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a B S T r a c T
Over the last decades, the use of flexible bronchoscopy has greatly increased in intensive care, anesthesia and thoracic surgery for diagnostic 
purpose, management of critical patients and to facilitate airway management for tracheal intubation, one lung ventilation and lung transplant 
management. The huge availability of endoscopic instruments and devices for airway management has amplified indications and possibilities 
for bronchoscopic procedures performed by intensive care physicians, anesthesiologist, endoscopists, and surgeons too. These practices need 
adequate technical skills that can be acquired only through defined learning pathways. This manuscript summarizes the indications and the com-
petencies needed to perform bronchoscopic procedures in intensive care, anesthesia and thoracic surgery settings.
(Cite this article as: Solidoro P, corbetta L, Patrucco F, Sorbello m, Piccioni F, d’amato L, et al. competences in bronchoscopy for intensive care 
Unit, anesthesiology, thoracic surgery and lung transplantation. Panminerva med 2019;61:367-85. dOi: 10.23736/S0031-0808.18.03565-6)
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In the future, as at present, the internist will tap and 
look and listen on the outside of the chest…; the 

roentgenologist will continue to look through the patient; 
but in a continually increasing proportion of cases, 

the surgeon, the internist and the roentgenologist will 
ask the bronchoscopist to look inside the patient.

chevalier Jackson, md - 1928

Over the last 40 years, the use of bronchoscopy has 
gained widespread diffusion in clinical practice.

it is now well recognized its essential role in the man-
agement of the difficult airways and represents a standard 
of care for the diagnosis and treatment for many condi-
tions in critical care setting.1

The ability to address difficulties in airway control is 
fundamental in anesthesia and resuscitation, and bron-
choscopy is an indispensable tool to achieve correct intu-
bation and to improve patient ventilation and oxygenation 
in any medical or surgical setting.2-4

Bronchoscopy in Intensive Care Unit 
and anesthesiology

Knowledge of the diseases

Knowledge of basic disease and indications are reported 
in the article entitled “Flexible bronchoscopy and basic bi-

P
R
O
O
F

M
IN

ERVA
 M

EDIC
A

PROFF ID.indd   1 10/09/10   14:28



SOLidOrO  BrONcHOScOPic PrOcedUreS

368 PaNmiNerVa medica September 2019 

regurgitation; the presence of gastric tube does not seem to 
be protective, hence the recommendation of keeping head 
tilt at 30° degree in case of sedated and intubated patients.

Bronchoscopy appears useful in cases of aspiration of 
particulate content, causing atelectasis on chest X-ray, and 
of large volume of gastric content that can be removed re-
ducing the inflammatory reaction.8, 9

InfectIons

respiratory infections of the critically ill patients can be 
classified as community-acquired (CAP), ventilator asso-
ciated (VaP) and pneumonia in the immunocompromised 
patients.

Blind, non-bronchoscopic, protected alveolar lavage 
and protected specimen brush are used in intubated pa-
tients, and there is no evidence supporting the superior-
ity of flexible bronchoscopy-guided BAL over blind tech-
niques. Nonetheless flexible bronchoscopy (FB) is suitable 
for etiological diagnosis of pulmonary infectious disease, 
if the aforementioned non-bronchoscopic methods fail to 
identify etiologic agent. moreover, FB-guided BaL may 
be considered as the best diagnostic tool for the diagnosis 
of Pneumocystis jirovecii (carinii).10, 11

HemoptysIs

FB can identify the source of bleeding and address thera-
peutic interventions. in case of mild/moderate hemoptysis 
cold saline and low dose epinephrine can be instilled lo-
cally; fibrin precursor can be administered as well.

in case of massive hemoptysis, utilization of rigid bron-
choscope should be considered, as its larger working chan-
nel allows more efficient suction of blood and ventilation 
can be ensured through side port allowing therapeutic in-
tervention. Placement of a Fogarty balloon tipped catheter 
can be used as a temporary damage-control strategy or 
therapeutic option; after its deployment, it is inflated to in-
clude the bleeding area and removed after 24 or 48 hours. 
If definite control of condition is achieved it can be re-
moved, otherwise other strategies, especially if bronchial 
lesions are present, including cryosurgery, laser photoco-
agulation and electrocautery should be adopted. in case of 
massive unilateral bleeding, selective bronchial intubation 
of the non-diseased lung and one lung ventilation (OLV) 
should be considered as a life-saving option.3, 12, 13

tHoracIc trauma

Tracheobronchial lesions are reported in 2.8% of patients 
with severe non-penetrating chest trauma.14 Lacerations or 

opsy technique” available in this journal issue.5 Specific 
knowledge for intensivists and anesthesiologists can be 
summarized as follows:

• normal, variant and abnormal bronchial anatomy, and 
relationships of bronchial tree to other important intra-
thoracic structures (mediastinum, and other intrathoracic 
structures);

• thoracic imaging (computed tomography scan [cT], 
positron emission tomography [PeT]);

• full working knowledge of all the equipment required 
(bronchoscopes, forceps, bronchoalveolar lavage [BaL], 
brushing) including disposable bronchoscopes;

• anesthesia and sedation technique and complications;
• prevention and management of possible complica-

tions;
• predictors of difficult/impossible mask ventilation 

and difficult intubation conditions as: limited inter-incisor 
distance, high mallampati grade without change upon 
phonation, mandibular protrusion, abnormal neck anato-
my, sleep apnea or snoring, and obesity with a body mass 
index of 30 kg/m2 or greater and large neck circumference, 
congenital airway deformities (e.g. Pierre robin syn-
drome), head and neck cancers (e.g. supraglottic tumors 
and neck radiation), trauma of face/neck or upper airway, 
presence of beard.6

Indications for procedure

Bronchoscopy in the intensive care Unit (icU) may be 
used for a large number of indications, either diagnostic or 
therapeutic often overlapping in these contexts,7 as listed 
in Table i.

aspIratIon

aspiration of gastric content is harmful and in the critical 
care setting may often be unrecognized. in most cases small 
amount of liquid content is aspirated as a result of passive 

table I.— Indications for flexible bronchoscopy in ICU.
diagnostic Therapeutic

management of secretions or 
atelectasis

restoring airway patency

airway evaluation
Failed extubation

Difficult intubation

Hemoptysis microbiological 
samples

Hemorrhage control

central airway obstruction removal of foreign body
Strictures, stenosis and airway 

lesions; prolonged mechanical 
ventilation

Guidance for percutaneous 
tracheostomy; dilation
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dLT position. BB is passed through a standard endotra-
cheal tube along with FB, under direct visualization, po-
sitioned in the bronchus that is supposed to be excluded 
from ventilation.21

percutaneous tracHeostomy

during percutaneous dilatational tracheotomy (PdT), di-
rect FB visualization reduces the incidence of complica-
tions (false airways, pneumothorax, subcutaneous emphy-
sema, posterior wall lesions, periprocedural bleeding).

