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A B S T RAC   T
In clinical practice, interventional pulmonologists face several situations which can lead to dramatic consequences especially regarding ventila-
tion and require immediate intervention. We describe the main pathological conditions where an urgent bronchoscopy is crucial because they act 
through mechanisms such as airway obstructions or alteration of the anatomic integrity of the tracheobronchial tree. We point out the problems 
resulting from inhalation of foreign bodies, one of the most dramatic respiratory emergencies typical in childhood which needs not only the ap-
propriate endoscopic equipment suitable for the age, but also great experience in the management of the possible related complications. Massive 
hemoptysis is then discussed in order to help to choose the right endoscope and to clarify the steps requested to face this dramatic event. Lastly, 
iatrogenic tracheal injuries are described, in spite of their low occurrence. The correct endoscopic assessment of the lesions enables to select 
the proper multidisciplinary therapeutic approach together with surgeons and anesthetists. Due to their peculiarities, emergencies do not allow 
classic training so it is difficult to estimate the procedure volume necessary to achieve an adequate endoscopic experience. We think, in this field, 
it is advisable to refer to numbers proposed for elections endoscopic procedures. For these reasons, we consider desirable the use of simulators 
and clinic case discussions during interventional pulmonologist’s training.
(Cite this article as: Simonassi CF, Majori M, Covesnon MG, Brianti A, Lazzari Agli L, Meoni E, et al. Competence in pulmonary endoscopy emer-
gencies. Panminerva Med 2019;61:386-400. DOI: 10.23736/S0031-0808.18.03543-7)
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There are many clinical entities representing a pulmo-
nary endoscopic emergency, but two are the main 

pathophysiology mechanisms: obstruction of the central 
airway and the lost of anatomical barriers of the respira-
tory tract in the tracheo-bronchial lesions by trauma or by 
iatrogenic complications.

The main causes of the airway obstruction are deter-
mined by foreign body inhalation, massive hemoptysis, 
organic stenosis and atelectasis by secretion (after surgery 
or in chronic neuromuscular disease).

In this review we will discuss about foreign body inha-
lation, massive hemoptysis and iatrogenic tracheal injury.

Although in the late adulthood incidental inhalation of 
food may occur as the result of dysphagia associated to 
neurologic disease, a significant proportion of cases of tra-

cheobronchial foreign body aspiration is observed during 
childhood. This kind of respiratory emergency is described 
in the section dedicated to pediatric emergency.

Massive hemoptysis is described in the endoscopic 
emergencies in adult people because it is rare in youth.

Lastly we will discuss iatrogenic tracheal injury (ITI), 
a rare condition which can complicate tracheal intubation.

Inhaled foreign bodies in childhood

Pediatric airway emergencies which require urgent bron-
choscopic management include difficult airway (par-
ticularly in critically ill children and/or with craniofacial 
anomalies and polymalformative syndromes)1 and inhala-
tion of foreign bodies (FBs). Massive hemoptysis is much 
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eating, their lack of molar teeth with poorer chewing, and 
their immature laryngeal reflexes.3

Organic materials, such as nuts (Figure 2) and seeds 
(Figure 3) are the most frequently inhaled FB (67% of 
cases).4 Organic FBs can expand from bronchial secre-
tions and worsen obstruction; moreover, materials with a 
high oil content (such peanuts) can also cause mucosal in-
flammation and accumulation of bulky granulation tissue 
leading to complication such as tracheobronchial mucosal 
bleeding during the extraction procedure.

The most common anatomic location for a FB is the 
mainstem bronchi (80-90%), followed by the trachea (3-
12%), and the larynx (2-12%). The most frequent location 
in the right bronchial tree (60% of cases) is due to its close 
proximity to the vocal cords, more vertical disposition and 

less common than in adults, although especially in immu-
nosuppressed children with opportunistic infections may 
occur (Figure 1).

