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Summary

Bronchoscopy and noninvasive mechanical venti-
lation (NIMV) are largely applied in respiratory and
general intensive care units. Bronchoscopy plays
a crucial role for the diagnosis of lung infiltrates of
unknown origin and the treatment of bronchial
mucous plugging, massive haemoptysis and air-
ways obstruction of different etiologies in critical
patients. NIMV is the first-choice ventilatory strat-
egy for acute respiratory failure (ARF) of different
causes as it could be used as prevention or as al-
ternative to conventional mechanical ventilation
(CMV) via endotracheal intubation (ETI). Some
scenarios represent contraindications for these
techniques, like severe hypoxemia for bron-
choscopy and accumulated tracheo-bronchial se-
cretions for NIMV. In these contexts, ETI is not
risk-free. In this Chapter, the rationale, the clinical
indications, the scientific evidence, the practical
issues and the risks for the synergistic use of
bronchoscopy during NIMV are reported.

KEY WORDS: noninvasive ventilation, bronchoscopy,
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Introduction

Among the procedures that are routinely used in both
general (ICU) and respiratory intensive care unit
(RICU), bronchoscopy and noninvasive mechanical
ventilation (NIMV) constitutes a “must” for the clini-
cians who have to face challenging scenarios in criti-
cally ill patients. Bronchoscopy is a fundamental tech-
nique for the management of respiratory diseases in
the acute setting (1, 2). In fact, it's not a mere coinci-
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dence that the first application of bronchoscopy, which
dates back to the end of nineteen century, was due for
an emergent removal of an inhaled foreign body in a
subject with a life-threatening respiratory distress (3,
4). Bronchoscopy provides the visualization of the up-
per airway and initial divisions of the tracheobronchial
tree and allows for samples to be taken from the tra-
chea, bronchi, mediastinum and lung parenchyma.
Bronchoscopy could be performed both with flexible
and rigid instruments. Flexible bronchoscopy (FBO) is
widely used both in and out the ICU/RICU setting
thanks to its numerous advantages: less invasivity,
larger exploration of bronchial tree, shorter learning
curve in the training (1, 2, 5). As a matter of fact, FBO
represents a well-defined step in the diagnostic flow-
chart of severe community-acquired (6) and hospital-
acquired pneumonia (7), as well as acute interstitial
lung diseases (8).This is also due to the wide range of
its ancillary diagnostic procedures, such as broncho-
alveolar lavage (BAL), protected specimen brush
(PSB), trans-bronchial need aspiration (TBNA), trans-
bronchial lung biopsy (TBLB) and endobronchial ultra-
sound (1). Even if of less large application rigid bron-
choscopy (RB) keeps a crucial role in performing in-
terventional procedures (laser, argo-plasma, stent po-
sition) in critical patients with tracheal and/or main
bronchial stenosis, massive haemoptysis and inhaled
foreign body especially in pediatric patients (3, 4).
NIMV is the oldest technique reported in the literature
to deliver artificial ventilation without the need of an
artificial airway (i.e. endotracheal tube or tracheosto-
my cannula). NIMV includes negative and positive
pressure ventilatory techniques which have been
shown to achieve the “goals of mechanical ventilation”
(i.e. unload respiratory muscles, improve pulmonary
gas exchange, increase alveolar ventilation) without
the risk of CMV-correlated complications (9).
Negative pressure NIMV (npNIMV) such as the venti-
lation via “iron lung”, supports ventilation by exposing
the surface of the chest wall to subatmospheric pres-
sure during inspiration; whereas, expiration occurs
when the pressure around the chest wall increases
and either becomes atmospheric or remained at neg-
ative values lower than those set in inspiration (10). In
the opposite, positive pressure NIMV (ppNIMV), which
is administered by means of noninvasive interfaces
(i.e. oronasal and total face mask, nasal mask and pil-
lows, helmet, mouthpiece), supports the patient’s
breathing by increasing the inspiratory pressure over
the atmospheric level then allowing passive exhala-
tion, either to atmospheric pressure or to a pre-set
end-expiratory positive pressure (PEEP) (11).
Because of the tremendous technologic improvement
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of ventilators (12) and interfaces (13), positive-pres-
sure ppNIMV has became the first-line ventilatory
treatment in different patterns of ARF (i.e. acidotic
chronic obstructive pulmonary disease [COPD] exac-
erbations, cardiogenic pulmonary edema, immuno-
soppressed conditions) because, compared to stan-
dard medical therapy, it reduces the rate of ETI and its
complication, as well as the mortality and length of
stay in hospital (9). Conversely, nowadays npNIMV,
mainly delivered by “iron lung”, is performed only by
few expert centers to manage selected patients (i.e.
COPD exacerbations non-respondent to ppNIMV, res-
piratory distress syndrome and weaning difficulty es-
pecially in paediatric patients) (10).

In this Chapter, the rationale, the clinical indications,
the scientific evidence, the practical issues and the
risks for the synergistic use of bronchoscopy during
NIMV are reported.

