 
inflation of a latex balloon fitted around the ultrasound 
probe in order to provide contrast interphase and improve 
visualization. This balloon can be inflated up to 20 mm 
in diameter (Figure 2), which can further compromise gas 
exchange. Furthermore, a relatively prolonged procedure 
time needs to be accounted for, when performing cpEBUS-
guided TBNA, compared with other diagnostic modalities 
of bronchoscopy such as bronchoalveolar lavage. All 

Figure 1 Effective reduction in the cross-sectional area of the endotracheal tube during bronchoscopy with a 6.3-mm insertion tube-
diameter convex probe-EBUS bronchoscope (diagrams drawn at scale). EBUS, endobronchial ultrasound.
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Table 1 Dimensions and technical specifications of commercial convex-probe EBUS endoscopes

Manufacturer Model
Widest 

OD (mm)
Insertion tube 

OD (mm)
Channel 

width (mm)
Max angulation 

flexion (˚)
Max angulation 
retroflexion (˚)

Field of 
view (˚)

US Scanning 
angle (˚)

Direction of forward 
oblique view (˚)

Olympus BF-UC180F 6.9 6.2 2.2 120 90 80 60 35 

Olympus BF-UC190F* 6.6 6.3 2.2 160 70 80 65 20 

Pentax EB-1970UK 7.4 6.3 2.0 120 90 100 75 45 

Pentax EB19-J10U 8.0 6.3 2.2 120 90 100 75 45 

Fujifilm EB-530US 6.7 6.3 2.0 130 90 120 65 10

*, not commercially available as of the time of publication. EBUS, endobronchial ultrasound; OD, outer diameter; US, ultrasound. 
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of these adverse consequences have the potential to be 
further augmented in critically-ill mechanically ventilated 
patients, who are likely to harbor compromised respiratory 
mechanics due to the disease state that has resulted in their 
respiratory failure. 

We provide technical specifications of commercial EBUS 
bronchoscopes in Table 1. Although the diameter of the 
ultrasound probe is wider than that of the insertion tube, 
it is the insertion tube that occupies the artificial airway 
for a majority of the procedure time. The outer diameter 
of currently available EBUS bronchoscopes’ insertion 
tube is in the range of 6.2 to 6.3 mm. It is therefore 
recommended to perform cpEBUS bronchoscopy via 
an ETT that is at least 8.0 mm in diameter (Figure 1).  
For tracheostomized patients, our experience is to cut 
the inner cannula tube, leaving the ventilator adaptor 
connected to tracheostomy, thus taking full advantage of the 
outer cannula lumen size for bronchoscope passage, while 
allowing ongoing mechanical ventilation. 

Performance of EBUS-TBNA is a multidisciplinary team 
effort. Depending on the healthcare system and setting, the 
team may include any combination of physicians, advanced 
practice providers, nurses, respiratory therapists, patient 
care technicians, surgical technologists, cytotechnologists, 
and anesthesia providers. Following careful review of 
available imaging, an experienced bronchoscopist proficient 
in EBUS and EBUS-TBNA performance is likely to 
identify target lesions and acquire specimens within a 
shorter procedure time. Furthermore, an assistant who is 
experienced in technical handling of the EBUS needle, 
including preparation and loading of the needle unto the 

bronchoscope channel as well as processing of the procured 
specimens, is likely to facilitate performance of the 
procedure. Rapid on-site evaluation (ROSE) of cytologic 
material has been shown to be associated with fewer needle 
passes per lesion and potentially shorter procedure time 
(5,30). Although requiring further expertise in specimen 
processing on part of the procedure team, implementing 
ROSE can potentially further shorten procedure time (8,31). 
Finally, in some instances, bronchoscopy may necessitate 
frequent adjustment of the ventilator settings and titration 
of sedatives and analgesics, and thus a separate provider to 
monitor vital signs, control ventilator settings, and titrate 
intravenous medications, can be invaluable for that purpose. 