Contraindications for procedure

contraindications to FB are due to patient’s severe critical 
ill conditions as severe hypoxia, hypercarbia, instable he-
modynamic status and alteration of fluids and electrolytes 
balance, summarized in Table ii.3, 7, 12

Complications

FB is considered a safe procedure, if carried out by an ex-
perienced bronchoscopist fully capable to judge risks and 
benefits in actual clinical scenarios, especially in critically 
ill patients. complications can be related to anesthesia 
or sedation, with FB or other reasons including ancillary 
techniques and are summarized in Table iii.7

fractures of the bronchial tree can be recognized on FB ex-
amination and suspected when fracture of clavicle, upper 
ribs, sternum, chest or lung contusions are present.15 Per-
sistent air leak despite thoracostomy tube and persistence 
of massive pneumothorax are an urgent indication for FB, 
as a main bronchus rupture could be present.12

aIrway InHalatIon Injury

Is a common condition in fire victims, it can be categorized 
in thermal or chemical injury and more often involves the 
upper airways. inhalation injury can be asymptomatic dur-
ing the first 72 hours and FB has to be performed early 
when there is a clinical suspicion. FB serial examinations 
of the airways allow the recognition the extent of inflam-
matory lesions and the early recognition of area of necro-
sis. FB examination can only explore the larger diameter 
portions of the bronchial tree whereas the involvement of 
distal airways can account for the severity of respiratory 
dysfunction.14, 16-18

lobar collapse

FB is used to restore airway patency in those regions of 
atelectasis when conventional treatments such as physio-
therapy and recruitment maneuvers failed.3 in addition to 
aspiration in the affected area, local instillation of normal 
saline or mucolytics can be administered to fluidify thick 
and tenacious secretions; use of routine FB after lung re-
section surgery has been reported not to be superior to 
standard treatments including physiotherapy and suction.19

aIrway management In dIffIcult IntubatIon

FB can be used for airway management of expected diffi-
cult patients to intubate in the operating theatre; it has been 
used as first approach for the intubation of the critically ill 
patients and higher success of first pass intubation have 
been reported. maintenance of spontaneous breathing dur-
ing FB intubation is crucial in patients predicted to be dif-
ficult to ventilate in order to avoid hypoxemia.20

one-lung ventIlatIon

OLV is commonly used during thoracic anesthesia, is sel-
dom used in icU if not in the case of air leak, broncho-
pleural fistula or lung transplant, or in case of monolat-
eral massive bleeding. OLV can be accomplished placing 
a double-lumen tracheal (dLT) tube in the airways or a 
bronchial blocker (BB).

dLT is usually inserted under laryngoscopy and FB is 
passed through the tracheal lumen to confirm the correct 

table II.— Risk conditions of flexible bronchoscopy in ICU.
respiratory and airway cardiovascular Other side effects

acute bronchospasm Hemodynamic 
instability (on 
vasopressor or 
inotropes)

coagulation disorders

Pneumothorax Unstable arrhythmias raised icP
Hypoxemia: Oxygen 

Saturation (<90% on 
FiO2=100)

acute ischemic 
changes

Severe acidosis 
pH<7.2

Tracheal tube internal 
diameter <8 mm 
(using FB 5.7 mm)

table III.— Complications of Flexible Bronchoscopy in ICU.
Local anesthesia Bronchoscopy Biopsy or brushing

• respiratory arrest
• cardiac failure
• convulsion

• airway obstruction
• Laryngospasm
• Bronchospasm
• Hypoxemia
• Hypotension
• Vasovagal reaction
• Pneumonia
• Pulmonary edema
• Hemorrhage

• Pneumothorax
• Hemorrhage
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pressure and TV are affected; altered cardiopulmonary in-
teractions can affect hemodynamic status as well.

in order to minimize the aforementioned responses, 
matching the correct size of the instrument with eTT tube 
is mandatory (Table V).

Arrhythmias may occur from the effects of hypoxemia 
and increased sympathetic tone during the examination, 
and can precipitate poor cardiac function.

Knowledge of the instruments

Knowledge of bronchoscopes and accessories are reported 
in the article entitled “Flexible bronchoscopy and basic bi-
opsy technique” available in this journal issue.5 Specific 
knowledge for intensivists and anesthesiologists can be 
summarized as follows:

Invasive and non-invasive interfaces

devices for bronchoscopy under mechanical ventilation 
are:

• supraglottic airway devices (Sads);
• endotracheal tubes and tracheostomy cannulae;
• univent tube;
• endotracheal dLT and endobronchial tube;
• hollow airway catheters.
Non-invasive ventilation (NiV) and facial masks are 

described here:
• endoscopic facial mask: these masks share the same 

basic design. They have two ports. One port is intended 
for instrument insertion provided with a soft silicone seal-
ing ring allowing passage of the endotracheal tube or the 
fiberoptic instrument with minimal leaks, while the other 
connects to ventilation circuit allowing assisted ventila-
tion through bag-mask unit, mapleson circuit or anesthesia 
machine. The silicone port can be located at the center of 
the mask or at the bottom, as for the Patil-Syracuse mask. 
in patients affected by mild-moderate respiratory failure, 
NIV is nowadays commonly performed as a first line treat-
ment to avoid intubation or re-intubation after weaning. 
Those patients may require FB for diagnostic or therapeu-
tic purposes. NiV can be preemptively adopted in subjects 
with impending respiratory failure, requiring FB. NiV can 

critically ill patients often receive analgesics or seda-
tive drugs to blunt stress response and to facilitate patient-
ventilator interaction. cautious titration of drugs adminis-
tration should aim to minimize airway reflexes avoiding 
systemic or cardiovascular side effects during FB. The 
same warning applies to lidocaine administration that 
should not exceed 7.0 mg/kg when used for topicalization 
due to potential severe side-effects such as methemoglo-
binemia, seizures or severe cardiac toxicity. Lipid emul-
sion, for rescue therapy, has to be promptly available.22

infective risks related to airway manipulation include 
bacteremia and fever, especially when dealing with immu-
nocompromised patients.23 Hypoxemia is more frequently 
reported and can be particularly severe in critical care. Hy-
poxemia is the result of alveolar collapse and saline instil-
lation as in BaL.

The presence of the FB itself causes a reduction of 
10 to 20 mmHg in PaO2 but a drop as high as 30 to 60 
mmHg has been described, mostly as a consequence of 
the marked fall in tidal volume (TV) and functional re-
sidual capacity (Frc). Basing on similar mechanism, also 
hypercarbia could appear, resulting in modification of pH 
and worsening of respiratory exchanges. Modification of 
both static and dynamic lung volumes may occur, and 
lung compliance decreases as a result of suctioning and 
surfactant wash-out due to saline instillation. This can be 
of significant concern in patients affected by pneumonia 
or ardS.1, 7

major pathological effects are listed in Table iV.
increase in airway resistance due to the partial obstruc-

tion of the FB is particularly severe in the intubated pa-
tients. Peak inspiratory pressure, positive end-expiratory 

table Iv.— Physiological alterations due to flexible bronchoscopy 
in ICU.

respiratory cardiovascular Other side-effects

• increase in airway 
resistance

• reduction of lung 
compliance

• Worsening of gas 
exchange (hypoxemia 
- hypercarbia)

• reduction or increase 
of cardiac output

• increase in hearth 
rate

• increase in 
pulmonary arterial 
pressure

• increase in 
intracranial pressure

table v.— Flexible bronchoscope and endotracheal tube diameters.
6.0 mm 7.0 mm 8.00 mm 9.00 mm

cross-sectional area of tube without bronchoscope; mm2 28.3 38.5 50.3 63.6
remaining tube area with bronchoscope in situ: mm2 6.8 17.0 28.7 42.1
Proportion of tube cross-section area obstructed 76.0% 55.8% 42.9% 33.8%
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Disposable FB systems

different kind of disposable instruments are today avail-
able: some manufacturers developed flexible video-endo-
scopes to be covered with single-use sheaths provided with 
suction/working channel. Other devices come as single-
use, in different sizes with or without operative channels 
for different purposes and to be connected to dedicated 
reusable monitors.

