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Purpose of review

Advanced bronchoscopic procedures continues to grow, and are now commonly used to diagnose and/or
treat a variety of pulmonary conditions that required formal thoracic surgery in past decades.
Pharmacologic developments have provided new therapeutic options, as have technical advances in both
anesthesia and interventional pulmonology. This review discusses technical and clinical issues and
advances in providing anesthesia for advanced bronchoscopic procedures. It also discusses some
controversial issues that have yet to be fully resolved.

Recent findings

We discuss anesthetic considerations for new procedures such as the new technology used in electromagnetic
navigation bronchoscopy, and bronchoscopic cryotherapy. We also review new ventilation strategies as well
as pharmacologic advances and recent trends in the utilization of anesthetic adjuvants, and the use of short-
acting opioids like remifentanil, and alpha agonist sedatives such as dexmedetomidine.

Summary

The anesthetic framework and the discussions presented here should help forge effective communication
between the interventional pulmonologist and the anesthesiologist In the Bronchoscopy Suite nonoperating
room anesthesia with the goal of enhancing patient safety.
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INTRODUCTION

In recent years, there has been a proliferation in
advanced bronchoscopic procedures, many requir-
ing innovative anesthetic and airway management
techniques [1]. For example, mediastinal staging for
lung cancer, traditionally performed in the operat-
ing room (OR) by a thoracic surgery team, can now
be done on an outpatient basis using minimally
invasive bronchoscopic techniques [2]. As a result,
several hospitals have constructed specially
equipped interventional pulmonology suites inde-
pendent from the hospital’s OR suites (Fig. 1) [3

&&

].
Known as ‘Hybrid ORs’, they are suitable for both
advanced diagnostic and interventional therapeutic
procedures. Moreover, they are suitable for carrying
out traditional thoracic surgery operations. Such
Bronchoscopy Suites have been designated as a
nonoperating room anesthesia (NORA) site [4].

Anesthesia for advanced bronchoscopic proce-
dures can pose unique challenges for the anesthesi-
ologist as well as other team members, in large part
because the airway is shared, but also because general
t © 2021 Wolters Kluwe
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anesthesia using total intravenous anesthesia (TIVA)
is frequently needed (Fig. 2). Rigid bronchoscopy
almost always requires general anesthesia, whereas
flexible bronchoscopy can often be done under topi-
cal anesthesia supplemented by moderate (con-
scious) sedation for simple diagnostic procedures
and under general anesthesia for the more involved
advanced diagnostic and/or therapeutic procedures.
Many advanced bronchoscopic procedures necessi-
tate both rigid and flexible bronchoscopy.

Patients scheduled for advanced bronchoscopic
procedures often have significant comorbidities that
r Health, Inc. All rights reserved.
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KEY POINTS

� General anesthesia (TIVA) is recommended for
advanced diagnostic and therapeutic Bronchoscopy
with muscle relaxation regardless of the airway
choice.

� Unless contraindicated, both endotracheal tubes, and
supraglottic airways can be used for advanced
diagnostic bronchoscopy.

� General anesthesia adjuvants such as a small doses of
midazolam, and fentanyl can be helpful as anxiolytic,
antiemetic, and antitussive, respectively, and all in all
better recovery profile, and patient experience.

� Heliox is helpful in temporizing stridor, untill definitive
management is undertaken.

� Precautions to guard against pneumothorax should be
exercised when cryospray technology is in use.

� To facilitate access to peripheral lung lesions during
navigational bronchoscopy, a special attention to
should be directed at avoiding atelectasis.

FIGURE 1. One of the ‘Hybrid OR’ bronchoscopic procedure ro
anesthesia machine on the left side of the image. Reprinted with p
Photography � 2021. All rights reserved.

Non-operating room anesthesia (NORA)
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make them at a high risk of anesthesia and proce-
dure-related complications [5]. Common problems
include severe pulmonary pathology as well as
comorbidities such as obesity, obstructive sleep
apnea, diabetes, and coronary artery disease. Most
bronchoscopic procedures require that anesthesiol-
ogists and pulmonologists share the airway, occa-
sionally with conflicting clinical objectives, such as
the situation where the pulmonologist desires a
motionless field, and aggressive airway suctioning,
whereas the anesthesiologist needs to maintain con-
tinuous oxygenation and ventilation.