Knowledge of the disease

The inhalation of foreign body is a significant cause of 
morbidity in children: the complication rate is of 16% with 
4.4% cardiorespiratory arrests and 6.2% deaths.2

Causes in different ages

Approximately 80% of events occur in children aged <3 
with the peak incidence between one and two years of age; 
the reasons for this are their habit to explore the surround-
ings with the mouth and to be active and playing while 

Figure 1.—A 7-year-old girl with life-threatening airway obstruction due to massive hemoptysis during chemotherapy for acute lymphoid leukemia 
complicated by pulmonary abscess (A, arrow). Hypertrophied right bronchial vessels supplying a marked hypervascular bed in the right lower lobe 
were angiographically assessed (B, arrow) and embolized following which hemoptysis ceased. A giant blood clot in the trachea, extending into and 
partially obstructing the right and left main bronchi was removed en-bloc (C) with using rigid bronchoscope.

Figure 2.—Chest X-ray showing right-sided hyperinflation (A) due to 
peanut fragments completely occluding the right bronchial system (B: 
endoscopic view; C: FBs after extraction).

Figure 3.—Normal chest X-ray (A) despite a sunflower seed completely 
occluding the left main bronchus (B: endoscopic view; C: FB after ex-
traction).
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trapping distal to the FB. Mediastinal contralateral shift 
can also be found.

Negative clinical and/or radiography should not ex-
clude the diagnosis in patients with a strong history (sen-
sitivity of 76 to 92%).

Once FB inhalation is suspected, rapid confirmation is 
required. Even in stable patients, the potential for a FB to 
dislodge and possibly re-impact in the non-compromised 
lung should be considered and the removal delay should 
not exceed 12 to 24 hours.8

Knowledge of instruments

In children, different models of bronchoscopes are used 
depending on the age of the child. Currently available 
pediatric flexible bronchoscopes range in outer diameter 
sizes from 2.2 to 4.9 mm. with a working channel range 
from 1.2 to 2.2 mm. The 2.2 mm bronchoscope does not 
have a working channel and is therefore limited in its util-
ity. The 4.9 mm scope can be used in children either over 
the age of 7 or weighing more than 20 kg.9, 10 Pediatric 
rigid bronchoscopes are shorter than those used in adults 
and measure between 30 and 16 cm long with an internal 
diameter between 3.2 mm and 7 mm.

In children, flexible bronchoscopy is used mainly for 
diagnosis and as an aid to intubation in the child with a 
difficult airway. Rigid bronchoscopy is the instrument of 
choice for diagnosis of glottic and subglottic pathology 
(cleft, high fistula), foreign body (FB) extraction, stent 
placement and laser surgery (strong recommendation; 
high-quality evidence). Pediatric rigid bronchoscopy is 
not performed in most centers of interventional pulmon-
ology and no evidence-based method has been established 
to assess this competency. Therefore learning this tech-
nique usually requires training in a reference center.

to the position of the carina to the left of the midtrachea.5-7 
The position of the carina to the right of the midtrachea 
could account for the prevalence of inhaled FBs in the left 
bronchial tree observed in some reports.

Clinical history and physical exam elements

The clinical presentation of FB inhalation depends on the 
size and localization of the FB. Laryngeal FBs can cause 
cyanosis and hypoxia with death from suffocation if the 
obstruction is complete. Tracheal and bronchial FBs can 
present as cough and/or dyspnea and/or cyanosis with or 
without vomiting (the so called “penetration syndrome”). 
However, these symptoms can subside spontaneously and 
quickly even when the FB remains; in this case, if the 
choking events is not witnessed or unrecalled, the child is 
at risk for complications (proportional to the delay of FB 
removal) as pneumonia, hemoptysis and bronchiectasis. 
So, when respiratory symptoms develop in an otherwise 
healthy child, one should always ask whether the child 
may have been inhaled something. The most important 
factor in diagnosis is considering the possibility!

Radiographic interpretation

The key to reach a definitive diagnosis lies in a detailed 
history that identifies risk factors, an examination that 
elicits important signs, and supportive chest X-ray find-
ings. However, the inhalation may not have had witness-
es, most inhaled FBs in children are radiolucent (up to 
90% of cases) and physical examination may be normal 
(up to 56% of cases).2

When present, unilaterally decreased breath sounds 
and lung hyperinflation (Figure 1) are strong indicators 
of inhalation; in case of normal chest X-ray, a chest fluo-
roscopy (Figure 4) may be helpful to demonstrate the air 

Figure 4.—X-ray fluoroscopy showing progressive left-lung hyperinflation with mediastinal shift due to the sunflower seed completely occluding 
the left main bronchus (see Figure 3).
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•  knowledge of complications and their management;
•  basic knowledge of instruments cleaning and disin-

fection;
•  ability to introduce and use a rigid bronchoscope and 

related procedures (foreign body removal, stent, laser, 
etc.).