There is no evidence favoring one system over the other, 
and a certain number of studies underlining the potential 
advantages of single-use FB systems:

• no need for sterilization of the FB after use;
• reduction or abolishing of cross-infections (especially 

in critical care settings);
• potential reduction of costs (whereas any cost/benefit 

analysis should take account of settings, number of proce-
dures, indications);

• reduction of FB damage during training or specific 
procedures (i.e. percutaneous tracheostomy);

• potential increased availability of FB in remote loca-
tions, in low number of FB procedures settings with option 
for coupling with Sads for rescue intubation.

The effective performance of these devices needs to be 
compared with reusable FB in specific settings (i.e. FB 
intubation), taking account that specific procedures might 
or could not be performed with these devices (operative 
bronchoscopy, biopsies, eBUS, etc.).

Core basic skills

Basic skills are reported in the article entitled “Flexible 
bronchoscopy and basic biopsy techniques” available in 
this journal issue.5

Specific skills for the ICU must include:
• ability to choose appropriate sedation techniques 

and interfaces for awake patients on oxygen therapy (e.g. 
HFNc, NiV);

• safe administration of intravenous sedation and how 

also be maintained during FB with selected patient inter-
faces. in any case the procedure is at higher risk and has to 
be performed by an experienced operator.

access to the airways during NiV can be achieved:
• orally when patients are on Nasal cPaP;
• via endoscopic facemasks (Figure 1);
• attaching a T-adapter or a catheter mount with suc-

tioning port to a full-face mask.
Alternatively, High-flow nasal cannula (HFNC) can be 

used to deliver oxygen during FB.
mild sedation and local topicalization may be used, the 

latter performed by “spray as you go” technique while gen-
tly advancing the instrument through the patient’s airway.

Higher levels of oxygen supplementation are required, 
especially in the hypoxiemic patients, in whom a risk of 
procedural worsening and need of intubation has been re-
ported up to 8 hours after procedure.

repeated FB during NiV can be useful in cOPd pa-
tients unable to clear secretions to avoid endotracheal in-
tubation and invasive ventilation.24-26

Figure 1.—Endoscopic mask with a central orifice (A) for placement of 
bronchoscope and additional port (B) that can be connected to a circuit 
for non-invasive ventilation.

table vI.— Drugs for local anesthesia.
medication dose Onset Peak duration metabolism adverse effects Toxicity reversal agents

Benzocaine 10-20%
2-3 spray

15-30 sec 7 min 12-15 min Hepatic contact dermatitis, 
altered taste 
sensation

methemoglobinemia methylene blue if 
methemoglobinemia 
is present

Tetracaina Solution 0.25-0.5%
Total not to exceed 20 

mg. Nebulized 0.5% 
Total not to exceed 
20 mg

30 sec
5-10 min

1-10 min
8-15 min

30-150 min
30 min

Hepatic Bradyarrhythmia, 
hypotension, Gi 
upset

cardiac arrest, 
ventricular 
arrhythmias

VBm endoscopy mask
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plinary team, of any complications arising during the pro-
cedure (bleeding, pneumothorax, cardiac and respiratory 
complications);

• choice of the size of bronchoscope, devices for 

to reverse excessive sedation (Table VI, VII, VIII, IX);22

• safe administration of local anesthetic including ap-
preciation of potential toxicity (Table VI);22

• prevention and management, within the multidisci-

table vII.— Drugs for sedation and anesthesia: benzodiazepines.
medication dose Onset Peak duration metabolism adverse effects Toxicity reversal agents

midazolam 0.01-0.006 mg/kg iv bolus
1-2.5 mg iV in 2-5 minutes

0.5-1 min 5-10 min 1-2 h Hepatic Hypotension, 
respiratory 
depression, cNS 
depression, ataxia

respiratory arrest, 
coma

Flumazenil

diazepam 2.5-20 mg over 30 min 1min 8 min 1-3 h Hepatic respiratory 
depression, cNS 
depression, 
slurred speech, 
ataxia

Propylen glycol 
toxicity, 
respiratory arrest, 
coma

Flumazenil

Lorazepam Bolus: 1 mg/kg
continuous: 0.01-0.1 mg/kg/h

10-15 min 15-30 min 4-8 h Hepatic respiratory 
depression, cNS 
depression, aTN, 
lactic acidosis, 
ataxia

Propylen glycol 
toxicity, 
respiratory arrest, 
coma

Flumazenil

table vIII.— Drugs for sedation and anesthesia: opioids.
medication dose Onset Peak duration metabolism adverse effects Toxicity reversal agents

Fentanil 0.5-20 mcg/kg 5-10 min 1-2 h 1-2 h Hepatic respiratory 
depression, 
rigidity, 
bradycardia

respiratory arrest, 
hypotension, 
hypoxia, shock

Naloxone

alfentanil 5-10 mcg/kg immediate immediate 1-2 h Hepatic respiratory 
depression, 
rigidity

respiratory arrest, 
hypotension, 
hypoxia, shock

Naloxone

remifentanil induction: 0.1-1 mg/kg
maintenance 0.05-0.2 mg/kg/min

1-3 min 3-5 min 3-10 
min

Blood 
and tissue 
esterases

respiratory 
depression, 
rigidity, 
hypotension

respiratory arrest, 
hypotension, 
hypoxia, shock

Naloxone

table IX.— Drugs for sedation and anesthesia: others.
medication dose Onset Peak duration metabolism adverse effects Toxicity

Propofol Bolus 1 mg/kg, 05-3 mg/kg 
every 3-5 minutes

maintenance 25-75 mcg/kg/
min

30 sec 2 min 3-5 min Hepatic injection site irritation, 
bradycardia, 
hypotension, 
respiratory 
depression, muscle 
spasm

Propofol infusion 
syndrome, 
hypotension, 
hypoxia, shock 
cardiac arrest

Ketamine Bolus 1-4.5 mg/kg, in 1 
minute

maintenance 0.01- 0.03 mg/
kg/min

30-40 sec 1 min 5-10 min Hepatic Hypertension, 
tachycardia, 
apnea, laryngeal 
spasm, emergence 
hallucination, raised 
icP

coma, hearth failure, 
respiratory arrest, 
seizures

remifentanil Bolus 1 mcg/Kg over 10 min
maintenance 0.5-1 mcg/kg/h

1 min 15-30 min 1-2 h Hepatic Hypotension, 
bradycardia

Oversedation, 
hypotension

Dexmedetomidine Bolus 1 mcg/kg iV over 10 
minutes — maintenance 
0.6-0.7 mcg/kg/h iV

5-10 min 15 min 1-2 h Hepatic Bradycardia, 
hypotension
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tion, or in cases in which an unobstructed surgical field is 
beneficial (e.g. dental surgery);

• alternative option is preliminary insertion of eTT 
before FB, so to avoid the situation of difficult ET pas-
sage through upper airways despite FB being in trachea. 
The risk of bleeding and secretions limits this technique as 
both could hinder or worsen FB performance;

• if FOi includes the jaw thrust, tongue protrusion, po-
sitioning the scope in the midline of the pharynx during 
advancement, and rotating the eTT 90° counter-clockwise, 
if resistance is encountered during advancement, facilitate 
passage through the vocal cords;

• a laryngoscope blade or a dedicated oral airway can 
be used as an adjuvant to displace the tongue in order to 
facilitate bronchoscope and eTT passage;

• once the scope enters the trachea, it is advanced to the 
level of the mid-trachea, where a previously loaded eTT is 
then guided into the trachea;

• the eTT should be turned gently counter-clockwise 
with retraction and then re- advanced if resistance is en-
countered during placement;

• once the eTT is passed, a bronchoscopic view should 
verify placement, with optimal tube positioning 2–3 cm 
above the carina in an adult patient. The scope is then 
withdrawn as the tube is held in place by hand;

• finally, tube placement is checked by end-tidal carbon 
dioxide and auscultation and subsequently secured and 
connected to a circuit for ventilation;

• deep sedation should be achieved only after sure pas-
sage of the eTT beyond the vocal cords, especially in case 
of predicted difficult intubation/ventilation.