Pitfalls of bronchoscopy and noninvasive ventila-
tion

Despite its large application in ICU/RICU, bron-
choscopy can be challenging and risky in non-intubat-
ed patients with ARF. This is the case of diagnostic
FBO in subjects admitted in ICU/RICU for severe hy-
poxemia due to lung infiltrates of unknown origin. Per-
forming bronchoscopy in critically ill patients presents
potential complications that can be related with proce-

dure itself, patient-related factors and of broncho-
scopist’s experience. In this context, the crucial point
is the cardio-pulmonary patho-physiologic impact of
FBO that has been well investigated since long time
ago (14,15) (Figure 1).

First of all, the bronchoscope occupies 10-15% of the
normal tracheal lumen, causing an increase in resist-
ance of the airway and a drop in tidal volume with the
augmentation of work of breathing. Consequently, the
patient develop a rapid-shallow breathing pattern with
a risk of impending respiratory muscle fatigue, wors-
ening of gas exchange and need of mechanical venti-
lation. Due to the incomplete expiratory lung empty-
ing, FBO could facilitate “air trapping” with a genera-
tion of intrinsic PEEP, which is particularly deleterious
in COPD (1, 2, 4, 14, 15).

Hypoxemia occurs with insertion of the bronchoscope
into the trachea and becomes worse when BAL is per-
formed as consequence of ventilation-perfusion (V/Q)
mismatch (14, 15). The application of suction through
the bronchoscope channel lowers airway pressure at
the end of expiration, facilitating early alveolar closure
and hypoxemia. As a matter of fact, FOB induces ar-
terial oxygen pressure (PaO2) to decrease between
10 and 20 mmHg (1, 2, 15, 16). The use of analgo-se-
dation during FBO to reduce patient’s discomfort may
worsen gas exchange furthermore through drug-in-
duced hypoventilation (17). These pulmonary changes
persist after the procedure is completed, and the time
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Figure 1 - Patho-physiologic effects of bronchoscopy on respiratory system.
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Table 1 - Advantages and disadvantages of bronchoscopy and noninvasive ventilation.

BRONCHOSCOPY NONINVASIVE VENTILATION

Advantages

-Diagnosis in suspected pneumonia
-Diagnosis in diffuse lung diseases
-Clearing of mucous from airway
-Treatment of airways obstruction

-Improving gas exchange
-Reduced work of breathing
-Reduced heart work-load
-Avoidance of ETI and CMV

Disadvantages

-Increased airway's resistance
-Increased work of breathing
-Worsening of gas exchange

-Failure in case of burden of secretion

-Increased heart work-load

that the gas exchange takes to normalize ranges from
15 min in normal subjects to several hours in patients
with lung disease (14, 15). All this justifies the use of
supplemental O2 in patients at risk for oxygen desat-
uration undergoing FBO (18). Furthermore, bleeding
and pneumothorax complicating bioptic procedures
may precipitate suddenly life-threatening deterioration
of blood gases (1, 2).

FOB-induced sympathetic stimulation and hypoxemia
could lead to an increase in heart rate and cardiac
output with augmented heart’s oxygen consumption.
Decreased intra-thoracic pressure caused by the aug-
mented respiratory muscle efforts (i.e. deeper nega-
tive trans-diaphragmatic swings during inspiration)
produce an increase in both right ventricular pre-load
and left ventricular after-load. Consequently, FBO
may trigger cardiac arrhythmias in 11-40% of the cas-
es, and, less frequently, cardiogenic pulmonary ede-
ma and acute coronary syndrome, especially in pa-
tients with pre-existent heart diseases (19, 20).

The findings of the clinical studies which have evalu-
ated the need of ETI as a consequence of cardio-pul-
monary deterioration in severely hypoxemic patients
undergoing diagnostic FBO are contrasting (16). It
was reported that BAL performed in ICU did not signif-
icantly increase ETI requirements in critically ill cancer
patients with ARF, compared with noninvasive diag-
nostic tests used for identifying the cause of ARF (21).
In a large French prospective study evaluating the
safety of FBO on 169 non-intubated hypoxemic pa-
tients (PaO2/Fi0O2<300 mmHg), 1/3 of the broncho-
scopic procedures were complicated by an increase in
ventilatory support: NIMV for oxygen-supported pa-
tients and CMV for non-invasively ventilated patients.
ETI was required in 15% of the procedures overall but
this complication occurred 2 hours after FBO in only
4% of the cases (22). However, American Thoracic
Society recommended avoiding FBO and BAL in pa-
tients with hypoxemia that cannot be corrected to at
least a PaO2 of 75 mm Hg or to an oxygen saturation
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(Sp02) of = 90% with supplemental oxygen (1, 23). In
these higher risk patients, when noninvasive diagnos-
tic tests are not conclusive, avoiding FBO means be-
ing compelled to use empirical treatment. As a conse-
quence, when bronchoscopy is mandatory, only CMV
can assure adequate ventilation during the maneuver.
Unfortunately, as previously underlined, CMV is not
free of risks as it exposes these fragile patients to
complications related to ETI, baro- or volutrauma, loss
of airway defense mechanisms, and difficulties in
weaning after the extubation (24, 25).
Cardio-pulmonary patho-physiologic changes ob-
served during FBO are more exaggerated during in-
tervention procedures performed with RB especially
because of greater degree of airway obstruction
caused by the bronchoscope, prolonged suctioning,
low inspiratory fraction of O2 (FiO2) (to prevent laser
combustion), and respiratory depression resulting
from deep analgo-sedation (3, 4, 26, 27).

