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BACKGROUND: Previous studies have demonstrated the safety of flexible bronchoscopy (FB) in
mechanically ventilated subjects. However, the safety of FB in adult subjects receiving extracor-
poreal membrane oxygenation (ECMO) has not been described previously. METHODS: A retro-
spective review was conducted of all adult subjects who underwent FB while receiving ECMO
support at the University of Alabama at Birmingham Hospital from January 1, 2013, to December
31, 2014. Physiologic variables, pre- and post-FB ECMO, and ventilator settings were recorded.
RESULTS: 79 adult subjects underwent FB receiving ECMO with a total of 223 bronchoscopies.
The most common indications for bronchoscopy included diagnostic evaluation of infection in
subjects with pneumonia (29%) and clearance of excessive secretions (22%). In 70% of subjects,
moderate or greater amounts of secretions were noted. FB yielded positive culture data in 37
subjects (47%), which resulted in a change to the antibiotic regimen in 14 subjects (38%) with
positive culture data. No significant differences in mean PaO2

/FIO2
, mean ECMO flow, mean sweep

gas, ventilator settings, or hemodynamic parameters (heart rate, oxygen saturation, and mean blood
pressure) were noted before and after FB. Complications were mild and transient: blood-tinged
secretions after FB in 21% cases, which resolved spontaneously, intraprocedural hypoxemia in
2.2% of cases, and dysrhythmia in <1% of cases. There were no episodes of ECMO cannula
dislodgement or inadvertent extubation. CONCLUSIONS: FB can be used safely in adult subjects
supported with ECMO and is not associated with significant hemodynamics changes, bleeding, or
mechanical complications during ECMO support. Key words: ECMO; bronchoscopy; ARDS; cardio-
respiratory failure; veno-venous ECMO; veno-arterial ECMO. [Respir Care 2016;61(5):646–651. © 2016
Daedalus Enterprises]

Introduction

In the past decade, there has been an increase in the
utilization of extracorporeal membrane oxygenation
(ECMO) to support critically ill patients with cardiopul-

monary failure.1,2 ECMO-supported patients often have
respiratory infections and increased airway secretions com-
plicating the course of their illness.3 To aid in the diagno-
sis of respiratory infections and facilitate secretion clear-
ance, flexible bronchoscopy (FB) has become a necessary
tool in modern critical care practice.4,5 Although FB is a
relatively safe procedure in most patients, it can be asso-
ciated with complications, such as worsening hypoxemia,
endotracheal tube (ETT) dislodgement, and airway trauma,
in critically ill subjects receiving mechanical ventilation.6-12

Additionally, FB may entail a greater risk of complications
in ECMO patients due to the use of systemic anticoagu-
lation and greater degree of illness in these patients.13,14

Previous studies have demonstrated the safety of FB in
subjects receiving mechanical ventilation.15,16 However,
its safety profile in adult patients supported with ECMO is
not well established.
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In this retrospective study, we present our experience
with FB in adult subjects supported with ECMO and an-
alyze its safety and utility in this cohort. We hypothesize
that FB is a safe and well-tolerated procedure for patients
receiving ECMO support.

Methods

Subject Population and Data Collection

We performed a retrospective review of all ECMO sub-
jects who underwent FB for any indication at the Univer-
sity of Alabama Hospital at Birmingham from January 1,
2013, to December 31, 2014. This project was reviewed
and approved by the University of Alabama Hospital at
Birmingham institutional review board for human research
(Protocol X140909006).

Subject Selection

A total of 141 subjects were supported with ECMO for
any indication during the period of interest. Of these, 79
subjects underwent a total of 223 FBs.

Outcome Measures

Variables collected before and after bronchoscopy in-
cluded demographics, FB indication, vital signs, ventilator
settings, ECMO settings, chest radiograph changes, and
complications. Vital signs and ventilator and ECMO set-
tings recorded immediately before and 2 h after the pro-
cedure were utilized for this study. Chest radiograph re-
ports as interpreted by attending radiologists before ECMO
and the first after FB were used for analysis.