Finally, the dynamic nature of these broncho-
scopic procedures can make contemporaneous
record keeping a challenge, with changing airway
conditions and anesthetic requirements sometimes
leaving little time for clinical documentation. The
use of an automated Anesthesia Information Man-
agement System (AIMS) or a second individual ded-
icated to the task of documentation can be helpful
in this instance.

Given these complexities, it behooves the anes-
thesiologist to be conversant with the various inter-
ventional bronchoscopic procedures, as well as to be
ealth, Inc. All rights reserved.
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FIGURE 2. Complex airway cases require that all members of the anesthesiology and pulmonology teams work harmoniously
and seamlessly in providing patient care. The procedure in this case involves debulking a tumor using a rigid bronchoscope.
Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography � 2021. All rights reserved.
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familiar with the various airway management and
anestheticoptions for these often-challenging patients.

DIAGNOSTIC AND THERAPEUTIC
BRONCHOSCOPIC PROCEDURES
Bronchoscopic procedures can be diagnostic or
therapeutic. Diagnostic procedures typically aim
at acquiring diagnostic samples (e.g., brushings,
tissue fragments, aspirated tissue samples), and
are typically obtained with the aid of direct visuali-
zation, or with the use of endobronchial ultra-
sound-guided transbronchial needle aspiration
(EBUS-TBNA) for central lesions within or close to
the central airways or electromagnetic navigation
for peripheral lung lesions. An EBUS bronchoscope
contains both conventional bronchoscopic optics
as well as a built-in ultrasound imaging probe, a
combination allowing the proceduralist to perform
targeted needle aspiration of suspect structures.
As noted earlier, this technique is frequently used
for mediastinal lymph node staging of lung malig-
nancies. Although both procedural sedation and
general anesthesia techniques are frequently used
in this setting, the use of general anesthesia typi-
cally provides more favorable conditions for the
 Copyright © 2021 Wolters Kluwe
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proceduralist (e.g., less coughing) as well as patient
advantages in the form of comfort, amnesia, the
safety of being cared for by a dedicated anesthesia
team, and potentially higher yields that help ensure
an accurate diagnosis [6].

Electromagnetic navigational bronchoscopy is a
catheter-based diagnostic technique that enables
the proceduralist to biopsy lesions at the lung
periphery using the working channel of the bron-
choscope. The system is based on a special probe
that transmits position information in real-time.
Central to this arrangement is an associated system
that converts preprocedure CT scans into 3-D virtual
lung images. Both procedural sedation and general
anesthesia techniques are frequently used in this
setting, although as with EBUS procedures, the
use of general anesthesia typically provides more
favorable conditions for the proceduralist.

More recently, concerns have been raised regard-
ing the lower than desired diagnostic yield of periph-
eral lung lesions especially those near the diaphragm
using the navigational bronchoscopy technique. That
was thought to be due to the discrepancy between the
lung volumes on the preprocedural CT scan compared
to the much smaller lung volumes after induction of
r Health, Inc. All rights reserved.
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Cleveland Clinic Protocol for Induc�on of General Anesthesia and Ven�la�on in 
Naviga�on Bronchoscopy

Pre anesthesia:

1) Incen�ve spirometry and nebulizer as per the pulmonologist’s discre�on 

Pre-induc�on:

1) Op�mize pa�ent posi�on on the table, as well as table height, and head posi�on, etc. before 
star�ng

2) Prepare an oral airway, the intuba�ng device (DL/VL) and ETT (largest size possible, 8.5 or 9.0 
mm ID) style�ed or not, as needed.

3) Posi�on the pa�ent in head up posi�on, or reverse Trendelenburg ( especially in obese pa�ents)  
as feasible and appropriate at the Anesthesiologist’s discre�on 

4) Encourage deep breathing during pre-oxygena�on with 100% FiO2

5) If the airway is not judged to be difficult to warrant awake intuba�on, Induce with propofol and 
other adjuvants, followed immediately by the muscle relaxant and flush the line, 

6) Start mask ven�la�on immediately a�er induc�on using an oral airway, delivering TV of 
approximately 10-12 mL/Kg  , (avoid rapid small TV PPV)

7) Experienced intubator should intubate as fast as possible when pa�ent is fully paralyzed (not
appropriate for airway teaching )

8) Immediately start mechanical ven�la�on with PCV/SIMPCV mode (and not PCVVC), and PEEP of 
8-12 mmHG. Adjust driving pressure to achieve a TV of around 10 mL/ Kg

Maintenance:

1) TIVA anesthesia
2) Maintain high fresh gas flow, > 12 L/min throughout regardless of the FiO2 used
3) Lower the FiO2 to approximately 50% as tolerated if feasible, while s�ll maintaining high flow 

total FGF
4) Ven�la�on with PCV/SIMPCV mode (and not PCVVC), and PEEP of 8-12 mmHG. Adjust driving 

pressure to achieve a TV of around 10 mL/Kg
5) Use Portex swivel adapter with the least number and extent of diaphragm cuts to facilitate 

inser�on of the bronchoscope and thus the least amount of gas leak
6) Pulmonologist to minimize airway suc�oning to minimal needed
7) If intuba�on takes longer than expected, and/or a�er excessive suc�oning, may a�empt re-

inflate the lungs using recruitment maneuvers.

Breath Holding:

Should be done at peak inspira�on, by flipping the ven�lator switch to manual, may adjust APL 
and/or hold the bag while maintaining high fresh gas flow. The goal is maintaining the lung 
appropriately inflated to facilitate proper imaging during the X-Ray sweep which lasts 
approximately 40 seconds 

Abdelmalak B and Doyle DJ: Updates and Controversies in Anesthesia for Advanced Interven�onal 
Pulmonology Procedures. Current Opinion in Anesthesiology 2021

FIGURE 3. Cleveland Clinic protocol for induction of general anesthesia and ventilation in navigation bronchoscopy.
Reprinted with permission, Cleveland Clinic Center for Medical Art & Photography � 2021. All rights reserved.

Non-operating room anesthesia (NORA)
general anesthesia. Advances in technology addressed
thatbyallowingtakingaCTquality imagesbyaspecial
spinning C arm, intraprocedurally to better visualize
those peripheral small lesions, and then biopsy them.
This requires some modification of the induction and
ventilation strategy to minimize post induction atel-
ectasis (Fig. 3) illustrates our proposed approach to
address this challenge.

Therapeutic bronchoscopic procedures are typi-
cally divided into tumor debulking procedures and
procedures involving balloon dilation and the
deployment of airway stents (either silastic or metal-
lic) (Supplementary Table 1, http://links.lww.com/
COAN/A74; [31]). Although both procedures are
 Copyright © 2021 Wolters Kluwer H
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carried out with the intention of improving airway
conditions, the aim of tumor debulking is to
decrease the tumor burden and tumor size as well
as to improving the patient’s quality of life by
allowing the patient to breathe more comfortably
and enjoy quality time with loved ones.
ANESTHETIC PLANNING

Anesthesia begins with preoperative patient evalua-
tion, which may need to be abbreviated in some
emergency cases. Applicable considerations include
the nature of the proposed procedure (Table 1),
whether general anesthesia is needed, whether
ealth, Inc. All rights reserved.
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Table 1. Some Special Bronchoscopy Situations Requiring Special Planning

� Anterior mediastinal mass. Look for position-related dyspnea, degree of impingement and obstruction of the trachea (severe when > 50%
stenosis), stridor or desaturation. The position where the patient is most comfortable breathing should be identified prior to the procedure.
Compression of the heart and major vessels on CT scan trigger a search for symptoms and signs of cardiovascular compromise.

� Hemoptysis. Ensuring blood availability is important in preparation for procedures involving the treatment of severe hemoptysis. Beware
of the possibility of blood aspiration.

� Intraluminal airway obstruction. Symptoms may range from being asymptomatic to experiencing stridor and dyspnea. Intraluminal
bleeding may increase the obstruction by clot formation. Emergency procedures may be required to control bleeding, debulk the tumor
and maintain an open airway.

� Pericardial effusion and tamponade. Can result in findings similar to SVC syndrome as well as pulsus paradoxus. Signs of cardiac
compression or pericardial effusion on CT may necessitates preoperative or intraoperative echocardiography to assess cardiac function
[32,33]. The possible need for stand-by cardiopulmonary bypass should be discussed.

� Superior vena cava (SVC) syndrome. SVC compression may cause head and neck congestion, prominent tortuous cutaneous veins on the
anterior chest wall and jugular venous distention [34]. If possible, SVC stents should be placed prior to airway procedures.

� Tracheal compression. The degree of compression seen on CT has been linked to risk of airway compromise under general anesthesia
[35]. Patients with tracheal cross-sectional area under 50% are usually symptomatic and likely to suffer perioperative complications [34].
The combination of left main stem obstruction and right pulmonary artery compression has been reported to cause catastrophic ventilation-
perfusion mismatch [33].