In summary, performance of EBUS-TBNA in critically-
ill mechanically ventilated patients requires: (I) judicious 
patient selection in terms of indications, cardiorespiratory 
status, and airway access; (II) critical review of available 
imaging  for  procedure  p lanning  and target  s i te 
identification; and (III) performance by an experienced 
multidisciplinary team in attempt to maximize the yield 
while minimizing procedure time. 

Utility of convex-probe EBUS and transbronchial 
needle aspiration in the ICU

Convex-probe EBUS allows visualization and guides 
sampling of mediastinal and hilar structures (4). Lymph 
node stations accessible via cpEBUS include 2, 3p, 4, 7, 10, 
11, and in some instances 12 (32-34). In addition, cpEBUS 
has an established role in identifying, characterizing, and 
sampling mediastinal and lung lesions other than lymph 

Figure 2 Convex and radial endobronchial ultrasound equipment. (A) Olympus™ convex probe-EBUS (BF-UC180F) bronchoscope. Inset 
showing inflated water-filled balloon over the ultrasound probe; (B) Olympus™ 2.6-mm radial EBUS probe (UM—BS20-26R) fitted with 
inflatable guide sheath-mounted saline-filled balloon; and (C) Olympus™ 1.7-mm radial EBUS probe (UM-S20-20R). Inset showing a 
close-up of the radial ultrasound probe tip.

A B C
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nodes for a variety of benign and malignant conditions  
(35-37). Other less-established utilities include assessment 
of mediastinal and hilar vasculature (see below), examination 
and sampling of the pericardium (38-40), and drainage of 
loculated pleural effusions (41). 

Needle aspiration is performed under direct sonographic 
vision using a dedicated cpEBUS-TBNA needle. For 
common indications, commercially available 21- or 
22-gauge (G) needles were shown to be safe and equally 
effective in providing adequate diagnostic yield (5). More 
recently, a 19G needle has become commercially available 
and may provide the advantage of yielding larger cell blocks, 
possibly allowing to reduce the number of needle passes and 
overall procedure time, without compromising diagnostic 
accuracy (42-44). Biopsy specimens can also be obtained 
by transbronchial forceps introduced into the target lesion 
via the bronchial wall opening already established by the 
TBNA needle, thus providing histology-grade specimens 
and potentially increasing the diagnostic yield in certain 
benign and malignant conditions (45,46).

In the ambulatory patient population, cpEBUS-TBNA 
is considered a relatively safe procedure with an overall 
low complication rate (21); however, one should anticipate 
a higher risk for serious complications, such as bleeding, 
infection, or pneumothorax in critically ill patients, by 
virtue of their critical illness, as these patients are more 
likely to be coagulopathic, immune compromised, and 
receive positive pressure ventilation, respectively (47).

 We summarize current literature describing performance 
of cpEBUS-TBNA in critically-ill, mechanically ventilated 

patients in Table 2. Koh et al. retrospectively described their 
experience performing cpEBUS-TBNA in 6 mechanically 
ventilated patients that presented a diagnostic dilemma (31). 
rpEBUS-guided sampling of lung lesions was additionally 
performed in 2 of the 6 patients. All procedures were 
performed with a 22G cpEBUS needle and with an ETT 
as an artificial airway while the patients were maintained 
on pressure-controlled ventilation, PEEP of 5 cmH2O, and 
an FiO2 of 1.0. The average procedure time was 52 minutes 
with a range of 20-110 minutes and no major complications 
were recorded. A diagnosis was made in 83% of cases, 
all of whom had malignant disease, allowing guidance of 
management and therapy in all diagnosed cases (31). 

Decavèle et al. performed cpEBUS-TBNA in 9 critically-
ill patients, four of whom were mechanically ventilated (8). 
Airway access was via ETT for 3 patients and via laryngeal 
mask airway for the remaining patient. PEEP was in the 
range of 5 to 7 cmH2O and the FiO2 was maintained in 
the range of 0.35 to 0.60. A diagnosis of malignancy was 
established in 3 out of 4 patients and lead to change in 
management in 2 of 3 patients (8). 