ECMO Management

At our institution, an internal jugular double-lumen can-
nula is used for venovenous (VV) support, and a jugulo-
femoral route is preferred for venoarterial (VA) ECMO in
a majority of patients. Less commonly, a mixed configu-
ration (combination of the above) is utilized, according to
the patient’s condition and oxygen requirement. Antico-
agulation is managed per protocol17 and monitored using
anti-factor Xa and thromoboelastography. An anti-factor
Xa of 0.2–0.4 IU/ml and R time on thromoboelastography
of 2.5–3 times the control value are usually maintained.
No changes were made to anticoagulation before or after
FB. Either a supervised critical care trainee or the attend-
ing physician performed FB. In addition, a critical care
nurse, respiratory therapist, and perfusionist were also pres-
ent during the procedure.

Flexible Bronchoscopy

At our institution, FB is performed via the ETT, trache-
ostomy, or the oral route (in extubated patients) while the
patient is receiving ECMO support. The ventilator FIO2

is
transiently increased to 100% for the duration of the pro-
cedure and lowered back to baseline as tolerated after the
procedure. Bronchoalveolar lavage (BAL) is performed if
indicated. Both therapeutic (distal tip 5.9 mm, insertion
tube diameter of 6.0 mm, working channel of 3.0 mm) and
diagnostic bronchoscopes (distal tip 4.8 mm, insertion tube
diameter of 4.9 mm, working channel of 2.0 mm) are used
for FB in ECMO patients based on the clinical indications.
In patients receiving mechanical ventilation, usually an
ETT and tracheostomy tube size �8 mm in diameter is
preferred for performing FB. Before FB, patients are pre-
medicated with sedative agents, such as fentanyl, midazo-
lam, or propofol, as clinically determined by the physician.
Occasionally, in patients with recent lung transplants who
are receiving ECMO, sedation-free awake bronchoscopy
is performed. Lidocaine is atomized or nebulized via the
ETT/tracheostomy before scope insertion. Most FBs are
performed in the recumbent or semirecumbent position.
Mean duration of FB is usually 5–15 min, depending on
the indication of FB, need for BAL, and amount of secre-
tions present. Although the average time period for each
bronchoscope insertion is 60–90 s, this may be increased
to 2–5 min if BAL is being performed. Culture specimens

QUICK LOOK

Current knowledge

In the past decade, there has been an increased utiliza-
tion of ECMO to support patients with severe cardio-
respiratory failure. Flexible bronchoscopy has become
an important tool to diagnose respiratory infections and
manage airway secretions in these critically ill patients
receiving ECMO. Although the safety of flexible bron-
choscopy in mechanically ventilated patients has been
well described, its safety and utility have not been es-
tablished in adult patients supported with ECMO.

What this paper contributes to our knowledge

Flexible bronchoscopy is safe in adult subjects sup-
ported with ECMO. Flexible bronchoscopy is not
associated with significant hemodynamics changes,
bleeding, and/or mechanical complications during
ECMO support. Flexible bronchoscopy during ECMO
support facilitates pulmonary secretion clearance and
improves antibiotic selection in subjects with respi-
ratory infections.
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are obtained from bronchial washes, BAL (100 mL of
sterile saline is used in 4 sequential aliquots of 25 mL each)
or sometimes using a protected specimen brush. Although
most of our patients are supported with the pressure con-
trol continuous mandatory ventilation mode during ECMO
support, we have not found it to be superior (in terms of
reduced complication rates) compared with other modes of
ventilation during FB.

Statistical Analysis

We performed descriptive analyses of measured vari-
ables using proportions, means � SD, or medians with
interquartile ranges as appropriate. Changes in parameters
before and after FB were compared using an unpaired
2-way t test or Mann-Whitney test. A P value of �.05 was
considered significant. Statistical analyses were performed
with JMP 10.0 (SAS Institute, Cary, North Carolina).

Results

Baseline Characteristics

Of 141 patients supported with ECMO during the study
period, 79 underwent FB and were included in the analy-
sis. A total of 223 FB procedures were performed: 76 (34.1%)
of subjects underwentoneFB,48(21.4%)had2FBs,34(15.1%)
had 3 FBs, and 65 (29.4%) had �4 procedures. Indications
for ECMO support and use of FB are detailed in Table 1.
Clearance of excessive secretions and identification of
pathogens involved in pneumonia were the most common
indications for FB. Median age was 46 y (range 19–83 y).
A majority of subjects (59%) were male. Most subjects
(71%) were supported using VV ECMO, whereas 23%
were supported by VA ECMO and 6% by a mixed ECMO
configuration. A low tidal volume ventilation strategy was
preferred for all subjects. Pressure control continuous man-
datory ventilation was the ventilatory mode used in 70%
of subjects (Table 2). Whereas a majority of bronchosco-
pies (56%) were performed via the ETT, 42% were per-
formed via a tracheostomy, and 2% were performed via
the oral route. BAL was performed in 34% of the proce-
dures. Mean PaO2

/FIO2
ratio before ECMO initiation was

63 � 22.1. Qualitative bronchoscopy findings included no
secretions in 4%, mild secretions in 25%, and moderate or
greater secretions in 71%.