Procedural steps

Flexible bronchoscopy is the gold standard for definitive 
diagnosis of foreign body. Because of complications that 
can result from longstanding retained FBs, if there is any 
doubt about a possible inhalation, it is better to perform 
a bronchoscopy to conclude that there is not a FB rather 
than risk to leave a FB in the tracheobronchial tree.7, 8

Although potential advantages of using flexible bron-
choscopy for FBs extraction (i.e. not required general 
anesthesia and ability to reach more peripheral airways) 
have been reported, the instrument of choice to remove 
inhaled FBs in children is the rigid bronchoscope.12, 13 
The use of flexible bronchoscope raises the risk for dis-
lodging the FB and further compromising the ventilation; 
conversely, the rigid bronchoscope allows:

•  control of the airway: the patient can be ventilated 
through the bronchoscope and – compared to endotrache-
al tube – with rigid bronchoscope the trachea is entered 
under continuous vision with possible identification of a 
subglottic or high tracheal FBs thus reducing the risk of 
sudden obstruction from dislodging it;14

•  use of strong forceps to securely grasp the FB: ac-
cidental loss of the FB or its fragments into previously 
healthy mainstem bronchus during the extraction proce-
dure may be lethal if the originally involved lung is at-
electatic or the originally involved bronchus remains ob-
structed by inflammation or residual FBs;

•  use of large suction probes to manage the mucosal 
bleeding that can occur in the case of FB embedded in 
granulation tissue.

For smooth and rounded FBs the smooth forceps (for-
eign body forceps) should be preferred to the alligator 
forceps. The forceps’ cups should be opened maximally 
to grip the largest volume of the FB without pushing the 
FB downwards. In case of technical challenges to grasp 
with forceps because of the shape of the inhaled FB en-
doscopic tipless baskets or balloon catheters can be used.

When the FB is larger than the working lumen of the 
rigid bronchoscope, both forceps and FB are pulled up, a 
few millimeters distal to the tip of the bronchoscope, and 
then the instruments and the FB are withdrawn together 
from the trachea. In case of a sharp FB stuck in the tra-

While flexible bronchoscopy can be done under seda-
tion, rigid bronchoscopy always requires the use of gen-
eral anesthesia. Type of anesthesia is an issue of contro-
versy. There is a wide consensus on using sevoflurane or 
halothane as inhalational agents for induction of anesthe-
sia and spontaneous breathing as a maintenance technique 
of choice. A strong coordination among interventional pul-
monologist and anesthesiologist is essential to ensure that 
adequate oxygenation is maintained via the shared airway. 
Patients should be monitored with continuous pulseoxim-
etry, cardiac and blood pressure monitoring. Supplemental 
oxygen and suction should be available at the bedside to be 
used as needed. Resuscitation equipment should be readily 
available in case of emergency.

Skills

The different anatomy and physiology of the pediatric 
airway compared to adult pose an entirely different set of 
challenges to interventional pulmonologist.

Mostly under three years of age, children have a:
•  larger tongue relative to size of the oral cavity;
•  higher and more anteriore larynx;
•  glottic aperture partially covered by a floppy epiglot-

tis and angle more acutely with respect to the trachea;
•  reduced airways diameter that make that even a small 

reduction in their size can cause a significant increase in 
airway resistance;

•  marked vagal response with tendency to laryngo-
spasm and bradycardia, a higher rate of oxygen consump-
tion and reduced functional residual capacity leading to 
tendency to hypoxia.11 

The operator needs the following skills:
•  understanding indications and contraindications;
•  pre-bronchoscopy clinical and radiographic evalua-

tion;
•  potential difficulties in intubating the patient;
•  choosing the appropriate procedure for the and the 

correct instrument (Flexible bronchoscope FB vs. Rigid 
bronchoscope RB);

•  obtaining appropriate informed consent and evalua-
tion of possible alternative procedures;

•  patient safety;
•  correct monitoring and ability to respond to abnor-

malities and achieve infection control;
•  management of anaesthesia and sedation procedure in 

children (in collaboration with anaesthesiologists);
•  ability to use of the basic supplies for paediatric bron-

choscopy: slip-tip syringes, specimen traps, gauze spong-
es, bite blocks, appropriately sized bronchoscopes;
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Theoretical and practical training: resources for “Core Com-
petences”