� Tracheo-esophageal fistula. Look for symptoms and signs of aspiration and for radiographic evidence of aspiration. The location and size
of the fistulas should be reviewed on the preoperative chest CT. Plans for airway management, method of ventilation and airway rescue
should be discussed with the proceduralist prior to starting.

Anesthesia for advanced bronchoscopy Abdelmalak and Doyle
cancer chemotherapy has been given, patient co-
morbidities such as tobacco use disorder, chronic
obstructive pulmonary disease, hypertension, coro-
nary disease, obesity, and diabetes, and an evaluation
of the airway. The airway evaluation would include
identifying predictors of difficult mask ventilation,
predictors of difficulty with intubation, signs of a
compromised airway, such as tachypnea, wheezing,
stridor, hoarseness, bleeding and the use of the acces-
sory muscles of respiration. Special consideration
should also be given to available information with
respect to the nature, size and location of the lesion in
question. A CT scan will be often helpful to identify
possible airway abnormalities or mediastinal masses
(Supplementary Fig. 1, http://links.lww.com/COAN/
A75). Note that in most of these patients the problem
is lower airway pathology that does not per se make
intubation difficult [7]. Even when dealing with
patients with severe tracheal stenosis, mask ventila-
tion is usually straightforward, and intubation can
usually be accomplished using a narrow-bore endo-
tracheal tube and a supraglottic airway can be placed
uneventfully to allow access to the stenotic area for a
possible therapeutic intervention. Above all, discus-
sion with the proceduralist about the patient’s illness
and the planned procedure will be helpful to ensure
that all participants are ‘on the same page.’
ANESTHETIC MANAGEMENT

Although in past decades anesthetic management
usually preceeded by premedication using an anxi-
olytic or other agent, this practice has become less
common in recent years both in general as well as in
 Copyright © 2021 Wolters Kluwe
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the context of bronchoscopic procedures. In part
this is to ensure that the patient is wide awake for the
‘check-in’ safety huddle preceding the case, but also
because some of the medications used in these
patients can have undesirable respiratory depressant
effects. Therefore, it is recommended that premed-
ication to be administered when the patient is mon-
itored, and receiving supplemental oxygen as
needed. Premedication with glycopyrrolate or atro-
pine, once popular to manage secretions, is no
longer recommended as a routine [8].

Intravenous anesthesia is most frequently used in
bronchoscopy cases involving general anesthesia.
After the induction of anesthesia with propofol
and muscle relaxationachievedwithaparalyticagent
such as rocuronium, anesthesia is maintained using a
TIVA technique such as a propofol infusion delivered
at an initial rate of 100–150 mcg/kg/min. Though
not always preferred due to its bradycardic and hypo-
tensive side effects, some may add a remifentanil
infusion delivered at an initial rate of 0.1 mcg/kg/
min. These initial infusion rates are then adjusted
based on factors such as the hemodynamics (blood
pressure, heart rate) and the depth of anesthesia as
guided by clinical findings and (commonly, but not
always) by electroencephalographic (EEG) analysis
such as the Bispectral Index (BIS Monitor, Medtronic,
Dublin, IR) [9].

In many countries, TIVA is most commonly
achieved using target-controlled-infusion (TCI) tech-
niques, but while TCI offers many practical advan-
tages it is not yet approved for use in the USA [10].

A possible exception to the use of muscle relax-
ant in bronchoscopic cases would be a patient with
r Health, Inc. All rights reserved.
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Non-operating room anesthesia (NORA)
an anterior mediastinal mass (AMM) exhibiting the
potential for severe airway obstruction following
paralysis [11].

Another example for the need for flexibility and
thoughtfulness in modifying the anesthetic man-
agement to suit the procedure can be demonstrated
in the management of the bronchoscopic cryospray
procedure for destruction of endotracheal/bron-
chial tumors or granulation tissue. During this pro-
cedure, liquid nitrogen is applied (sprayed) through
a special catheter through the operative channel of
a flexible therapeutic bronchoscope. Upon applica-
tion the liquid nitrogen releases liters of nitrogen
gas, that could result in pneumothorax unless ade-
quate egress pathway is available, thus it requires
the vigilance of the anesthesiologist to disconnect
the breathing circuit from the airway, and if an ETT
is being used, the cuff is deflated as well for the
duration of the application, with continuous obser-
vation of the chest movement, making sure of its
return to baseline before reconnecting and resum-
ing ventilation with 100% FiO2 for safety. The pro-
cess is replicated with every application till the
procedure is completed.