Fiberoptic intubation through supraglottic airway devices

Fiberoptic intubation through supraglottic airway device 
(Sad) can be the right solution in case of unpredicted dif-
ficult airway and failed intubation scenario, when SAD 
positioning is indicated to maintain adequate oxygenation. 
This technique has been shown to have a higher success 
rate than blind intubation through Sad in potentially dif-
ficult airway patient. It should be performed using a FB 
to minimize the risk of airway trauma. The second Sads 
generation, designed to support both ventilation and intu-
bation, have been claimed to minimize the risk of aspira-
tion of gastric contents.33 Several 1st and 2nd generation 
Sads are available to assist and facilitate FB intubation, 
either as planned and rescue technique. Use of this tech-
nique should be advised in case of a failed intubation sce-
nario with optimal ventilation granted through a rescue 
SAD and adequate experience in the technique. The re-

ventilation and modality of ventilation and oxygenation 
(Table V);

• ability to choose appropriate interfaces for patients on 
NiV (e.g. endoscopic facemask) or suitable bronchoscope 
for patients on invasive mechanical ventilation (endotra-
cheal or tracheostomic tube ideally at least 2 mm larger 
than bronchoscope diameter);

• replacing tracheostomy tubes and bronchoscopic 
evaluation in case of weaning and decannulation;

• performance of percutaneous tracheostomy with 
bronchoscopy guide;

• assessment of tracheal lesions (perforation, ring frac-
ture, granulomas, cicatricial stenosis);

• prevention and management, within the multidis-
ciplinary team, of any complications arising during the 
procedure (bleeding, pneumothorax, cardiovascular and 
respiratory complications).

Procedural steps for practical training

all bronchoscopic procedures should be performed after 
accurate check of needed drugs and devices using dedi-
cated check-lists and according to specific algorithms. 
The knowledge of devices, guidelines and algorithms is 
mandatory and must be complemented by non-technical 
skills. Finally, in addition to specific skills, it is essential 
to always outline the operational strategy with the team 
before starting any bronchoscopic procedure. This section 
focuses mainly on technical issues regarding the use of the 
FB. The reader is invited to consult the specific guidelines 
for the remaining aspects of the procedures described.

Awake fiber-optic intubation

Awake fiberoptic intubation (A-FOI) is the first-choice 
strategy in difficult airway patients, although emerging 
data suggest an important role also for videolaryngo-
scopes, including the awake intubation technique.27-29

main steps of a-FOi are:6, 30-32

• choice of the proper endotracheal tube (eTT); load-
ing the eTT and passing the bronchoscope through the 
eTT;

• introduction of the bronchoscope can be performed 
nasally or orally with an oral bite block in conscious pa-
tients with topical anesthesia alone, or in sedated or anaes-
thetized patients. in circumstances in which mask ventila-
tion may be difficult and risk of airway loss is high, a spon-
taneous breathing technique is preferred. a nasal approach 
is particularly useful in patients with a large tongue, lim-
ited mouth opening, receding lower jaw, or tracheal devia-
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• check that the level of anesthesia (or unconscious-
ness) is adequate before attempting insertion of Sad. The 
head of the patient, if possible, should be position extend-
ed with flexion of the neck in a position normally used for 
tracheal intubation (i.e. the “sniffing” position);

• stop face mask ventilation, keep the oropharyngeal 
space open, and insert the SAD in the oropharynx. Venti-
late the patient’s lungs until capnography curve confirms 
normal ventilation;

• insert the fob mounted with a well-lubricated, fully 
deflated ETT through the sad. Advance the FOB with the 
eTT into the trachea at its lower end until its position is 
2-3 cm above the carina;

• remove the scope, inflate the ETT cuff, connect the 
eTT to the breathing circuit and start ventilation.

if necessary, Sad removal is safer using an airway 
exchange catheter (AEC) or dedicated tools provided 
with some Sads (i.e. LMA Fastrach - Teleflex Medi-
cal or airQ, mercury medical). it serves as a guide if 
the tube accidentally comes out during the removal of 
the Sad. during this maneuver secure the eTT with the 
fingers in the oropharynx as soon as the SAD is out far 
enough.

IntubatIon tHrougH sads usIng tHe aIntree IntubatIon catH-
eter

The aintree intubation catheter (cook medical, Blooming-
ton, iN, USa) is a hollow and blunt-tipped catheter with 
an internal diameter of 4.7 mm. it has centimeter markings 
from 5 to 35 cm on the outside to help with placement. 
The catheter is long enough to fit completely over a flex-
ible bronchoscope, leaving enough space at the end of the 
scope for FB flexing and to navigate. An EET needs to be 
of an internal diameter of 7.0 mm or greater to accom-
modate the aintree intubation catheter (aic). The distal 
opening of aic has a small side hole on each side to pre-
vent ‘whipping’ of the catheter inside the patient’s airway 
if jet ventilation is used (recent papers anyway strongly 
discourage use of JV through airway catheters to avoid 
barotrauma).

The technique is not recommended for airway rescue, 
and should be performed as a stepwise process:33, 37

• select appropriate sizes of AIC, ETT and FB (maxi-
mum diameter 4.2 mm). Preload the aic onto the FOi, 
lubricating the outer surface of both;

• place appropriate SAD in oropharynx (LMA Supreme 
is not recommended for aic intubation);

• introduce the FB with loaded the aic through the 
Sad and advance it to 2-3 cm before the carina;

moval of Sad (if planned) after intubation might be tricky 
with some Sads and result in loss of airway. recent pa-
pers suggest the use of an oxygenated intubation technique 
through Sad combining use of catheter mount and eTT 
cuff inflation inside SAD during intubation maneuver.34

placement of endotracHeal tube tHrougH a sad

main steps for placement of an endotracheal tube through 
a Sad are (Figure 2):35, 36

• choose the size of the Sad on the patient’s weight 
according to the manufacturer’s recommendations. check 
for both lubrication of the airway channel and correct de-
flation of the cuff (the i-gel cuff is a soft gel-like non-in-
flatable cuff);

Figure 2.—Placement of endotracheal tube through a sovraglottic air-
way device. Second generation Laringeal mask airway (Lma, aur-
aGain™) equipped with integrated navigation marks to provide guid-
ance as to how far the flexible bronchoscope has been introduced (*). 
a, B) insertion of bronchoscope mounted with a well-lubricated, fully 
deflated ETT through the laryngeal mask; C) advancement of the ETT 
into the trachea with the bronchoscope at its lower end until its position 
was 2-3 cm above the carina (d).

a

d

B

c
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Bronchial blocker placement

Today, different BBs are available for lung isolation. each 
BB needs a specific insertion technique (not described in 
this context). Anyhow, the first step is always standard in-
tubation with a single lumen conventional endotracheal 
tube. Afterwards, the FB is inserted and a first inspections 
of the airway is performed. Finally, the BB is inserted and 
positioned with the FB. arndt BB (cook medical, Bloom-
ington, iN, USa) is guided in place using the guide loop 
coupled with the FB (Figure 4). Other BBs, like cohen 
(cook medical), Uniblocker (Fuji Systems corporation, 
Tokyo, Japan) and EZ-blocker (Teleflex Medical Ltd, Ath-
lone, ireland), are placed under direct FOB vision. The BB 
correct position must be checked again after patient posi-
tioning and throughout surgery if necessary.