•  Video libraries;
•  training on plastic manikins of infants and children;
•  simulation on self-made phantoms, on animal models 

such as pig lung, either frozen or preserved under plastic 
lamination;

•  virtual simulation trainers used for adult bronchos-
copy, which can be adapted to training for paediatric age 
patients;

•  theoretical and practical courses: i.e. ERS Skills 
Based Course (25% of the course should address theo-
retical aspects of flexible bronchoscopy in children; 25% 
should be taken up by discussion of clinical cases; 50% of 
course should be practical);

•  training on patient under supervision until trainee has 
achieved quantitative and qualitative competence;

•  attend procedures in endoscopy room at high volume 
centres of excellence.

Qualitative and quantitative assessment 

Quantitative assessment:
Number of procedures (once trainee has achieved com-

petency in adults):50
Qualitative Assessment:

•  MCQ;
•  case-based questionnaires on appropriate decisions;
•  DOPS with flexible and rigid bronchoscope on mani-

kin and patient.
Outcome measures: Indication, diagnostic yield, compli-
cations, quality of documentation, and overall cost-effec-
tiveness.

Emergencies in adult patients

The main indications are hemoptysis, tracheobronchial 
stenosis and injuries, foreign bodies.

Bronchoscopy can be used to investigate hemoptysis. 
CT (computer tomography) scans have changed diagnos-
tic procedure protocols and should always be considered 
prior to bronchoscopy. Consider bronchoscopy after a nor-
mal CT if the patient is high risk for lung carcinoma or if 
the hemoptysis continues.

Training should therefore be focused on the manage-
ment of bleeding, tracheobronchial stenoses and injuries.

The tools for practical training include low and high-
fidelity simulation, although non-technical skills and team 
simulation are especially recommended.

cheobronchial wall, to prevent the risk of wall laceration 
and/or massive hemoptysis, it should be pushed down to 
dislodge the tip; then, the tip should be placed into the RB 
beveled end before extraction attempt.

During the last step of extraction procedure, the FB can 
be lost accidentally, either because there was some inap-
propriate coaxial movement between the bronchoscope 
and the forceps or because it is blocked in the narrow 
glottic area. If this occurs, the interventional pulmonolo-
gist should first carefully inspect the oral cavity and the 
larynx prior to re-entered the trachea with the rigid bron-
choscope.

Once the FB is removed, the trachea should be re-
intubated with the rigid bronchoscope to re-examine the 
airways to rule out the presence of another FB or resid-
ual fragments. This is usually done by inserting a flex-
ible bronchoscope through the rigid bronchoscope. The 
presence of small fragments in more peripheral airways 
(where they can also dislocate as a result of vigorous 
grasping of friable FB) may be challenging for the in-
terventional pulmonologist, mostly when they reach the 
limit of flexible bronchoscopy accessibility. In this case, 
the FB fragments can be sucked through a suction probe 
or dislodged with aid of topical application of adrenalin or 
saline washes. When all these measures fail, the procedure 
should be stopped and rescheduled after antibiotics and 
steroid therapy.14 Surgical resection of the segment or par-
tial lobe is required for only 1.2% of the patients.

The timing of bronchoscopy and the therapeutic strat-
egy depends on the clinical picture.8 In case of asphyxia 
or severe dyspnea the child should immediately undergo 
a rigid bronchoscopy; in all other cases we suggest that 
flexible bronchoscopy be done first to:

•  confirm the diagnosis;
•  define the nature and localization of the inhaled FB;
•  choose the appropriate instruments for the extraction 

procedure.
The interventional pulmonologist must be aware that, 

even during the diagnostic procedure an accidental dis-
lodgement of the FB can happen; thus, the interventional 
pulmonologist performing the diagnostic bronchoscopy 
must be able to promptly shift from a flexible bronchos-
copy into a rigid one and also diagnostic flexible bron-
choscopy should be performed in an operating room. 
Likewise, in case of extraction attempt of an inhaled FB 
with the flexible bronchoscope, the immediate availabil-
ity of a rigid instrument is strictly recommended to guar-
antee safety of the procedure if the flexible bronchoscopy 
fails.12
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Bronchiectasis and tuberculosis are common causes of 
airway bleeding.28 In the literature cryptogenic hemoptysis 
may account up to 50% of cases.15

In developing countries, tuberculosis and infections 
remain a prominent cause of hemoptysis. Angio-invasive 
fungal infection and necrotizing pneumonia (invasive or 
chronic necrotizing pulmonary aspergillosis) may lead to 
massive hemoptysis especially in immunocompromised 
hosts.29

Other causes are vasculitis, coagulopathy, iatrogenic le-
sions, trauma, vascular malformation (Table II).