Emergence from anesthesia is carried out in the
usual manner, with the warning that because of fact
that the airway has been instrumented, the possibil-
ity of emergence laryngospasm especially when
supraglottic airway is used, (Supplementary Fig. 2,
http://links.lww.com/COAN/A73) is always a possi-
bility one should be prepared for [12].
HELIOX AND STRIDOR

Stridor, a harsh sound produced by turbulent airflow
through a partially obstructed airway is sometimes
encountered in patients undergoing bronchoscopic
procedures. When encountered, one should imme-
diately seek to establish its source; common causes
include epiglottitis, tracheal stenosis, foreign body,
vocal cord edema, and tracheal compression by
tumor. The first management issue should focus on
whether intubation is immediately necessary. As this
decision isbeingmade,possiblepotential therapeutic
options include (1) expectant management with full
monitoring, oxygen by face mask, and positioning
the head of the bed for optimum conditions (e.g., 45–
90 degrees); (2) administration of nebulized racemic
epinephrine and (3) administration of dexametha-
sone 4–10 mg IV where airway edema may be the
cause of the stridor; and (4) administration of Heliox
(30% O2: 70% He) by a simple face mask, with gas
flows in the range of 10 l per minute.

Recall that gas flow in the airway can be laminar,
turbulent, or mixed. In laminar flow, fluid particles
flow along smooth paths in layers, or laminas, with
 Copyright © 2021 Wolters Kluwer H
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one layer gliding smoothly over an adjacent layer.
Under these conditions, the flow characteristics are
given by the Hagen-Poiseuille equation. Airway
conditions producing stridor may be viewed as
breathing through an orifice and gas flow here is
always somewhat turbulent. Under these condi-
tions, the approximate flow across the orifice varies
inversely with the square root of the gas density.
This contrasts with laminar flow conditions, where
gas flow varies inversely with gas viscosity. Note
that while the viscosity values for helium and oxy-
gen are similar, their densities are very different; the
low density of helium allows it to play a valuable
role in the management of airway obstruction asso-
ciated with gas turbulence.
COMPLICATIONS OF BRONCHOSCOPIC
PROCEDURES

Potential complications of ordinary and advanced
bronchoscopic procedures include usually tolerable
events such as prolonged (post-procedural) cough-
ing as well as mild to moderate hypercarbia and
hypoxemia. Devastating complications can include
complete loss of the airway, massive bleeding, air-
way fires, as well as tracheal perforation, pneumo-
thorax formation, and injury to glottic and airway
structures. The use of jet ventilation is sometimes
complicated by pulmonary barotrauma.
CONTROVERSIES

OR Vs. Bronchoscopy Suite NORA

As experience in bronchoscopic procedures accumu-
lated worldwide, several variations in clinical prac-
tice came about, reflecting differences in available
resources, local wisdom, and other factors. One such
controversy is whether a bronchoscopy suite is the
preferred means to provide bronchoscopic proce-
dures or whether these procedures should be done
in an OR, where thoracic surgery can be expedi-
tiously undertaken in circumstances where poten-
tially deadly complications have arisen. For many
centers, the solution has been to use a hybrid OR,
which supports both bronchoscopic procedures as
well as thoracic surgical procedures, should the
need arise.
Which Bronchoscopic Procedure Should be
done under General Anesthesia?

A common controversy concerns deciding which
bronchoscopic procedure should be done using
moderate (conscious) sedation and which one
should be done using general anesthesia. Our view
ealth, Inc. All rights reserved.
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is that while many simple procedures can be easily
done under moderate sedation with good topical
anesthesia, general anesthesia, often employing
neuromuscular blockade, can provide superior con-
ditions for the proceduralist, making it easier to
obtain quality specimens in the case of diagnostic
procedures and making it easier to carry out bron-
choscopic therapeutic interventions by virtue of the
patient being immobile. The advantages of general
anesthesia in complex bronchoscopic cases also
generally translates into reduced procedural time
requirements and a more favorable patient experi-
ence. A final consideration is that general anesthesia
with a tube is generally preferable to the use of
moderate sedation inpatient suspected to be
infected with the COVID-19 virus [13,14