Despite its increasing clinical application in critical
respiratory patients, the failure rate of ppNIMV failure
varies between 5 and 60%, depending on numerous
factors, including the etiology of ARF, excessive se-
cretions, hypercapnic encephalopathy (HE), agitation,
patient-ventilator asynchrony, sleep disturbances (9,
24, 28). Unsuccessful ppNIMV was found to be inde-
pendently associated with death, especially in patients
with de novo hypoxemic ARF (29). Among all, weak
cough reflex with an excessive burden of secretions is
one of the most important cause of immediate (>1
hour) ppNIMV failure (28). This is due to the noninva-
sive interfaces which do not allow a direct access into
the airways (Table 1). A rate of ppNPPV failure of 61%
was reported in 23 ARF patients showing copious se-
cretions (30). Moreover, in two series of COPD exac-
erbations with moderate-severe HE (31, 32) the ineffi-
cient clearance of secretions caused 33 and 43% of
all ppNIMV failures, respectively. Conti et al. (33)
showed that in 2 of the 9 COPD patients who required
ETI within 2-6 hours of ventilation, ppNIMV failed for
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the difficult management of copious secretions.

Rationale for the combined use of NIMV and FBO

In presence of the above reported limitations for the
use of bronchoscopy (diagnostic and therapeutic pro-
cedures in severe ARF) and

/ Noninvasive ventila- \ PPNIMV' (noninvasive sup-

tion may help perfor- | Portin case of accumulated
ming a safe broncho- | Secretions and depressed
scopy in patients | cough) in critical respiratory
with acute respira- patients, ETl seems to be
tory failure; but also | the last viable strategic re-
FBO may increase | sort. However, clinicians
the chance of suc- | should carefully consider
cess in patients at | the risk of CMV-correlated
\_risk of NIMV failure. / complications which is par-
ticularly high in fragile pa-
tients (i.e. advanced age and multiple comorbidities,
immunocompromised status, underlying lung dis-
eases with poor prognosis such as idiopathic pul-
monary fibrosis and malignancies) (1, 2, 9, 24, 25,
34). Ethical issues (e.g. “do-not intubate” and “do-not
resuscitate” status) and economic aspects (e.g. limit-
ed beds in ICU/RICU) make more challenging the de-
cision of submitting high-risk ARF patients with uncer-
tain prognosis to an “escalating” therapeutic strategy
involving invasive procedures (e.g. ETI plus CMV, re-
nal replacement therapy, aggressive hemodynamic
support) (35). Are there alternative strategies to ETI
for the safe and effective use of bronchoscopy and
NIMV when the two techniques raise worrying con-
cerns?
There is a strong patho-physiologic rationale in com-
bining bronchoscopy and NIMV for the management
of respiratory critical patients because the limitations
of one of the two techniques may be counterbalanced
by the properties of the other one. In other words,
NIMV may be of “help” to perform a safe broncho-
scopy in ARF patients; on the other hand, FBO may
increase the chance of success in patients at risk of
ppNIMV failure (25, 34).
NIMV, both if delivered with positive or negative pres-
sure techniques, is able to prevent and correct the
cardiopulmonary alterations induced by bronchoscopy
throughout three mechanisms: 1) compensation of the
bronchoscope-correlated extra resistive work of
breathing by means of the unload of respiratory mus-
cles leading to a more favorable breathing pattern and
diaphragmatic load-force relationship; 2) improvement
of pulmonary gas exchange due to a better V/Q ratio
and the correction of hypoventilation; 3) counterbal-
ance of the increased heart work-load by means of a
marked relief of respiratory muscle efforts with a re-
duced negative inspiratory intra-thoracic pressure.
Moreover, keeping the patient on NIMV after bron-
choscopy may prevent the risk of derangement of lung
function which could last several hours after the pro-
cedure (25).
Thanks to the possibility of clearing the airways in the
early phases of ppNIMV, FBO may improve ventilation
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and, therefore, reduce the need for ETI in patients
with an unfavourable balance between an excessive
burden of secretions and an inefficient spontaneous
clearance after the failure of chest physiotherapeutic
techniques (25).

Three different acute scenarios of synergistic interac-
tion between FBO and ppNIMV may be depicted in
ICU/RICU: 1) patients on O2-therapy who undergo di-
agnostic FBO under ppNIMV assistance (prevention
of a ventilatory support in spontaneously breathing
patients); 2) patients already on ppNIMV who undergo
diagnostic FBO under ventilation (prevention of CMV
in ppNIMV supported patients); 3) patients requiring
ETI for an excessive burden of bronchial secretions
who undergo early therapeutic and diagnostic FBO
during ppNIMV (alternative to mandatory CMV in ppN-
IMV plus FBO supported patients) or patients requir-
ing CMV through RB who undergo interventional pro-
cedures with the support of npNIMV (alternative to
mandatory CMV during RB in npNIMV supported pa-
tients) (Figure 2).