Treatment flowchart for massive hemoptysis

Hemoptysis is often an alarming symptom. Major hem-
orrhage may dramatically lead to death depending on as-
phyxiation rather than on the induced hemodynamic in-

Trainers must have completed training described in sec-
tions on: “Flexible bronchoscopy and basic biopsy tech-
nique” and “Operative bronchoscopy procedures.”

Hemoptysis

Knowledge of the disease

Chest physician is often called to evaluate hemoptysis.15

In the majority of the cases, expectoration of blood from 
the lower respiratory tract is mild to moderate and the di-
agnostic and therapeutic process can be conducted step by 
step.

Although massive hemoptysis is less frequent, it can 
rapidly compromise airways, therefore it should be viewed 
as a medical emergency requiring prompt intervention and 
a safe use of the dedicated instrumentation.

Massive hemoptysis occurs in between 5% and 15% 
of patients presenting with lower airways bleeding.16, 17 
There is no clear consensus on its precise definition, as 
shown in Table I.18-21

No uniform cut-off value is agreed in the literature so, 
massive hemoptysis definition relies on the main clinical 
consequences as hospitalization, anemia requiring transfu-
sion, hemodynamically instability and hypoxemia requir-
ing intubation, death.22-25

Causes 

Causes of known hemoptysis: Bronchial circulation is re-
sponsible for 90% of massive hemoptysis. Systemic cir-
culation, as aorta or non-bronchial arteries (subclavian ar-
tery and ancillary as thyrocervical trunk, internal thoracic 
artery; intercostal arteries, the upper and inferior phrenic 
arteries, coronary arteries) accounts for about 5% of bleed-
ing, whereas pulmonary circulation is reported to be the 
source of bleeding up to 5% of cases.26, 27

Several diseases may cause hemoptysis with differ-
ent incidence related to the concerned geographic area. 
In western countries massive hemoptysis associated to 
lung cancer is reported to cause up to 35% of hospital ad-
missions. Bronchogenic carcinoma is the most common 
cause, followed by bronchial carcinoid and metastatic le-
sions to the lung.

Figure 5.—Management of massive hemoptysis.

Bleeding source localized

BAE surgery

- ��Cold saline
-� epinephrine
- �endobronchial stent 

tamponade

- �Nd-YAG 
laser*, APC*, 
electrocautery*

- �balloon tamponade#

- �endobronchial spigot#

- �ORC mesh#, 
biocompatible glue#

Unsuccessful/
recurrence: surgery

Massive hemoptysis

Lateral decubitus; airway patency;
adequate oxigenation; hemodinamic stability

ICU chest X-ray

Persistent hemodinamic instability  
and acute respiratory failure?

- �rigid bronchoscopy or EET 
under flexible bronchoscopy 
(removal clotted blood/secretions; 
contralateral lung isolation)

- �volume resuscitation
- �coagulopathy correction

- �clinical surveillance
- �airway endoscopic evaluation 

with rigid bronchoscopy (flexible 
bronchoscopy as alternative)

MDCT 
Bleeding localized

- �conservative 
management

- �close surveillance

BAE

yes no

yes no

yes no

TA: tranexamic acid
BAE: bronchial artery embolization
* exclusively for visible endoluminal lesions
# no endoluminal lesions

Table I.—�Massive hemoptysis: quantitative definition.

Amirana 18 (1968) 100 mL/24 h
Crocco 19 (1968) 600 mL/24 h
Corey 20 (1987) 1000 mL/24 h
Hirshberg 21 (1997) 500 mL/24 h
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stability. Mortality rate is from 9 to 38% of cases, even 
though in recent years we noticed an improvement related 
to technological advances in interventional radiology (Fig-
ure 5).21, 30

Diagnostic approach consists in an accurate and prompt 
clinical history and a deep physical examination: it is not 
easy since this symptom causes anxiety and patients can 
overestimate the bleeding.