Bronchoscopy Outcomes

Mean pre-FB PaO2
/FIO2

for all subjects was 164 � 133.
The pre-FB PaO2

/FIO2
was significantly lower in subjects

supported with VV ECMO (149 � 109) as compared with
those supported with VA ECMO (200 � 156) and mixed
ECMO configurations (229 � 224), P � .009. Overall,

mean PaO2
/FIO2

did not change significantly after FB
(178 � 163, P � .35) (Table 3).

Mean pre-FB ECMO flow was similar for all ECMO
configurations. Overall, no significant change in ECMO
flow was noted before versus after FB. However, post-FB
ECMO flow was significantly higher in subjects with the
mixed configuration (4.3 � 0.83 L/min) group as com-
pared with the VA (3.74 � 0.96 L/min) and VV (3.8 � 0.6
L/min) ECMO groups (P � .009). Likewise, baseline

Table 1. Indications for Initiation of Extracorporeal Membrane
Oxygenation Support and Use of Flexible Bronchoscopy

Indications Percentage

For ECMO
Bacterial pneumonia 29
Influenza pneumonia 18
Cardiogenic shock 13
Combined bacterial and viral pneumonia 8
Respiratory failure not otherwise specified 6
Trauma 6
Bridge to transplantation 6
Postoperative complication 6
Other 3
Pulmonary embolus 5

For FB
Pneumonia 29
Abnormal chest radiograph 20
Excessive secretions 22
Atelectasis 7
Tracheostomy placement 6
Hemoptysis 5
Refractory hypoxemia 4
Diffuse parenchymal disease 4
Airway inspection 2
Dislodged endotracheal tube 1

ECMO � extracorporeal membrane oxygenation
FB � flexible bronchoscopy

Table 2. Mode of Ventilation Used During Extracorporeal
Membrane Oxygenation Support

Mode of Ventilation Percentage of Subjects

PC-CMV 70
VC-CMV 22
PSV 3
PC-IMV 3
VC-IMV 1

1% of subjects were extubated and off mechanical ventilation while on extracorporeal
membrane oxygenation support.
PC-CMV � pressure control continuous mandatory ventilation
VC-CMV � volume control continuous mandatory ventilation
PC-IMV � pressure control intermittent mandatory ventilation
VC-IMV � volume control intermittent mandatory ventilation
PSV � pressure support ventilation
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pre-FB sweep gas flow was higher in the mixed configu-
ration group (5.4 � 1.9 L/min) as compared with the VA
(2.8 � 1.6 L/min) and VV (4.1 � 1.9 L/min) (P � .001)
ECMO groups. Again, no significant differences were ob-
served between the pre- and post-FB sweep gas rates (see
Table 3). Ventilator changes before and after FB were also
evaluated. Overall, no significant differences in mean FIO2

(0.68 � 0.23 vs 0.64 � 0.22, P � .09), PEEP
(9.5 � 3.1 cm H2O vs 9.4 � 4.16 cm H2O, P � .53), and
peak airway pressures (33.2 � 7.65 cm H2O vs
32.3 � 7.65 cm H2O, P � .25) were noted before and
after the FB. Additionally, no significant variations were
observed in the pre- and post-FB vital signs, including
mean blood pressure, heart rate, and oxygen saturation
(see Table 3). These results did not differ when compared
by the type of ECMO configuration. FB (BAL and bron-
chial washings) yielded positive culture data (yeast was
excluded) in 37 subjects (47%), which resulted in a change
to the antibiotic regimen in 14 subjects (38%) with posi-
tive culture data (Table 4).