Percutaneous dilatational tracheostomy

Tracheostomy is one of the most commonly performed 
procedures in critically ill patients requiring long-term me-
chanical ventilation. Percutaneous tracheostomy (PT) has 
gained widespread acceptance and has replaced surgical 
tracheostomy as the technique of choice in many icUs.40-43 
Several percutaneous methods, i.e. ciaglia single/multiple 
dilators, Fantoni, Griggs, Frova’s Percu TwistTm (Teleflex 
medical), ciaglia Blue dolphinTm (cook medical) use a 
modification of the Seldinger technique; in addition, iden-

• remove only the FB;
• deflate SAD cuff and start withdrawing it taking care 

not to advance the AIC (ensure that it never exceeds 26 
cm from the lips). apply counter pressure to the aic and 
remove Sad;

• using a laryngoscope, railroad the eTT over the aic, 
maintaining the tip orientation anteriorly and advance it 
into the trachea;

• confirm ventilation with capnography, remove the 
AIC and, if possible, check the final position of ETT with 
FB.

The aic can be used also for FB-guided placement or 
exchange of endotracheal or nasotracheal tubes.

Airway management in anesthesia for thoracic surgery

Airway management for thoracic surgery requires specific 
skills for dLT and bronchial blocker (BB) placement. dLT 
is usually preferred to BB because it allows both lung iso-
lation and separation.38 BB, placed through standard single 
lumen tube, is the best choice in case of difficult airway.39 
Bronchoscopy is considered essential to confirm the right 
position of dLTs and BBs.

Double lumen tube placement

The dLT placement aims to position the bronchial lumen 
in the correct bronchus (left or right) allowing the tracheal 
lumen to ventilate the opposite bronchus. The right dLT is 
more difficult to put in place because of the risk of occlu-
sion of the right upper lobe bronchus.
main steps of FOB-guided dLT placement:

• select appropriate size of dLT and FOB;
• perform tracheal intubation with the use of laryngo-

scope/videolaryngoscope;
• advance the dLT until a slight resistance is perceived;
• after adequate lubrication of the FOB, introduce it 

into the tracheal lumen of the dLT and identify the carina;
• verify the correct position of the bronchial lumen (the 

bronchial cuff must be barely visible) (Figure 3);
• verify the patency of the bronchus;
• repeat the FOB control after patient position changes 

and throughout the intervention if necessary.
Some anesthesiologists prefer to introduce the dLT in 

the trachea and to guide it into the desired bronchus using 
the FOB introduced in the bronchial lumen.

if a right dLT is used, the FB is useful to adjust the 
depth of the bronchial lumen, taking care to ensure the cor-
rect position of the ventilation slot for the right upper lobe 
bronchus.

Figure 3.—Bronchoscopic check 
of the correct position of a left 
dLT in a mannequin model. The 
FB is inserted in the tracheal lu-
men. in the small image the right 
main bronchus is patent while the 
bronchial lumen of the dLT is 
correctly placed in the left main 
bronchus (the blue bronchial cuff 
is slightly visible).

Figure 4.—Bronchoscopic check 
of the correct position of an arndt 
bronchial blocker in a mannequin 
model. The FB is inserted through 
the bronchoscopy port of the air-
way adapter. in the small image 
the left main bronchus is patent 
while the BB is correctly placed 
in the right main bronchus (the 
blue cuff is inflated).
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tification of the optimal PT technique in critically ill pa-
tients remains unclear. Bronchoscopic guidance of PdT is 
increasingly recommended as a safety measure facilitating 
the choice of the correct tracheostomy site, trans-illumi-
nation for blood vessels identification, verification of the 
intra-tracheal guidewire and dilator placements, position-
ing of the tracheal cannula. it has been shown that neck ul-
trasound is not inferior to bronchoscopy in terms of major 
complications and procedure duration, but this technique 
does not provide a view of the posterior wall of the tra-
chea44 and cannot be used during dilation phase. recent 
papers suggest the use of both techniques, indicating they 
cannot be mutually exclusive.45

The ciaglia’s PdT is between the most common ap-
proaches.46-48 Whichever PT procedure requires a trained 
multidisciplinary tracheostomy team:48 an operating phy-
sician to perform tracheostomy, a physician managing 
bronchoscope and airways, an assistant holding the eTT 

Figure 5.—Percutaneous dilatational tracheostomy (PdT). Tracheal 
landmarks (a). Broncoscope is inserted distally trough the eTT (B) until 
the point of the anterior neck incision (a). insertion of introducer needle 
(c) with endoscopic view (d). insertion of dilator (e) over wire with 
endoscopic view (F).

Figure 6.—Percutaneous dilatational trache-
ostomy (PdT). insertion of dilator over wire 
(a) with endoscopic view (B). Tracheostomy 
tube (c) insertion over introducer (d, e) with 
endoscopic view (F).
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• withdraw the needle leaving the cannula in place and 
insert Seldinger guidewire through the cannula;

• dilate the insertion site using a small tracheal dilator;
• withdraw the tracheal puncture cannula and insert a 

stiffer cannula guide over the guidewire. Use the single, 
graduated and sharply tapered dilator with a hydrophilic 
coating and dipped in water-based jelly, for complete dila-
tation in one step. Load the complete assembly over the 
guidewire and advance as a unit into trachea;

• after adequate dilatation, dilator is removed and tra-
cheostomy tube with appropriate adapter is inserted into 
trachea over the guiding catheter;

• remove the guidewire assembly and leave the trache-
ostomy tube in place. connect tracheostomy tube to the 
ventilator, remove the bronchoscope from eTT and insert 
it into tracheostomy tube to confirm correct placement. Se-
cure the tracheostomy tube to the neck;

• insert again the bronchoscope into the ETT, deflate 
the cuff, withdraw eTT and check supra-stomal trachea 
and glottic space.

Theoretical and practical training

Bronchoscopy in icU and anesthesiology setting need dif-
ferent levels of competence. Firstly, trainees must learn 
airway management techniques and algorithms (predicted 
and unpredicted difficult intubation, SADs insertion). Af-
terwards, trainees must devote to advanced FOB-based 
techniques like intubation through Sads, dLTs and BBs 
placement, icU diagnostic and therapeutic techniques, 
and PT.49

many resources are available for training purpose:
• printed and multimedia resources concerning airway 

management are easily available. a simple online bron-
choscope simulator is freely available too (www.thoracic-
anesthesia.com). even apps for smartphone are available 
for training purpose (i.e. double Lumen app by crystal 
clear Solutions, a simulator for dLTs and BBs position-
ing);

• skill simulation and task training on plastic simula-
tors (e.g. airway mannequins for intubation, FOi and Sad 
insertion: Laerdal airway Trainer, ambu airway manage-
ment Trainer, Trucorp airSim; airway mannequins for 
tracheostomy: Trucorp airSim advance combo bronchi, 
Trucorp airSim combo X);50-54

• simulation with virtual simulators and model Fidel-
ity (e.g. Simbionix BRONCH Mentor, AccuTouch Virtual 
reality Bronchoscopy Simulator, Orsim Operating room 
Simulation);55-59

• training on animal model60 and cadaver;37, 61, 62

and a paramedical staff who assists with the bronchoscope, 
monitoring the vital signs and administering medication.

main steps of ciaglia Blue rhino technique47, 48 (Figure 
5, 6, 7):

• interrupt in adequate advance enteral nutrition, if any;
• sedate and paralyze the patient before positioning. Keep 

patient on ventilation and 100% FiO2. continuously moni-
tor vital signs, pulse oximetry and ventilator parameters;

• prepare the surgical field with antiseptic agents and 
drape it. check all parts of the tracheostomy set;