It is essential to determine if the hemorrhage is com-

Table II.—�Causes of massive hemoptysis.

Neoplastic •	Bronchogenic carcinoma
•	Airway neoplasms (carcinoid, adenoid cystic carcinoma)
•	Lung metastases

Infectious •	Bronchiectasis
•	Bronchitis
•	Abscess
•	Mycobacterium Tuberculosis and other mycobacteria
•	Fungal infectious (especially mycetoma)

Hematologic 
disorders

•	Coagulopathy (congenital; acquired mostly iatrogenic)
•	Thrombocytopenia or platelet disfunction

Vasculitis •	ANCA associated vasculitis
•	Goodpasture syndrome
•	Systemic lupus erythematosus pneumonitis

Vascular •	Bronchial and pulmonary artery aneurysm (Rasmussen 
aneurysm)

•	Arterio-venous malformations
•	Pulmonary embolism

Miscellanea •	Cryptogenic
•	Lung/airway trauma accidental or iatrogenic (biopsy and 

intubation induced)
•	Endometriosis
•	Lymphangioleiomiomatosis
•	Drugs (Crack cocaine, solvents, bevacizumab)
•	Left ventricular failure
•	Mitral stenosis

ing from the airways and not from the oral cavity or gas-
trointestinal tract (pseudo hemoptysis). Reported cough is 
helpful because usually shows hemoptysis. Other param-
eters as secretions pH or food in the expectorate, are not 
easily evaluated in the context of massive hemoptysis and 
scarcely useful in the diagnostic approach. Thoracic imag-
ing (computed tomography and angiography) has a pivotal 
role and may be delayed only in few critical patients.

CT scan should be performed prior to bronchoscopy es-
pecially in patients with increased cancer risk (male, age 
>40 years, smoking history). It can detect lung neoplasms 
even when chest radiography is normal and is as efficient 
as bronchoscopy in detecting the site of bleeding in major 
bleeding.31, 32 Nevertheless, bronchoscopy has an undeni-
able role in the management of hemoptysis because it can 
obtain samples for microbiology and pathology examina-
tion to come up with the etiologic diagnosis.

While the role of bronchoscopy is still debated in young 
people without cancer risk at their first episode of bleed-
ing from the respiratory tract and with normal chest X-ray, 
there is no doubt about its need in case of massive hemop-
tysis (Figure 6) as a diagnostic and therapeutic tool.33

Bronchial artery embolization (BAE) is the most effec-
tive treatment for refractory and massive hemoptysis, it pro-
vides immediate control of bleeding in 66-96% of patients.

Pathological signs of bleeding vessels are increased di-
ameter (>3 cm), tortuosity, neovascular /hypervascularity, 
extravasation of contrast medium, presence of aneurysm 
changes.

It could be performed by arterial access: 1) femoral ar-
tery more common, lower morbidity; 2) brachial artery.

Figure 6.—Massive hemorrhage from the left 
main bronchus.

Figure 7.—Vegetative hemorrhagic lesion of the 
left main bronchus.

Figure 8.—Vegetation of the right main bron-
chus with high hemorrhagic risk.
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count lower than 50000 per µl for endobronchial biopsy 
and platelet count lower than 30000 per µl for TBLB; INR 
greater than 1, 4 or t.Quick <60%) or patients receiving 
therapeutic anticoagulation or drugs inhibiting platelet 
function.36

These drugs have been associated to an increase rate of 
spontaneous bleeding and should therefore be withheld 
before performing invasive bronchoscopic interventions 
according to guidelines, considering and balancing the risk 
of thrombotic complications.37-39

Skills

1. Selection and interpretation of appropriate imaging to as-
sist in the diagnosis of hemoptysis

Chest radiography is inexpensive, ubiquitous, the initial 
imaging study.

Limitations: it provides bleeding localization in 46% of 
cases; normal chest radiography in 25% of patients with 
malignancy.

Multidetector CT (MDCT) scan is performed in the set-
ting of gross and recurrent hemoptysis in patients at risk for 
lung cancer. MDCT scan with contrast is the gold standard.

MDCT angiography is highly accurate in characterizing 
thoracic bronchial ectopic, non-bronchial and pulmonary 
arteries.