Clinical evidence of NIMV-bronchoscopy synergy

The majority of the published
studies has used ppNIMV to
prevent respiratory deterio-
ration and ETI in sponta-
neously breathing hypox-
emic patients undergoing
FBO who do not still re-
quired the criteria for start-
ing ppNIMV (16, 25) (Table
2). Antonelli et al. (36) were
the first to perform ppNIMV-

assisted FBO with BAL in 8 immunocompromised se-
verely hypoxemic patients (PaO2/FiO2<100 mm Hg)
admitted in ICU for suspected pneumonia. The use of
ppNIMV was associated with significant improve-
ments in PaO2/FiO2 and SpO2 during bronchoscopy.
FBO with NPPV was well tolerated, and no patient re-
quired ETI. Two patients died 5 to 7 days after FBO
from unrelated complications of the underlying iliness.
A causative pathogen was identified by BAL in all pa-
tients and 6 of them responded to treatment and sur-
vived hospital admission. In a subsequent study, Da
Conceicao et al. (37) investigated the feasibility of pp-
NIMV-assisted FBO in a 10 COPD patients with hy-
poxemic-hypercapnic ARF (Pa0O2=53+/-13 mmHg;
PaC02=67+/-11 mmHg) admitted to ICU for pneumo-
nia. SpO2 increased from 91+4.7% at baseline to
97+1.7% during FBO under ppNIMV, while blood gas-
es did not change during the hour following FBO. The
procedure was performed without complications and
was well tolerated in 8 patients. No patient required
ETI within 24 hours and all patients survived. In the
first randomized controlled trial (RCT) conducted on
30 patients with PaO02<125 mmHg under high-flow
0O2-mask (i.e. 10 I/min) requiring diagnostic FBO for
suspected pneumonia, Maitre et al. (38) showed sig-
nificantly higher SpO2 values during FBO and 30 min-

All studies showed
that NIMV is able to
ensure adequate gas
exchange during

FBO in sponta-
neously breathing
hypoxemic patients,
thus avoiding ETI.
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Figure 2 - Potential scenarios for synergistic application of bronchoscopy and noninvasive ventilation according to the sever-
ity of acute respiratory failure, the baseline support of the patients and the purposes of bronchoscopy.

Table 2 - Studies on the combined use of FBO and ppNIMV in acute respiratory failure.

Author, year Study n.pts ARF Pattern Support pre-FBO  Indication FEQ  FBO procedure ETI (%)
Antonelli, 1996 Prospective NIMY: & Hypoxemic Oxygen Diagnostic BAL MMV 0
Da Conceica Prospective MY 10 Hypox-Hypercap  Oxygen Diagnostic BAL MMV 0
Maitre, 2000 RCT CPAP: 15 Hypoxemic Oygen Diagnostic BAL. br. biopsy CPAP: 6T
02:15 02: 46,7
Antenelli, 2002 RCT MY 13 Hypoxemic Cnoygen Diagnostic BAL MMV T, 7
02:13 02:154
Criner, 2010 Prospective MY 35 Hypoxemic Onoygen Diagnostic BW, PSB BAL, 0
Therapeutic br. biopsy
Heunks, 2010 Prospective MY 12 Hypoxemic Ongygen Diagnostic BAL MIMY: 83
Scala, 2010 Case-contro MY 15 Hypox-Hypercap  MIMW Diagnostic BAL MMV 20
CMV: 15 Therapeutic
Baumann, 2011 Prospective MY 40 Hypoxemic MW Diagnostic BAL NIMY 10
Clouzeau, 2011 Prospective MY 23 Hypoxemic MW Diagnostic BAL MNIMV: 17 4
Agarwall, 2012 Prospective NMY: & Hypoxemic Oxygen Diagnostic BAL, TELE MNIMV: 1,7
utes thereafter with CPAP, compared to oxygen-thera- in the CPAP-group) required ventilatory assistance (1
py, using a new device open to the atmosphere (i.e. ppNIMV and 4 CMV) within 6 hours following the pro-
CPAP-Boussignac). Not only did the patients in the cedure (p=0.003). Etiology of lung infiltrates was de-
oxygen-group develop hypoxemia during FBO, but al- termined in 18 patients: pneumonia with identification
so 5 patients in the oxygen-group (compared to none of the infectious agent (n.14), carcinomatous lym-
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phangitis (n.2; one by BAL and one by bronchial biop-
sy), fat embolism and drug-induced hypersensitivity
pneumonia (n.2). Subsequently, in another RCT in-
volving 26 patients with nosocomial pneumonia and
PaO2/FiO2< 200 mmHg, Antonelli et al. (39) evaluat-
ed the effectiveness and the safety of ppNIMV versus
conventional oxygen-therapy before, during and after
FBO. Application of ppNIMV was associated with in-
crease in PaO2/FiO2 by 82%, in contrast to decline in
PaO2/FiO2 by 10% in the oxygen-group during FBO.
Furthermore, in the ppNIMV group the PaO2/FiO2 re-
mained higher, the heart rate was lower, and no re-
duction in mean arterial pressure in comparison to a
15% decrease from the baseline in the oxygen-group
60 min after FBO. Causative microbiologic pathogen
was identified with BAL in 18 cases. One patient in the
ppNIMV group and two patients in the oxygen-group
required non-emergent ETI. Four patients in the
ppNIMV group and seven patients in the oxygen-
group died from complications of their underlying dis-
ease 5 to 7 days after study entry. The same group
(40) also found the helmet for delivering NIMV to be
safe in avoiding gas exchange deterioration in 4 hy-
poxemic patients. Chiner et al. (41) evaluated nasal
mask for delivering ppNIMV while the FBO was per-
formed orally using a bite block sealed with an elastic
glove finger in 35 patients with a mean PaO2/FiO2 of
168 mmHg. A total of 35 bronchoaspirates, 21 PSB, 11
BAL and 8 bronchial biopsies were done. In contrast
to other studies, patients developed hypoxemia during
the procedure (mean SpO2 86%) probably for exces-
sive mouth-air leaks during nasal-NIMV. The clinical
course was favorable in 66%; there was a relatively
high rate of CMV (11% of the cases occurring 5+4
days after FBO) and in-hospital mortality (33% of the
cases occurring 3+2 days after FBO), mainly corre-
lated to the underlying disease. Heunks et al. (42) re-
ported the use of total-face mask for delivering NIMV
during diagnostic FBO in 12 hypoxemic patients
(mean PaO2/Fi02=192+23 mmHg). The procedure
was successful in all patients; in only one patient
SpO2 decreased to 86% during FBO. Microbiological
diagnosis was established in 8 patients.