&&

,15
&

].
The Use of Muscle relaxation in Anesthesia
for Bronchoscopy

Another issue concerns whether muscle relaxants
need to be given when bronchoscopy is done under
general anesthesia. Our experience is that use of
muscle relaxants (with all airways; endotracheal
tube, supraglottic airway, and rigid bronchoscope),
rocuronium, can provide favorable conditions that
make the proceduralist’s job somewhat easier and
perhaps safer for the patient. Although concerns
about residual neuromuscular blockade still apply,
this is less of a concern with quantitative monitor-
ing of neuromuscular blockade and the widespread
availability of sugammadex.
Airway Choice for Bronchoscopy

A common controversy concerns whether bron-
choscopy under general anesthesia should be done
using an endotracheal tube or done using a supra-
glottic airway. Our approach is that while patients
who have the equivalent of a full stomach should
be intubated, we often use a supralottic airway in
cases of bronchoscopy under general anesthesia
(and muscle relaxation). Not only is a supraglottic
airway less stimulating than an endotracheal tube,
but it allows the bronchoscopist a view of the
glottic structures not possible with an endotracheal
tube. In particular, supraglottic airways can be
valuable in EBUS mediastinal staging procedures
as they allow for the biopsying of station 2 nodes.
Finally, SGAs can be good airway management
option for patients with subglottic tracheal lesions
(e.g., subglottic stenosis) because the device does
not enter the glottis and therefore remains away
from the surgical field allowing for the
therapeutic interventions.
 Copyright © 2021 Wolters Kluwe
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Conventional Vs. Jet ventilation for Rigid
Bronchoscopy

Another issue concerns the best approach for ven-
tilation in patients undergoing rigid broncho-
scopic procedures. Although some authorities
prefer the use of jet ventilation in this setting,
our preferred technique is to use conventional
ventilation with the anesthesia breathing circuit
mostly manually via the ventilating side arm of the
rigid bronchoscope. This approach typically works
best when the throat is packed with saline-soaked
gauze and different rigid bronchoscope ports are
capped with rubber caps to reduce the amount
of leakage.

A final technical issue concerns the patient with
subglottic stenosis. Although some clinicians con-
sider these patients to be a ‘difficult airway’, obtain-
ing access to the glottic aperture tends to be no more
difficult in these patients then an ordinary patient.
The challenge is that of passing an appropriately
sized tube through the stenosis. in addition, these
patients are almost always not much more difficult
to ventilate by facemask as compared to ordinary
patients.
Midazolam Premedication

The possibility notion that the administration of
midazolam may impact negatively on cognitive
function is a concern of all individuals who provide
anesthesia for medical procedures. This was due to
research findings such as this study comparing mid-
azolam versus tramadol premedication for endo-
scopic retrograde cholangiopancreatography, the
authors noted that the sedation from midazolam
was ‘more effective’ but at the cost of impaired
memory recall [16]. The authors noted, however,
that ‘early cognitive functions were generally pre-
served with both drugs’.

Similarly, in a study of sedation for diagnostic
endoscopy by Hsu et al. [17], the authors noted that
‘midazolam-based light sedation induced selective
cognitive impairments’ and that the effect was pro-
longed in elderly patients.

On the other hand, proponents (the authors of
this article included) of midazolam premedication
for bronchoscopy cite other contradicting findings.
For example a colonoscopy study by Padmanabhan
et al. [18] found that adding midazolam to propofol
sedation ‘did not result in more cognitive
impairment than the use of propofol alone’ while
this arrangement ‘produced better operating condi-
tions than sedation with propofol alone and was
associated with shorter procedure times.‘‘ In a more
recent observational study by Lee and colleagues
r Health, Inc. All rights reserved.
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[19
&

], of adults 65 years of age or older who received
an average of 2 mg (range 1–4 mg) of midazolam in
conjunction with propofol for endoscopic proce-
dures, none of studied individuals demonstrated
any cognitive impairment.

Aside from the cognitive dysfunction contro-
versy, midazolam is an exceptionally reliable amnes-
tic agent, and its anxiolytic properties contribute
positively to the experience that many of these
patient’s desire. This is especially true for those
who must frequently visit the bronchoscopy suite
due to recurring disease, such as those with airway
stenosis post tracheal reconstruction, and or due to
granulomatosis with polyangiitis (Wegener’s) dis-
ease. Moreover, midazolam has antiemetic proper-
ties offering additional protection against the
challenge of PONV. A metanalysis has shown that
midazolam given at the time of anesthesia induc-
tion lowers PONV [20]. Another study showed that
midazolam given 30 min before the end of the
procedure was as effective as ondansetron in lower-
ing PONV [21].