Published in abstract form only, Chichra et al. reported 
the diagnostic yield of cpEBUS-TBNA in 8 consecutive 
medical ICU patients to be 87%, resulting in change in 
management in 71% of diagnosed patients. A majority of 
diagnosed patients (4 out of 7) had malignant disease (48). 
In a separate case report, Chichra et al. elaborated on a case 
of cryptococcal right hilar mass diagnosed with EBUS-
TBNA (49).

In summary, cpEBUS-TBNA can be considered a useful 

Table 2 Major publications describing the performance of convex-probe EBUS-TBNA in critically ill patients

Publication n
Median 

age 
(years)

Airway
Ventilator 

mode

Median 
PEEP 

(cmH2O)

Median 
FiO2 (%)

Median number 
of sampling 

sites

Median 
number of 

needle passes

Procedure 
length 

(minutes)
ROSE

Diagnostic 
yield (%)

Complications

Koh et al., 
2014 (31)

6 71 ETT PCV 5 100 1 4 20–110 Yes 83 None

Chichra  
et al.,  
2015 (48)*

8 N/A N/A N/A N/A 40 N/A N/A N/A N/A 87 None

Decavèle  
et al.,  
2016 (8)

4 63 ETT or 
LMA

N/A 5 40 1 4 N/A Yes 75 None

*, published in abstract form only. EBUS, endobronchial ultrasound; ETT, endotracheal tube; FiO2, fraction of inspired oxygen; LMA, 
laryngeal mask airway; PCV, pressure controlled ventilation; PEEP, positive end-expiratory pressure; ROSE; rapid onsite evaluation; TBNA, 
transbronchial needle aspiration. 



5188 Kalchiem-Dekel et al. Endobronchial ultrasonography in the ICU

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(8):5183-5194 | http://dx.doi.org/10.21037/jtd-2019-ipicu-09

tool in establishing the diagnosis of metastatic malignancy 
in an otherwise undiagnosed ICU patient with mediastinal 
and hilar lymphadenopathy. This added diagnostic 
information can markedly enhance clinical care through 
clarifying appropriate choices towards curative or palliative 
treatment regimens. 

Conventional TBNA in critically ill patients

Until  the introduction of  cpEBUS, conventional 
bronchoscopic TBNA of mediastinal and hilar lesions was 
performed with guidance based on anatomical landmarks 
and pre-procedure CT imaging (50). This could be 
supplemented by inspection with a balloon-tipped rpEBUS 
probe (Figure 2), that can be introduced via the working 
channel of a conventional bronchoscope (51). There exists a 
dearth of literature describing performance of conventional 
TBNA in critically ill patients and the limited existing data 
supports the utility of cpEBUS in this setting. Ghamande 
et al. retrospectively described their experience performing 
22 bronchoscopic conventional TBNA procedures for 
mediastinal and hilar lymph nodes or masses in eight 
patients receiving mechanical ventilation in the ICU (52).  
The diagnostic yield was 62.5% and demonstrated 
malignant etiology in all positive cases. The authors 
reported no complications related to the procedure in all 
cases (52). In North America, the practice of conventional 
TBNA for mediastinal lymph node sampling has been 
largely abandoned in favor of cpEBUS-guided TBNA and 
is generally underutilized, as evidenced by recent training 
and practice surveys (53,54).

Transesophageal access to mediastinal 
structures

Endoscopic ultrasonography (EUS) can be performed via 
the esophagus and proximal stomach to visualize and guide 
fine needle aspiration (FNA) sampling of mediastinal lymph 
node stations 5, 6, 8 and 9, which are not accessible by 
cpEBUS (55), mediastinal stations 2L, 4L, and 7 (55,56), 
certain lung parenchymal lesions (57), the postero-inferior 
pericardium (58), and the left adrenal gland (59). This 
procedure can be performed with a cpEBUS bronchoscope 
or a dedicated EUS endoscope (60,61). In certain critically 
ill patients, this approach may be preferable since it does 
not necessitate obstruction of the artificial airway with 
the bronchoscope (62); however, similar to endobronchial 
sonography, the transesophageal approach requires expertise 

in trans-esophageal endoscopy, sonographic imaging, and 
FNA sampling of mediastinal structures.