All the reported studies have shown that ppNIMV is
able to ensure adequate gas exchange during FBO in
spontaneously breathing hypoxemic patients, thus
avoiding ETI.

There is only one study who evaluated the use of FBO
in patients with hypoxemic ARF requiring ppNIMV be-
fore the procedure. Baumann et al. (43) analyzed 40
hypoxemic patients under ppNIMV (mean PaO2/
FiO2=176+54 mmHg) who underwent FOB for sus-
pected pneumonia. FBO was successfully performed
without complications. BAL yielded diagnostic infor-
mation in 68% of the patients. PaO2/FiO2 ratio im-
proved from at the end of FBO after 120 minutes. Four
patients (10%) required ETI during the first 8 hours af-
ter the procedure. Further controlled trials are needed
to confirm the advantage of NIMV vs CMV to support
FBO in this clinical scenario.

Agarwal et al. (44) recently published a pilot experi-
ence of ppNIMV-assisted FBO for performing BAL and
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TBLB in 6 severely hypoxemic patients (PaO2/
FiO2<200 mmHg) with diffuse interstitial lung dis-
eases. There was significant improvement in respira-
tory rate and PaO2/FiO2, and significant decline in
heart rate after application of ppNIMV. FBO was well
tolerated and all subjects maintained SpO2>92% dur-
ing the procedure. One subject required ETI due to
haemoptysis. There was no evidence of pneumotho-
rax in any subject. A definite diagnosis was obtained
in 5 patients (n.2 malignancy, n.1 lymphoma, n.1 sar-
coidosis, n.1 pneumocystis pneumonia) only with
TBLB, which enabled their successful management.
Even if ppNIMV-assisted TBLB is feasible in patients
with ARF and diffuse pulmonary infiltrates, this ap-
proach should be performed only in centers showing
wide experience with both ppNIMV and FBO, as well
as with the management of TBLB complications (i.e.
pulmonary hemorrhage and pneumothorax). More
studies are required to define the balance between
utility and risks of NIMV-assisted TBLB in ARF pa-
tients.

The last scenario of a synergistic use of the two tech-
niques deals with the feasibility and effectiveness of
FBO as early therapeutic tool to avoid ppNIMV failure
in ARF patients with an excessive burden of secre-
tions (45). In a matched case-control study, Scala et
al. (46) compared 15 acutely decompensated COPD
patients with copious secretion retention and HE due
to community-acquired pneumonia undergoing early
FBO plus BAL during ppNIMV in an expert RICU with
15 controls receiving CMV in the ICU. Two hours of
ppNIMV plus FBO significantly improved gas ex-
change, sensorium and cough efficiency without major
complications (cardiovascular events, emergent ETI,
pneumothorax). Improvement in PaCO2 and pH, as
well as hospital mortality, and durations of hospitalisa-
tion and ventilation were similar in both groups.
ppNIMV significantly reduced serious infectious com-
plications compared with CMV, as well as the need for
tracheostomy. Even if this ppNIMV strategy may be a
successful alternative to CMV in selected COPD pa-
tients within expert units, larger RCTs are necessary
to confirm this result and, therefore, to test the effica-
cy of the FBO-ppNIMV protocol applied to an earlier
time-course of COPD decompensations when ETI is
not mandatory by comparing ppNIMV alone vs
ppNIMV with early FBO (46). A recent experience pub-
lished by the same group reported the successful
management of ppNIMV failure, due to an excessive
burden of both secretion and CO2 in an end-stage
COPD patient with exacerbation of hypercapnic ARF,
by means of a sequential and integrated use of
ppNIMV together with FBO, high-frequency chest wall
oscillation and veno-venous extra-corporeal CO2-re-
moval (47).