Complications

Chest radiographs before and after the procedures were
compared: 63.2% remained unchanged, 22.2% showed im-

provement in opacities, and 14.6% showed worsening of
opacities. In addition, 4 cases of new pneumothorax and 5
cases of worsening of existing pneumothorax were noticed
on the radiograph following the procedure. Of the 4 new
cases of pneumothorax, one occurred after internal jugular
double-lumen cannula placement that preceded the FB, 2
were after FB-guided percutaneous tracheostomy, and one
was after thoracentesis before FB. In these cases, the chest
radiographs were performed after FB; it is unclear whether
pneumothorax was precipitated by FB or due to the pre-
ceding procedures. Given that the risk of pneumothorax
associated with percutaneous tracheostomy (0.5–12.5%),18

thoracentesis(4.6–7.8%),19 and internal jugular double-lu-
men cannula placement (5–19%)20 is higher than the risk
with FB without a trans-bronchial biopsy (�1%),21 it is
possible that the pneumothorax was not a consequence of
FB. The presence of preexisting pneumothorax before FB
was known in 7 cases. Of these, 5 cases had worsening of
existing pneumothorax, and 3 occurred in subjects who
underwent BAL. All subjects with known pneumothorax
before FB had preexisting small (8.5 French) or medium
bore (14 French) chest tube catheters in place before FB.
The intraprocedural adverse event rate was low; 96% of
the FBs had no immediate procedural complication. Five
subjects had hypoxia during the procedure. Of these, per-
sistent hypoxia (oxygen desaturation to 60% on pulse oxi-
metry) occurred in one case, requiring abortion of the
procedure. Two subjects had moderate hypoxia (70 and
74%, respectively, on pulse oximetry), and another 2 had
mild hypoxia (82 and 86%, respectively, on pulse oxime-
try). All of these 4 episodes of hypoxia improved with
transient withdrawal of the bronchoscope. Whereas 2 sub-
jects had transient arrhythmias (one bradycardia and one
atrial fibrillation), another 2 had reduction in ECMO blood
flow due to excessive coughing during the procedure. All
of the above events resolved immediately after withdrawal
of the bronchoscope. Blood-tinged secretions were noted

Table 3. Bronchoscopy Outcomes on Extracorporeal Membrane
Oxygenation Support

Pre-FB 2 h Post-FB P

Mean PaO2
/FIO2

Overall 164 � 133 178 � 163 .35
VV subjects 149 � 109 156 � 118 .54
VA subjects 200 � 156 203 � 168 .93
Mixed configuration subjects 229 � 224 317 � 343 .36

Mean ECMO flow, L/min
Overall 3.85 � 0.69 3.86 � 0.70 .97
VV subjects 3.84 � 0.60 3.83 � 0.60 .93
VA subjects 3.86 � 0.90 3.74 � 0.96 .58
Mixed configuration subjects 3.99 � 0.89 4.3 � 0.83 .24

Mean ECMO sweep gas flow, L/min
Overall 4.01 � 2 4.0 � 2.05 .97
VV subjects 4.13 � 1.97 4.11 � 2.01 .92
VA subjects 2.84 � 1.62 2.87 � 1.59 .94
Mixed configuration subjects 5.4 � 1.99 5.4 � 2.2 .94

Mean ventilator FIO2
0.68 � 0.23 0.64 � 0.22 .09

Mean PEEP, cm H2O 9.5 � 3.1 9.4 � 4.16 .53
Mean peak pressure, cm H2O 33.2 � 7.65 32.3 � 7.65 .25
Mean arterial pressure, mm Hg 84 � 13 82 � 11 .14
Mean heart rate, beats/min 97 � 19 96 � 20 .81
Mean oxygen saturation, % 95 � 5 99 � 6 .29

Data are reported as means � SD.
FB � flexible bronchoscopy
VV � venovenous extracorporeal membrane oxygenation
VA � venoarterial extracorporeal membrane oxygenation
ECMO � extracorporeal membrane oxygenation

Table 4. Flexible Bronchoscopy Culture Data

Pathogen Percentage

Pseudomonas 24
Enterobacter 12
Klebsiella 12
Serratia 10
Methicillin-resistant Staphylococcus aureus 10
Acinetobacter 7
Aspergillus 7
Influenza A 5
Streptococcus pneumoniae 2
� hemolytic streptococci 2
Vancomycin-resistant enterococcus 2
Achromobacter 2
Methicillin-sensitive S. aureus 2
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in 21% of the FBs. Moderate bleeding requiring cold sa-
line instillation occurred in one FB, and minor bleeding
requiring no intervention occurred in 4 procedures.

ECMO Outcomes

The overall ICU survival in our cohort of ECMO sub-
jects who underwent FB was 75%. Subjects supported
with mixed ECMO configuration (100%) had a higher
ICU survival than those with VV (73%) and VA (72%)
(Table 5). Overall ICU survival for all ECMO subjects at
our institution for the study period was 70%.