• properly position the patient. Extend the neck for bet-
ter tracheal. Verify the anatomy and identify the site of in-
sertion (preferentially between either the first and second 
or the second and third tracheal rings). a pre-procedure 
ultrasound should be done if anatomy is not clear (e.g., 
morbid obesity) and to seek for pretracheal vessels;

• insert the FB in eTT with adequate swivel or port al-
lowing maintenance of adequate ventilation; deflate the 
eTT cuff and withdraw eTT under FB view until cuff is 
visualized just below vocal cords and anterior neck inci-
sion is transilluminated, then reinflate the cuff;

• infiltrate the skin of surgical site with local anesthetic 
containing a vasoconstrictor;

• make a 2-cm transverse incision at the proposed in-
sertion site;

• insert a 14-gauge cannula-over-the-needle through 
the skin incision with non-dominant hand stabilizing the 
trachea during the process and under FB guidance, aspi-
rating for air. Tracheal placement of needle is confirmed 
by aspirating air bubbles into the saline filled syringe at-
tached to the needle, and by direct visualization through 
the bronchoscope;

Figure 7.—Percutaneous dilata-
tional tracheostomy (PdT). Tra-
cheostomy cannula in final position 
(a) with endoscopic view (B), the 
broncoscope is removed from eTT 
(c). removal of the tracheal tube 
(d). Tracheostomy connected to 
ventilation support system (e).
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determined checklist of a specific task on the use of FB in 
icU (e.g. PdT-STaT, Percutaneous dilatational Tracheos-
tomy Skill and Task assessment Tool).69

Outcome assessment

The outcome assessment is based on:
• percentage of complications from the operative room 

register;
• ability to introduce the bronchoscope: >90%;
• measures of performance of a specific task on the 

use of FB in icU (time to task completion, number of at-
tempts).

Competence maintenance (by logbook)

Number of procedures/year:
• bronchoscopy via nasal and oral route and via trache-

ostomy and eTT: 25/year,72 50/year;71

• difficult intubation: unknown.
retraining should be undertaken to maintain knowledge 

and procedural skills on a yearly basis after a high-fidelity 
simulation practice:56

• double lumen tube: unknown;
• tracheostomy: 10/year.78

Bronchoscopy in thoracic surgery

a thorough understanding of the role of bronchoscopy is 
needed in the diagnostic evaluation and management of 
patients with benign and malignant disorders of the chest. 
Pulmonary and thoracic surgery trainees have a different 
bronchoscopic approach. Pulmonary fellows may be more 
focused on the diagnostic and palliative management of a 
particular chest disorder; thoracic surgery trainees focus 
on the information that endoscopic findings can give them 
regarding surgical treatment. at the moment, there are no 
reports in the literature evaluating the level of proficiency 
of recently graduated thoracic surgery trainees, but it is 
highly unlikely that most are fully competent in advanced 
therapeutic bronchoscopy at the completion of their resi-
dency. The american Board of Thoracic Surgery (aBTS) 
requires resident-trainees in the general thoracic surgery 
track to perform bronchoscopic diagnostic procedures, in-
cluding simple procedures such as inspective bronchosco-
py, BaL and endobronchial or transbronchial biopsy, and 
therapeutic procedures including “core out” of tumor, la-
ser, dilatation of strictures, stent placement, and photody-
namic therapy, or other interventions such as cryotherapy, 
electrocautery, or argon plasma coagulation.68, 79, 80

• training on the patient with a tutor and then under su-
pervision: a video monitor for larger image display may be 
most effective for the novice or trainee;51, 63, 64

• non-technical skill and teamwork simulation: the 
simulation and practice of crisis management may be as 
important as technical skill learning with any particular 
airway technique. Algorithms developed for difficult air-
way management as well as preplanned strategies may be 
most useful during such clinical scenarios.65, 66 a course on 
bronchoscopy in anesthesia and critical care settings must 
include an introductory session, ending in a quantitative 
and qualitative competence assessment on flexible bron-
choscopy and basic techniques and then a specific session 
on the topic.

Quantitative and qualitative assessment

Quantitative assessment

There is no uniform mandatory requirement for the opti-
mum number of procedures, which should be done under 
supervision and trained on simulators before undertaking 
bronchoscopy alone during anesthesia or icU procedures. 
Predominantly, the recommendations consist in expert 
opinions and depend on the complexity of the procedure 
being undertaken.67-70

Number of procedures that should be undertaken under 
supervision:

• bronchoscopy via nasal and oral route and via trache-
ostomy and eTT: 50-100;71, 72

• nasotracheal FOi: 45;73

• difficult intubation: unknown.
FB intubation is best accomplished by those clinicians 

who use a bronchoscope in their daily practice.6 Some 
have suggested that an acceptable level of expertise may 
be achievable after 10 FOi on anesthetized patients31, 74-76 
and 15-20 intubations on awake patients with normal anat-
omy.74, 75 due to lack of standardization for this skill ac-
quisition, the actual level of competence following train-
ing is difficult to assess:

• double lumen tube positioning: 22-38;77

• tracheostomy: 20 supervised procedures.48, 70, 72, 78

Qualitative assessment

The qualitative assessment includes:
• multiple choice questions (mcQ);
• case-based questionnaire;
• case-based discussion (cBd);
• simulated assessment;
• direct observation of procedural skills (dOPS): pre-
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The trainee should pay particular attention to:
• lung cancer and mesothelioma: radiographic and ul-

trasound chest imaging, diagnosis and staging;
• pneumothorax and pleural effusion;
• emphysema and lung volume reduction surgery 

(LVrS);
• lung transplantation;
• tracheal stenosis.
a thorough knowledge of airways anatomy of bronchial 

tree, lung parenchyma, vascularization of lung, bronchi 
and thoracic wall, and their anatomical variants is re-
quired. The trainee should have the familiarity with prin-
cipal surgical techniques and the ability to select the most 
appropriate treatment option;92, 93 he/she should be famil-
iar with diagnosis of peri- and postoperative complications 
diagnosis and management.

Technical knowledge of flexible and operative bron-
choscopy, interventional endo-sonography, pleural proce-
dures, endoscopic and surgical emphysema treatment are 
needed, in particular:

• insertion and management of chest drainage;
• rigid bronchoscopy and positioning of stent, valves 

and coils;
• glues and reabsorbable materials;
• thoracoscopy and video-assisted thoracoscopy 

(VaTS);
• mediastinoscopy;
• laryngoscopy.

Core basic skills

The core basic skills are described here:
• expertise in the clinical evaluation and management 

of the main respiratory diseases; active participation in 
the multidisciplinary team — including pulmonologist, 
radiologist, oncologist, thoracic surgeons, etc. — in mak-
ing the best diagnostic and staging evaluation and final 
decision;

• competency in flexible and, optionally, rigid bron-
choscopy;

• preoperative assessment in lung cancer: inspection 
bronchoscopy, including Narrow Band imaging (NBi) and 
eBUS, in order to select the most appropriate treatment 
option; histology diagnosis of the lesion and assessment of 
the planned resection margins, including evaluation with 
multiple biopsies of submucosal infiltration; evaluation of 
lung sparing surgery; evaluation of the bronchial caliber 
for possible discrepancies;

• diagnosis, evaluation and treatment of tracheal ste-
nosis: when considering tracheal resection for benign and 

This section describes the knowledge and skills that 
both pulmonologists and thoracic surgeon fellows must 
master. Some procedures are prevalently related to pul-
monology (e.g. eBUS/eUS), but they must become part 
of the knowledge of a thoracic surgeon as well; while 
the interventional pulmonology fellows must become 
acquainted with others, although they are prevalently 
surgical in nature. it is therefore fundamental that train-
ing sessions are organized jointly, with an exchange of 
experiences between the two. The tools for the practi-
cal training include low and high-fidelity simulators, al-
though non-technical skills and teamwork simulation are 
recommended.