Special Scenarios
Difficult intubation

The combined use of FBO and ppNIMV to perform ETI
may be useful in peculiar clinical contexts. ppNIMV is
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effective in supporting spontaneously breathing criti-
cal patients during FBO-assisted ETI. On the other
hand, FBO could be of help to facilitate ETI in patients
who have failed ppNIMV (16, 25, 48).

In a RCT performed on 32 patients with an anticipated
difficult ETI in ear-nose-throat surgery, Bourgain et al.
(49) demonstrated that as compared to spontaneous
breathing, ppNIMV was more effective to improve ven-
tilation efficiency, guaranteeing higher tidal volumes
and lower end-tidal PCO2 values, during FBO per-
formed under propofol anesthesia.

ETI is particularly risky and difficult in severely hypox-
emic patients who deteriorate despite a trial of
ppNIMV (29). The lack of clear benefit of ppNIMV in
these patients is at least in part due to an increased
mortality rate during rescue ETI. In fact, these patients
are at risk of developing major complications (e.qg. life-
threatening arrhythmias, cardiac arrest) when the
mask is removed for intubation (50). Even in centers
with high experience, 3 out 21 ARF patients devel-
oped cardiac arrest during several attempts of per-
forming ETI after ppNIMV failure (51). Maintaining pp-
NIMV during ETI may prevent alveolar de-recruitment
and derangement of gas exchange. This concept was
demonstrated by Bailard et al. (52) in a RCT study
conducted on 53 hypoxemic patients requiring ETI in
ICU. The Authors showed that SpO2 values were sig-
nificantly greater if pre-oxygenation before ETI was
performed with ppNIMV than with conventional non-
rebreather bag-valve mask. In the first pilot French
study, Da Conceigao et al. (53) assessed the feasibil-
ity and safety of a new technique of FBO-assisted tra-
cheal naso-intubation with ppNIMV delivered via an
adapted endoscopic facial mask under conscious se-
dation in 16 patients with hypoxemic-hypercapnic ARF
(PaC02=64+/-26 mmHg, PaO2/Fi02=142+/-70 mmHg
before pp-NIMV) after late ppNIMV failure. SpO2 sig-
nificantly improved during ETIl and remained over 90%
over the procedure. FBO-intubation was performed
without any failure or complication. In another US pilot
study, Barjaktarevic et al. (54) reported the series of
10 nonconsecutive hypoxemic patients who devel-
oped failure of ppNIMV via full-face mask showing a
PaO2/FiO2 ratio lower than 100 mmHg; the subjects
were orally intubated under the guide of FBO keeping
ppNIMV delivered via nasal route. Adopting this new
technique, ETI was successfully performed without
major complications; 1/3 of the patients developed ar-
terial hypotension mainly correlated with analogo-se-
dation. Only a mild drop in SpO2 (4.7+/-3.1%) was re-
ported during the procedure.

These preliminary experiences require the confirm by
large RCTs comparing conventional vs FBO-guided
ETI under ppNIMV in patients with either predicted or
proven difficult direct laryngoscopy or with impending
ppNIMYV failure due severe hypoxemia.

Obstructive sleep apnea syndrome

Patients with obstructive sleep apnea syndrome
(OSAS) are at high risk of developing severe hypox-
emia under and after sedation during surgical or endo-
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scopic procedures (55).
This is particularly true in
case of FBO performed un-
der sedation which may
precipitate airways collapse
and severe hypoxemia in
OSAS patients. ppNIMV
counteracts negative inspira-

tory pressures and hypotonicity of the upper airway
muscles in these patients (16, 25, 56). Furthermore,
the positive pressure allows for the laryngeal struc-
tures to be identified as the device passes the hypo-
pharynx and is introduced through the vocal chords.
This aspect is fundamental in OSAS patients with pre-
dicted difficult intubation (57).

ppNIMV counteracts
negative inspiratory
pressures and hypo-

tonicity of the upper
airway muscles in
OSAS patients.

Pediatric patients

Pediatric patients are at a high risk for hypoxemia and
hypercapnia during FBO due to the smaller diameter
and the greater tendency for collapse of their airways
(58). Any obstruction due to edema and lesions occu-
pying space will exponential-

ly increase the resistance . - O\
to gas flow, limiting ventila- WE Ll (20 T

tion by significant reduc- SR DTN

Fions: in tidal volume, peak g:‘?jlf;g:g::,:sep;?
inspiratory pressure and dency toward collap-
expiratory flow (59). In chil- | ga of the lateral walls
dren, CPAP increases the | of the pharynx and
width of the laryngeal | counterbalances the
space and reduces the ten- | FBO-induced shal-
dency toward collapse of | low breathing pat-
the lateral walls of the phar- \_tern.

ynx and counterbalances

the FBO-induced shallow breathing pattern (60).
These favorable effects of CPAP are particularly use-
ful in infants with tracheobronchomalacia who are
more vulnerable to airways collapse (61).