Discussion

Fiberoptic bronchoscopy has become an indispensable
tool for both diagnostic evaluation and therapeutic inter-
vention in modern day critical care practice.22 In most
patients, it is a relatively low-risk procedure, and previous
studies have demonstrated its safety.15,23 However, there
are no studies validating the safety of FB in adult patients
receiving ECMO. Data from the Extracorporeal Life Sup-
port Organization1 suggest that the risk of spontaneous
pulmonary hemorrhage in subjects receiving ECMO is 8.1%
and may increase to 19% in subjects undergoing a proce-
dure. Additionally, dislodgement of the ECMO cannula
and/or loss of ECMO flow during coughing spells with FB
may also occur.24

Our study confirms that FB can be safely used in adults
supported with ECMO for cardiorespiratory failure. We
found that FB in subjects supported with ECMO was not
associated with significant worsening of hemodynamic pa-
rameters or escalation of ventilator or ECMO support.
None of the subjects had a major complication involving
the ECMO circuit (ie, cannula dislodgement). Although
21% of the subjects had bloody secretions after FB, this
was self-limited and resolved without any intervention.
The majority of chest radiographs remained unchanged
after the procedure, although improvement in imaging was
observed among subjects who had mucous plugging or

copious secretions. As expected, worsening of imaging
was observed in subjects who underwent BAL. Previous
studies have shown that the prognosis of subjects with
respiratory failure due to infections depends on the prompt
identification of the causative organisms.25,26 In our co-
hort, FB resulted in positive culture data in 47% of
subjects, and a subsequent change in antibiotic therapy
occurred in 38% of subjects with positive culture data.
This is in line with the FB culture yield of 35–71%
reported in studies conducted in critically ill subjects
not receiving ECMO.8,27-30

Our literature search did not yield any studies evaluat-
ing the safety of bronchoscopy in adult ECMO patients.
However, our results were comparable with those of 3
studies describing the safety of FB in pediatric ECMO
subjects. In 1993, Karlson et al31 reported no bleeding
complications after FB in 14 pediatric subjects receiving
ECMO undergoing FB. In their cohort, 14% of subjects
had worsening of static lung compliance assessed on me-
chanical ventilation, and 20% had radiographic worsening
after FB. Although we did not notice significant worsening
of static lung compliance, 14.6% of the post-FB chest
radiographs worsened. Similarly, in a retrospective study
of 79 pediatric subjects receiving ECMO, Kamat et al32

showed that FB was associated with low incidence of com-
plications. As in our study, 30% of the ECMO subjects in
their cohort also had blood-tinged secretions, although none
had any mild to moderate bleeding episodes. Also, no new
pneumothorax was reported in their study. The differences
in bleeding between the studies may be related to the
populations (adult vs pediatric) studied or the level of
anticoagulation used. More recently, Prentice and Mas-
tropietro33 demonstrated the safety of FB in pediatric sub-
jects receiving ECMO for cardiac failure. Although their
sample size was relatively small, no major bleeding was
reported after FB in their cohort. Likewise, FB outcomes
and/or complication rates were similar between subjects
supported with VA or VV ECMO in our cohort.

Our study is not without limitations. Although our re-
sults are based on objective parameters, it is unclear whether
any improvement or worsening of radiographic findings
after FB is a result of the procedure or rather the under-
lying disease process. Additionally, given the retrospec-
tive nature of the study, results may be biased by docu-
mentation or collection errors.

Conclusions

We conclude that FB can be safely performed in adult
patients supported with ECMO. FB is not associated with
significant hemodynamics changes, bleeding, and/or me-
chanical complications during ECMO support. Addition-
ally, FB may improve clinical care by facilitating pulmo-
nary secretion clearance and by possibly increasing

Table 5. Extracorporeal Membrane Oxygenation Outcomes

ICU Survival in Subjects
Receiving ECMO Who

Underwent FB (%)

ICU Survival in Subjects
on ECMO Who Did Not

Undergo FB (%)

Overall 75 65
VV subjects 73 76
VA subjects 72 60
Mixed configuration 100 67

ECMO � extracorporeal membrane oxygenation
FB � flexible bronchoscopy
VV � venovenous extracorporeal membrane oxygenation
VA � venoarterial extracorporeal membrane oxygenation
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diagnostic yield and improving antibiotic selection in pa-
tients with respiratory infections.
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