Knowledge of the diseases and instruments

Indications for procedures

indications are usually divided in three sections:
• preoperative bronchoscopy includes procedures for 

the diagnosis and the acquisition of information regarding 
surgical treatment of pulmonary resection. in particular, 
diagnostic bronchoscopies are now fundamental for the 
correct diagnosis and staging of the malignant lesion, with 
diagnosis of central or peripheral neoplasm, and staging of 
lymph nodes involvement. For the diagnosis, we must re-
make the role of basic procedures such as biopsies with for-
ceps or TBNa of the visible lesion; for peripheral lesions 
an undoubted role is played by fluoroscopy and other guid-
ance tools as radial eBUS, endobronchial navigation bron-
choscopy (eNB), ultrathin bronchoscopy and the combina-
tion of all these instruments. For the correct staging of the 
lesion, a complete evaluation should provide the integra-
tion of radiological and metabolic exams (positron-emis-
sion tomography [PeT]) with cytological samples obtained 
from lymph nodes with fine needle or histologic TBNA. 
For completeness, the possibility to review and re-examine 
images recorded during bronchoscopy is fundamental for 
the thoracic surgeon in order to define correct position and 
characteristics of the lesion with endobronchial tree;81-86

• during surgical procedure: sometimes the bronchos-
copy support is needed for the correct placement of dLT, 
Univent, endobronchial tubes or BB;39

• postoperative bronchoscopies are usually performed 
to evaluate and treat surgical complications; in particular 
for hemorrhagic complications, to remove endobronchial 
mucus plugs and clots, to evaluate suture-related com-
plications, to diagnose broncho-pleural fistulae, tracheo-
bronchial stenosis, to collect specimens for microbiologic 
cultures.87-91
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Quantitative and qualitative assessment

Quantitative assessment

Number of procedures are:
• for interventional pulmonologists: 100;
• for thoracic surgeons: the american Board of Thorac-

ic Surgery (aBTS) requires resident-trainees in the gen-
eral thoracic surgery track to perform 40 bronchoscopic 
procedures: 30 simple diagnostic procedures, including 
airway inspection, BaL, and endobronchial or trans-bron-
chial biopsy, and 10 therapeutic procedures (an established 
practice in most thoracic surgery programs is to perform 
intraoperative bronchoscopy in almost all patients under-
going thoracic surgical procedures).

Qualitative assessment

Qualitative assessment includes:
• multiple choice questions (mcQ);
• case-based questionnaires;
• direct observation of procedural skills (dOPS) for 

flexible and rigid bronchoscopy.

Competence maintenance

Number of procedures/year: an established practice in 
most thoracic surgery programs is to perform intraopera-
tive bronchoscopy in almost all patients undergoing tho-
racic surgical procedures.

Bronchoscopy in lung transplantation

Lung transplantation is a well-established treatment for 
end-stage lung diseases, offering patients a potential in-
crease of survival and improvement of quality of life.94, 95

in lung transplantation bronchoscopic procedures are 
pivotal in pre-transplant selection of the donor and in 
the post-operative management, in particular in diagno-
sis and treatment of post-transplantation complications: 
airway stenosis, fistulas, infections, acute and chronic re-
jection.96-101 Traditional diagnostic bronchoscopy is per-
formed in case of regular monitoring examinations (for the 
scheduled follow-up or for the early diagnosis of compli-
cations) or “as needed”, based on clinical necessities.95-105 
Overall, both early diagnosis of rejection or infections, in 
particular viral ones, and evaluation of the balance between 
infection and immunity response, lead to changes in treat-
ment plans in 60% of diagnostic protocols.106 Bronchial 
and trans-bronchial biopsies are crucial in the diagnosis of 

malignant pathology; accurate measurements of normal 
and abnormal airway must be taken with rigid broncho-
scope;

• diagnosis and treatment of surgical complications 
with flexible and rigid bronchoscopy, thoracic ultrasound 
and pleural procedures.

Procedural steps for practical training (check list)

Procedural steps for flexible and rigid bronchoscopy are 
reported in the articles entitled “Flexible bronchoscopy 
and basic bi opsy technique” and “Operative bronchosco-
py” available in this journal issue.5 Specific knowledge for 
thoracic surgery are the steps involved in the measurement 
of tracheal stenosis for resection. The rigid bronchoscope, 
with telescope inserted almost to the end, is used to mea-
sure the distance from the carina to the inferior margin, 
superior margin, and inferior border of the cricoid. This 
is done starting distally and moving proximally. A ruler 
measures a proximal fixed point from the bronchoscope to 
the incisors. This allows the surgeon to make a schematic 
drawing showing relative distances between the carina and 
the distal margin of the lesion, the length of the lesion, and 
between the proximal margin of the lesion and the cricoid 
cartilage.

Hands-on practical training

Training for flexible and rigid bronchoscopy are reported 
in the articles entitled “Flexible bronchoscopy and basic 
bi opsy technique” and “Operative bronchoscopy” avail-
able in this journal issue.5 

Specific for bronchoscopy in thoracic surgery:
• preoperative bronchoscopy: for diagnostic proce-

dures; interventional pulmonologists should assist at least 
at 25 lobectomies and sleeve lobectomies; case-based dis-
cussion of patients eligible for planned procedures; par-
ticipation at tumor board meetings;

• for diagnosis and treatment of surgical complica-
tions: observer at course in Thoracic Surgery Unit where 
are performed at least 100 procedures/year, being present 
in operating room twice a week for 4 weeks, to observe 
surgical procedures and to position chest drainage under a 
surgeon supervision; video-forum on emergency and elec-
tive surgery cases; use of video-systems for tutoring, as 
well as the most recent disposable bronchoscopes; skill 
simulation or task training and non-technical skill team 
simulation.

• training on diagnosis and treatment of late surgical 
complications (i.e. tracheal stenosis) and LVrS.
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ologist, radiologist, oncologist, thoracic surgeons, etc., is 
crucial for the selection of candidates and case discussion 
of clinical problems. among other skills required for the 
optimal clinical management of the patient, the physi-
cian should be competent in evaluation and management 
of timing of complications’ development (i.e. ischemia-
reperfusion injury, acute and chronic rejection, bacterial, 
viral and mycotic and parasitic infections, anastomotic 
complications) and management of post-transplantation 
complications with flexible and rigid bronchoscopy.

concerning technical skills, the pulmonologist who 
works in a lung transplantation team needs competency 
in: flexible and rigid bronchoscopy with particular compe-
tence in bronchial and trans-bronchial biopsies, mechani-
cal dilatation, stent choice and positioning (optional and 
under evaluation: trans-bronchial cryobiopsies because 
not performed in all centers); endoscopic lung volume 
reduction procedures for the management of native lung 
hyperinflation in single lung transplantation for COPD and 
of prolonged postsurgical air leaks.

Procedural steps for practical training

Procedural steps include three specific phases.
Preoperative evaluation of the graft:
• exclusion of bronchial lesions and full evaluation of 

microbiology and cytology of recipients of organs, to be 
done during the initial selection stages; this phase could 
be repeated during ex-vivo lung perfusion reconditioning 
procedure of the explanted organ;

• exclusion of purulent secretion in the donor.
during transplantation procedure:
• evaluate surgical sutures with particular attention to 

donor-recipient diameter discrepancy of main bronchi, 
ischemia of the mucosa, completeness of sutures.

during follow-up of the transplanted patient:
• performance of FB in acute and chronic rejection;
• performance of rigid bronchoscopy and stent posi-

tioning and dilations procedures; management and surveil-
lance of pulmonary and bronchial infections;

• indications for bronchoscopy in icU.