Interventional procedures during RB

The application of intermittent positive pressure and
jet-ventilation are the two standard CMV modes that
guarantee effective ventilation during RB. Patients
could also be managed with assisted spontaneous
breathing. Unfortunately, these ventilatory strategies
have important limitations during RB, such as require-
ment of higher FiO2, ineffective control of ventilatory
out-put with risk of acidosis, need for higher doses of
opioids, prolonged recovery time (3, 25-27).

In two RCTs Natalini et al. (62, 63) demonstrated that
as compared to both assisted spontaneous breathing
and external high-frequency oscillation, npNIMV deliv-
ered by a poncho-wrap to support interventional RB
procedures under general anesthesia, was associated
with less incidence and severity of respiratory acido-
sis, less requirement of increased O2 supply, lower
use of opioids, shorter recovery time, and less need
for assisted-manual ventilation. The applicability of
this technique is limited since these favorable results

53



R. Scala

were obtained by only one expert Italian center.

Practical issues

First of all, it should be highlighted that FBO-NIMV
procedures must be performed in an ICU/RICU set-
ting, or a standard bronchoscopy room capable of
dealing with any cardio-pulmonary complications and
with the management of airways (16, 25).
Concerning the timing, ppNIMV should be initiated at
least 15-20 min before bronchoscopy in the sponta-
neously breathing patients.

There are no published pa-

pers comparing the differ-

ent ventilatory modes. The
easiest mode of assisting

FBO in hypoxemic patients

consists in delivering CPAP

by means of Boussignac
system with a face mask
(88). This system accelerated

the air molecules in form of microjets that generates a

“virtual valve” through a turbulence effect. The gas ve-

locity transforms into pressure depending on the flow

of gas provided. Usually, CPAP is initially set at 10

cmH20 with FiO2 of 1.0 and then the pressure is

eventually increased depending on SpO2 values. As
this CPAP device remains open to the atmosphere, it

has the advantage to allow easy maintenance of a

positive pressure and CPAP delivery while FBO is be-

ing performed (38).

Pressure-support ventilation has been the most com-

monly used mode of ppNIMV (9, 11, 24, 25). An initial

pressure support of 10 cmH20 is recommended dur-

ing FBO with low PEEP levels (i.e. 5cmH20) (25).

With advanced ventilators provided with a double-tube

circuit and an accurate ventilatory monitoring, pres-

sure support could be finely titrated in order to achieve
an expiratory tidal volume of 8-10ml/kg and respirato-
ry rate below 25min-1. FiO2 is initially set at 0.5 and
then changed to achieve SpO2 values above 90%; ac-
cordingly, an ICU ventilator capable of delivery FiO2

from high-pressure sources is recommended (12).

ppNIMV setting adjustments could be done during the

procedure (25):

a) if there is hypoxemia despite FiO2 1.0, PEEP may
be increased by step of 2 cmH20 until SpO2 =90%
is reached; patients who remain hypoxemic de-
spite high FiO2 and PEPP levels are not good can-
didate for NIMV-assisted FBO;

b) hypercapnia and respiratory acidosis have to be
corrected by raising pressure support levels in or-
der to improve effective alveolar ventilation before
FBO;

c) in case of low expiratory tidal volume values, an
accurate evaluation of leaks is advised; then, if the
mask fitting is fine, pressure support values could
be incremented.

Regarding the interfaces, almost all types of masks

have been applied for NIMV-assisted FBO. The most

widely used are oro-face masks (13, 25). Endoscopic

The easiest mode of
assisting FBO in
hypoxemic patients

consists in delivering
CPAP by means of
Boussignac system
with a face mask.
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face masks usually have two orifices: the first for the
administration of gas and the second for the introduc-
tion of the bronchoscope. FBO with ppNIMV could be
performed with helmet (40) or total-face mask (42).
Chiner et al. (41) used a hand-made system of a
membrane made out of a latex glove coupled with a
bite block and a small incision; this maintains the
pressure administered by ventilator through a nasal
mask, and FBO may be carried out orally.
Bronchoscope could be introduced through both the
nasal and oral route depending on the mask used and
the operator’s experience (25) (Figure 3). With face
masks, nasal or oral pathways can be used. The oral
route requires a direct introduction of the broncho-
scope through a sealed connector inserted between
the mask and the circuit; bending during the entrance
of the bronchoscope should be avoided and the use of
a mouthpiece is strongly recommended in order to
prevent serious damages of the instrument. Con-
versely, the nasal route, which is usually chosen dur-
ing routine FBO for the facilitated access trough the
vocal cords, may be really difficult during face-mask
NIMV, as the bronchoscope has to be considerably
manipulated, which not only prolongs the procedure
but may also cause trauma to both the nasal mucosa
and the instrument itself. To facilitate easy passage,
the bronchoscope is initially passed through the face-
mask, and the tip of bronchoscope is gently passed
through the nose till the vocal cords are visible. With
the helmet, either nasal or oral entry could be used,
with the patient sitting or in supine decubitus (40).
Likewise, the use of Boussignac CPAP allows for oral
or nasal entry (38).