Data regarding the performance of trans-esophageal 
endoscopy and lymph node sampling in critically ill patients 
is limited. Berzosa et al. retrospectively described a single 
center experience in performing 64 EUS procedures on 63 
ICU patients, 45 of which were mechanically ventilated. 
Procedures were performed by trained gastroenterologists 
using Pentax™ EG-3630U or FG-36UX endoscopes. The 
authors reported change in management in 97% of the 
cases. They additionally reported a 9% complication rate. 
All complications were transient and included transient 
hypoxia (n=4), nonsustained cardiac arrhythmias (n=1), and 
transient hypotension (n=1) (63). 

Bhaskar et al. describe four cases of trans-esophageal 
cpEBUS FNA of mediastinal lymph nodes performed on 
intubated patients, three of whom were critically ill. Among 
the critically ill patients, FNA revealed a suppurative 
infection in two cases and a malignancy in the third. ROSE 
was available in all cases. All results led to a change in 
management. No complications were reported in any of the 
cases (64). 

Convex-probe EBUS in the evaluation of 
mediastinal and hilar vasculature 

The current standard of evaluating abnormalities of 
the pulmonary circulation includes pulmonary arterial 
angiography, pulmonary artery-enhanced CT angiography 
(CTA), and in certain instances lung perfusion scintigraphy. 
Critically ill patients, however, are at times not suitable 
candidates for these studies due to clinical instability or 
contraindication to intravenous iodine-based contrast. The 
intimate association of the central pulmonary arteries with 
the trachea and the central airways, without lung tissue in 
the intermediary, allows them to be visualized with cpEBUS 
and even accessed via the transbronchial route. This can 
supplement data provided by more readily-available and less 
invasive modalities, such as transthoracic echocardiography.

Utilization of cpEBUS in incidental identification or 
confirmation of pulmonary embolism (PE) was described 
in several case reports (65,66). In an innovative pilot study, 
Aumiller et al. aimed to explore the feasibility of confirming 
a diagnosis of central PE with cpEBUS in 32 non-critically 
ill patients with central PE, established by CTA (67). Of a 
total 101 emboli identified on CTA, cpEBUS examination 
has detected 97 emboli, thus establishing a 96% detection 
rate. The authors note that the 4 undetectable emboli 
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were in peripheral locations that were unlikely to be easily 
visualized by cpEBUS examination. It should be noted, that 
bronchoscopists participating in this study were allowed to 
review the CTA images prior to each procedure. Based on 

the work published by Aumiller et al., Li et al. established a 
systematic map of the central pulmonary arteries (Figure 3)  
by performing cpEBUS bronchoscopy on 14 adults without 
known pulmonary endarterial disease (9). In both studies, 

Figure 3 Illustrated, endobronchial, and sonographic maps for EBUS pulmonary artery scanning. Numbers represent the scanning order 
and corresponding trapezoids show the orientation of the ultrasound probe. (A) Illustrated anatomic view demonstrating an anterior view of 
the central pulmonary arteries (violet) and veins (red); (B) illustrated anatomic view demonstrating a posterior view of the central pulmonary 
arteries (violet) without veins; (C) endobronchial roadmap and sonographic appearance of the left pulmonary artery by EBUS; and (D) 
endobronchial roadmap and sonographic appearance of the right pulmonary artery by EBUS [reproduced from (9) with permission from 
Journal of Thoracic Disease Editorial Office]. EBUS, endobronchial ultrasound; IBLPA, inferior branch of left pulmonary artery; LILB, left 
inferior lobar bronchus; LPA, left pulmonary artery; LSLB, left superior lobar bronchus; RILB, right inferior lobar bronchus; RMLB, right 
middle lobar bronchus; SBLPA, superior branch of left pulmonary artery; PT, pulmonary trunk; RPA, right pulmonary artery; IBRPA, 
inferior branch of right pulmonary artery; SRPV, superior right pulmonary vein.
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cpEBUS was performed by skilled bronchoscopists and 
on non-critically ill patients. To illustrate, the length of 
time required to evaluate the central pulmonary arteries 
by cpEBUS examination ranged between 1 and 5 minutes, 
across both studies (9,67). Although caution should be 
exercised when extrapolating these data to the ICU setting, 
it is reasonable to hypothesize that in carefully selected 
critically ill patients and at the hands of an experienced 
cpEBUS bronchoscopist, rapid evaluation of the pulmonary 
arteries for PE appears feasible.