Finally, clinicians sometimes express a concern
that midazolam will delay emergence at the end of
the procedure by a few minutes. Although this has
not been shown to be the case in a carefully per-
formed trial and does not reflect our clinical expe-
rience, even if it is the case proponents of
midazolam use, consider the multiple benefits men-
tioned above to outweigh any minimal delay in
emergence if any.
1 As the Late Pope of the Coptic Orthodox Church, Pope Shenouda III,
once advised regarding good deeds and blessings: ‘‘if you cannot have
it all, do not leave it all’’.
Dexmedetomidine Sedation

Abdelmalak et al. described the use of dexmedeto-
midine in two patients with AMM scheduled for
laser tumor debulking and bronchoscopic place-
ment of a Y-stent [11]. Their plan – to maintain
spontaneous ventilation and avoid muscle relaxa-
tion – was successful during what was a particularly
stimulating procedure. The authors noted that the
amnestic and analgesic properties of dexmedetomi-
dine were particularly helpful in these cases and that
’maintaining spontaneous ventilation with dexme-
detomidine as almost the sole anesthetic (off label
use) could be very advantageous and may reduce the
risk of complete airway obstruction in the anesthetic
management of AMMs.’

Zhou et al. [22] similarly used dexmedeto-
midine in conjunction with remifentanil to main-
tain spontaneous respiration during the initial
management of a patient with extreme airway
stenosis.

A systematic review by Barends et al. [23] com-
pared the effectiveness and safety of dexmedetomi-
dine and midazolam when used for procedural
 Copyright © 2021 Wolters Kluwer H
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sedation. The authors found that ‘dexmedetomi-
dine was associated with higher patient and opera-
tor satisfaction than midazolam’ and suggested that
it had a role as an alternative to midazolam for use in
procedural sedation. Wu et al. [24] looked specifi-
cally at the role of dexmedetomidine in flexible
bronchoscopy procedures, noting that ‘compared
to the conventional midazolam-propofol-fentanyl
regimen, the application of dexmedetomidine
improved sedative effectiveness with less procedural
interruptions, shorter time to ambulation and
higher bronchoscopist satisfaction’ although more
frequent transient bradycardia episodes occurred in
patients receiving dexmedetomidine. However,
clinicians are often less fond of the observed hypo-
tension, and an often long recovery, sometimes
lasting 2–3 h after termination of the dexmedeto-
midine infusion.
Opioid Administration

Some clinicians recommended using an ultra-
short-acting opioid such as a remifentanil infu-
sion. However, given the possible side effects of
bradycardia, hypotension, hyperalgesia and the
limited duration of effect following termination
of the infusion, we are less enthusiastic about this
choice, especially given that it offers a minimal
contribution in preventing postoperative cough-
ing. Instead we recommend a modest dose of
100 mcg of fentanyl IV at induction of general
anesthesia mostly to shorten and lessen the sever-
ity of the commonly encountered post-procedural
coughing.
Dexamethasone Administration

Many have questioned the wisdom of the adminis-
tering perioperative dexamethasone despite its anti-
emetic and anti-inflammatory properties, especially
in diabetic patients, for fear of uncontrolled hyper-
glycemia. However current accumulated evidence
goes against this widespread myth and current rec-
ommendations now allow patients with diabetes to
benefit from the antiemetic properties of dexameth-
asone [25,26

&

]. Additionally, dexamethasone helps
decrease postoperative airway inflammation and
swelling [27,28], as well as helps decrease pain
and discomfort. Finally, corticosteroids can shorten
recovery time [29], and lessen postoperative fatigue
phenomenon [30].
ealth, Inc. All rights reserved.
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CONCLUSION
Bronchoscopic interventional procedures conducted
in NORA settings have increased significantly in
recent years. Patients undergoing these procedures
sometimes have comorbidities that greatly increase
the risk of the procedure and anesthesia. Although
the use of TIVA anesthesia is commonly used, [31] the
specific choice of medications, and airway devices
depend upon patient factors and procedural require-
ments. Complications of interventional broncho-
scopic procedures include injury to airway
structures, hemorrhage, airway fires, barotrauma,
and other problems.
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