Delivery of ppNIMV does not necessarily imply greater
sedation. For topical anesthesia, lidocaine is used fol-
lowing as for standard FBO (1, 64). In nonintubated
patients, the patient’s agitation may lead to desatura-
tion and compromise the realization of FBO during
ppNIMV. Chiner et al. (65) demonstrated the feasibili-
ty and safety of a target-controlled (TCI) propofol se-
dation during BAL in a series of 23 patients with hy-
poxemic ARF (mean PaO2/FiO2 pre-FBO= 181
mmHg). All patients tolerated FBO with BAL and none
was intubated during the 2 hour after the procedure.
Loss of consciousness was obtained with an effect
site concentration of propofol of 1.49+0.46ug/mL. TCI
propofol allowed to obtain amnesia, patient comfort,
and it did not impair airway protection. Any hemody-
namic changes observed were modest and transient.
Even if analgesics (opioids) and/or sedatives (benzo-
diazepines, propofol) could be helpful for FBO under
ppNIMV to reduce patient’s discomfort, it’s important
to highlight that clinicians must have experience in
drug management and airway management (66).

It is recommended to carry out the procedure with the
patient in a semi-recumbent position, which is implied
by the anterior entry of the bronchoscope. However,
ppNIMV itself has been used in supine decubitus in
order to optimize respiratory parameters in other ex-
plorations like interventional cardiology or in suspect-
ed dynamic airway collapse (16, 25, 34). As in all in-
terventions in high-risk patients, it is advisable to take
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Figure 3 - Different combinations of access of bronchoscope into the airways (nasal or oral route) and interfaces (nasal, full-
face, total-face mask and helmet) used for delivering ppNIMV.

Kﬁ the shortest time possible
Risks of the combi- \ ynder 10 min (25). ppNIMV

ned NIMV-broncho-
scopy procedure
should be not unde-
restimated and, in
this context, the role

of the nursing team . .
in preventing compli- Risks of the combined

cations is fundamen- NIMV-bronchoscopy proce-
tal. dure should be not under-

estimated and, in this con-

text, the role of nursing team in

preventing complications is fundamental (67). ppNIMV
may induce gastro-distension and increased risk for
pulmonary aspiration; the abdominal pressure can re-
duce functional residual capacity and increase the
elastic work of breathing (9, 16, 34). Lower pressures
of the ventilator and semi-recumbent patient’s position
may reduce this risk (25). Nasal or facial injuries ap-
pear only after a prolonged NIMV use (13). There are
also other complications related with FBO (gas ex-
change derangement, bleeding, poor collaboration,
etc.), whose resolution is approached as in a standard
FBO with prompt ETI availability (1, 2). The rate of
pneumothorax after TBLB is considerably higher dur-
ing CMV than in spontaneously breathing patients
(14,3-23,6 vs < 5%) (68, 69). Conversely, we have no
data about the rate of pneumothorax during NIMV-as-
sisted TBLB. However, the risk should not to be under-

will be maintained with a
setting similar to those prior
to FBO within 15 and 90
min after the procedure
(25).

Shortness of Breath 2015; 4 (2): 47-58

estimated as pneumothorax was reported during both
in acute and chronic ppNIMV (70, 71). Accordingly, fa-
cilities for inserting a chest drainage should be
promptly available. Less frequently, there may be ma-
jor cardiovascular complications (e.g. malignant ar-
rhythmias, acute coronary syndrome, cardiac arrest),
which can be minimized through proper patient selec-
tion and monitoring during bronchoscopy (1, 2, 25).
Contraindications for FBO-NIMV combined proce-
dures are those of ppNIMV itself, such as cardiac ar-
rest, severe encephalopathy, gastrointestinal bleed-
ing, severe hemodynamic instability, history of facial
surgery or trauma, recent esophageal-gastric inter-
ventions. inability to protect the airway (9, 16). In ad-
dition to that, there are other absolute contraindica-
tions of bronchoscopy itself, such as, recent acute
coronary syndrome, severe arrhythmias, and severe
coagulopathies if biopsy is planned (1, 2).

Conclusions

An increasing amount of data suggested the use of
bronchoscopy during NIMV in ARF in order to
avoid/reduce the need of ETI. Despite a strong ration-
ale for the combined use of the two techniques, there
is not still enough evidence for a large-scale applica-
tion of this strategy in all clinical scenarios. The major-
ity of the available data are in favor of the “help” given
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/ﬁ by NIMV to diagnostic bron-
The combined NIMV \ choscopy in high-risk hy-

and FBO approach
should be perfor-
med only in expe-
rienced centres
where close monito-
ring and ETI facili-
ties are promptly

\_ available. /

poxemic patients. Prelimi-
nary findings report the
successful “help” given by
early bronchoscopy to
NIMV in patients with hy-
poxemic-hypercapnic ARF
who are likely to fail be-
cause of hypersecretion.
Other interesting potential

applications of NIMV plus bronchoscopy are difficult
ETI, OSAS and pediatric patients, as well as candi-
dates for interventional RB procedures. This com-
bined approach should be performed only in centres
showing wide experience with both NIMV and bron-
choscopy, where close monitoring and ETI facilities
are promptly available.
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