In addition to visualizing the pulmonary vasculature, 
several case reports have established utility of diagnostic 
cpEBUS bronchoscopy in characterizing and sampling 
malignant pulmonary artery endovascular lesions, such as 
primary pulmonary artery (68,69) and vein (70) tumors 
and pulmonary arterial tumor emboli (71,72), as well as 
pulmonary artery involvement with benign diseases, such as 
echinococcosis (73).

Radial-probe EBUS 

Radial  EBUS miniaturized probes can be used to 
characterize airway wall anatomy and surrounding 
structures by providing a 360-degree sonographic image. 
These probes are advanced via the working channel of 
the bronchoscope and positioned endobronchially against 
the target airway wall, thus not necessitating a dedicated 
bronchoscope; however, they do not allow real-time 
guidance for sampling of target lesions. 

Critical airway stenosis due to extrinsic compression by 
rapidly-expanding mediastinal mass, endobronchial lesions, 
or benign stricture is an uncommon, but dreadful situation 
that may be encountered in the ICU (74). The Olympus™ 
20-MHz, 2.5-mm diameter probe can be introduced via a 
2.8-mm working channel of a bronchoscope and can be fitted 
with a water-inflatable balloon with a maximal diameter of 
18 mm to allow acquisition of high-resolution images of 
the central airway wall and surrounding tissues (Figure 2). 
As mentioned above, use of this modality for guidance of 
TBNA has largely been abandoned in favor of real-time 
guidance with cpEBUS and in addition, manufacturing of 
certain parts required for implementation this modality has 
been discontinued by Olympus™. 

Direct contact rpEBUS probes are available in an outer 
diameter of 1.7 to 2.5 mm and provide high-resolution 
images in the range of 12 to 30 MHz (Figure 2). A smaller-
diameter probe can hence be potentially advanced via 

the working channel of a pediatric-size bronchoscope. 
Although their use in the central airways is feasible, these 
probes are more helpful in identifying small peripheral lung 
lesions to guide sampling (2,3,75) and perhaps therapy (76). 
In their case series, Koh et al. utilized rpEBUS to guide 
sampling of peripheral lung consolidation in two critically 
ill patients, both of whom were ultimately diagnosed with 
lung adenocarcinoma. No procedure-related complications 
were reported (31). Nonetheless, the potential applications 
of direct contact-rpEBUS in mechanically ventilated, 
critically ill patients remain limited, and if pursued, should 
be performed by experienced providers. 

Conclusions

EBUS has revolutionized diagnostic bronchoscopy. 
Although conventionally used for evaluation and sampling 
of mediastinal and hilar lymph nodes, the application of 
EBUS bronchoscopy in critically ill patients can also be 
considered in a variety of other benign and malignant 
conditions, ranging from central airway obstruction to 
peripheral lung lesions. These applications, however, are 
limited by technical and human factors inherent to the 
EBUS procedure, including need for dedicated equipment, 
trained and experienced operators and support team, 
prolonged procedure time, and airway obstruction by the 
relatively bulky EBUS bronchoscope. Moreover, limited 
data to guide optimal patient selection and procedure 
performance limits extrapolation of currently available data 
to the general critically ill patient population. Nonetheless, 
the available literature is encouraging as it offers single-
center experiences of safe use of EBUS bronchoscopy 
that yielded changes in management. At the same time, 
these reports reinforce the importance of judicious patient 
selection and procedure performance by experienced 
personnel.
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