Hands-on practical training

in addition to general theoretical and practical training, 
common to all procedures, there are specific practical 
training for bronchoscopy in lung transplantation:

• for FB and relative procedures;
• course in Lung Transplantation Unit where at least 20 

transplantations/year are performed, participating in pre- 

lymphocyte bronchitis-bronchiolitis and acute or chronic 
rejection; recently cryobiopsies have been introduced in 
some centers for the trans-bronchial surveillance of acute 
and chronic rejections, providing larger samples to ana-
lyze,107-110 but the use in follow-up procedures seems to be 
difficult to manage in daily clinical practice because of the 
need of rigid procedures; the management of surgical and 
anastomotic complications requires a considerable experi-
ence with rigid bronchoscopy.111

Knowledge of the diseases and instruments

indication for the procedures are:
• pretransplant evaluation of recipient: microbiological 

and cytomorphological sampling;
• pretransplant evaluation of lung donor: microbiologi-

cal sampling;
• during transplant: evaluation of surgical sutures and 

microbiological sampling;
• post-transplant: microbiologic and cytomorphologic/

histologic surveillance on the basis of surveillance scheme 
of each lung transplantation center;

• post-transplant: management of airways complica-
tions; diagnosis of oncologic complications (i.e. lung can-
cer, lymphomas).

Trainee must have experience on general pulmonology 
pathologies and on cystic fibrosis, pulmonary hyperten-
sion, respiratory infections and indications for lung trans-
plantation; among specific knowledge, the physician needs 
a particular experience on: imaging interpretation, surgical 
techniques of lung transplantation, technical knowledge on 
flexible and operative bronchoscopy, endoscopic and sur-
gical treatment of emphysema, clinics of lung transplanta-
tion (onset times of complications from re-perfusion, pri-
mary graft dysfunction, acute and chronic rejection, anas-
tomotic complications, bacterial, viral, mycotic and para-
sitic infections, immunosuppressive regimens of induction 
and maintenance employed to reduce the rate of rejection 
and infection-related complications, management of wait-
ing list ranked by lung allocation score), interpretation of 
BaL, eBB and TBB specimens, local epidemiology of in-
fections.79, 112-115

Core basic skills

The lung transplantation team needs some skills relative 
to the management of the patient; in particular the physi-
cians need expertise in the clinical evaluation and manage-
ment of respiratory diseases; an active participation in the 
transplantation multidisciplinary team, including pulmon-
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tive cultures of respiratory secretions for clinical outcomes in patients 
with ventilator-associated pneumonia. cochrane database Syst rev 
2012;1:cd006482.
11. du rand ia, Blaikley J, Booton r, chaudhuri N, Gupta V, Khalid S, 
et al.; British Thoracic Society Bronchoscopy Guideline Group. British 
Thoracic Society guideline for diagnostic flexible bronchoscopy in adults: 
accredited by NICE. Thorax 2013;68(Suppl 1):i1–44. 
12. raoof S, mehrishi S, Prakash UB. role of bronchoscopy in modern 
medical intensive care unit. clin chest med 2001;22:241–61, vii. [vii.] 
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1972;27:188–94. 
15. cassada dc, munyikwa mP, moniz mP, dieter ra Jr, Schuchmann 
GF, enderson BL. acute injuries of the trachea and major bronchi: impor-
tance of early diagnosis. ann Thorac Surg 2000;69:1563–7. 
16. Bingham HG, Gallagher TJ, Powell md. early bronchoscopy 
as a predictor of ventilatory support for burned patients. J Trauma 
1987;27:1286–8. 
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B. Fiberoptic bronchoscopy for the early diagnosis of subglottal inhala-
tion injury: comparative value in the assessment of prognosis. J Trauma 
1994;36:59–67. 
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19. Jaworski a, Goldberg SK, Walkenstein md, Wilson B, Lippmann 
ML. Utility of immediate postlobectomy fiberoptic bronchoscopy in pre-
venting atelectasis. chest 1988;94:38–43. 
20. ma Kc, chung a, aronson Ki, Krishnan JK, Barjaktarevic iZ, Ber-
lin da, et al. Bronchoscopic intubation is an effective airway strategy in 
critically ill patients. J crit care 2017;38:92–6. 
21. merli G, Guarino a, della rocca G, Frova G, Petrini F, Sorbello m, et 
al.; SIAARTI Studying Group on Difficult Airway. Recommendations for 
airway control and difficult airway management in thoracic anesthesia and 
lung separation procedures. minerva anestesiol 2009;75:59–78, 79–96.
22. mccambridge aJ, Boesch rP, mullon JJ. Sedation in Bronchoscopy: 
a review. clin chest med 2018;39:65–77. 
23. Um SW, choi cm, Lee cT, Kim YW, Han SK, Shim YS, et al. Pro-
spective analysis of clinical characteristics and risk factors of postbron-
choscopy fever. chest 2004;125:945–52. 
24. maitre B, Jaber S, maggiore Sm, Bergot e, richard Jc, Bakthiari H, 
et al. Continuous positive airway pressure during fiberoptic bronchoscopy 
in hypoxemic patients. A randomized double-blind study using a new de-
vice. am J respir crit care med 2000;162:1063–7. 
25. antonelli m, Pennisi ma, conti G, Bello G, maggiore Sm, michetti 
V, et al. Fiberoptic bronchoscopy during noninvasive positive pressure 
ventilation delivered by helmet. intensive care med 2003;29:126–9. 
26. Baumann HJ, Klose H, Simon m, Ghadban T, Braune Sa, Hennigs 
JK, et al. Fiber optic bronchoscopy in patients with acute hypoxemic re-
spiratory failure requiring noninvasive ventilation—a feasibility study. 
crit care 2011;15:r179. 
27. rosenstock cV, Thøgersen B, afshari a, christensen aL, eriksen 
C, Gätke MR. Awake fiberoptic or awake video laryngoscopic tracheal 
intubation in patients with anticipated difficult airway management: a ran-
domized clinical trial. anesthesiology 2012;116:1210–6. 
28. Ahmad I, Bailey CR. Time to abandon awake fibreoptic intubation? 
anaesthesia 2016;71:12–6. 
29. Lewis SR, Butler AR, Parker J, Cook TM, Schofield-Robinson OJ, 
Smith aF. Videolaryngoscopy versus direct laryngoscopy for adult pa-
tients requiring tracheal intubation: a cochrane Systematic review. Br J 
anaesth 2017;119:369–83. 
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and post-transplantation bronchoscopy procedures in the 
operating room, in the icU for microbiology and anastomo-
sis monitoring procedures, in resuscitation-related proce-
dures, in the pulmonology ward for follow-up procedures;

• case-based discussions on patients eligible for opera-
tion;

• participation at Lung Tumor Board meetings discuss-
ing lung transplantation;

• for anastomotic complications;
• non-technical skills scenarios.

Qualitative and quantitative assessment

Quantitative assessment

Assessment criteria for Flexible bronchoscopy and basic 
biopsy technique and Operative brochoscopy procedures 
are discussed more in detail elsewhere in this special issue. 

In order to reach the specific competence for lung trans-
plantation, we suggest a learning curve at least 20% longer.

Qualitative assessment

Qualitative assessment includes:
• mcQ;
• case-based questionnaires;
• DOPS for flexible and rigid bronchoscopy.
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