The time required to obtain images, renal dysfunction and 
the supine position of the patient may be some limitations.

2. Ability to use the technique for airway control and oxygen-
ation/ventilation

The management of massive hemoptysis consists in three 
steps: 1) maintaining airway patency and patient’s clini-
cal stability; 2) localizing the bleeding source 3) specific 
therapy delivery.40

First of all, the patient should be placed in a lateral de-
cubitus position on the bleeding side in order to avoid as-
piration of blood in the controlateral lung.

Hemodynamic stability is ensured by delivering supple-
mental oxygen, fluid and correction of any coagulopathy 
that may contribute to the bleeding.

3. Ability to selectively intubate the patient with flexible bron-
choscopy

Bronchoscopy performed by flexible fiberoptic bronchos-
copy (FOB) is used to localize the bleeding source (di-
agnostic aim) and to remove clotted blood and secretions 
(therapeutic aim).

Artery cannulation is obtained with a 5 Fr angiographic 
pigtail catheter (Cook Medical™, Limerick, Ireland) or 
superselective cannulation with a 2.7 fr (Progreat™, Teru-
mo, Japan) or 3 Fr microcatheter (Cook Medical™).

Artheriography should be performed with low osmolar or 
iso-osmolar non-ionic contrast material agents used for em-
bolization Gelfoam and polyvinyl alcohol (PVA) particles. 
Microsphere. The choice of the agent to use depends on op-
erator experience and availability of the embolic material.

Thoracic pain, embolization of the anterior spinal artery 
leading to anterior spinal cord syndrome might be compli-
cations.

Knowledge of instruments 

Rigid and flexible bronchoscopes could be used in case of 
massive haemoptysis.

The first one offers these advantages: 1) best control of 
airway patency through the possibility of adequate suction 
for evacuating bloods and clots 2) allows concurrent ven-
tilation of the patient 3) enables the use of different tools 
to remove airway obstruction (Figure 7).

Flexible bronchoscope is more manageable, less trau-
matic and provides easier access to the upper lobes and 
peripheral bronchi.

From the previous description, it seems that the first 
line of evaluation and treatment of massive haemopty-
sis should rely on rigid bronchoscopy,34 but intubation 
of patients with the rigid scope is difficult under critical 
conditions because it is less manageable and at risk to be 
traumatic so, rigid bronchoscope should be used in well 
trained centers. Further, planning the exam takes time, 
which is a disadvantage when urgent endoscopy is needed. 
Therefore, we suggest as good practice the choice of the 
instrument which best fits the physician’s skills, keeping 
the rigid bronchoscope as the gold standard in situations at 
risk for major bleeding (Figure 8).

We recommend not to perform biopsy in particular endo-
scopic situations. Bronchial Dieulafoy’s lesion represents 
a paradigmatic example. It is a small non-throbbing forma-
tion covered in white mucous membrane originated from 
an arteriolar dilation of bronchial or (less frequently) pul-
monary circulation located in the underlying tissue. When 
biopsied, it could lead to massive bleeding, in some cases 
even fatal. When a Dieulafoy’s disease is suspected, bi-
opsy shouldn’t be performed but rather ecographic evalua-
tion of submucosal blood vascular abnormalities is needed, 
leaving embolization to a late angiographic study.35

When performing bronchoscopy, we must remember the 
risk of bleeding related to severe coagulopathies (platelet 
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management of massive hemoptysis in patients unable to 
undergo surgery.47, 48

Some authors described the efficacy of substances with 
hemostatic properties useful in case of massive persistent 
bleeding. Valipour in the ‘80s tested an absorbable wa-
ter-insoluble derivate of cellulose (ORC mesh: oxidized 
regenerated cellulose). The mesh was placed selectively 
into the bleeding bronchus grasped with biopsy forceps 
through the working channel of a bronchoscope. With 
blood contact, this fabric became a brown plug which 
contributed to clot formation. The apposition of at least 
4 to at most 10 layers of the fabric could stop the bleed-
ing. This way of bleeding control was effective in 90% of 
cases but, obviously is not indicated when the source is in 
central airways.49

Some authors described the use of endobronchial bio-
compatible glues as N-butyl cyanoacrylate solidifies on 
contact with humidity. This material was injected into the 
bleeding airway through a catheter via a flexible fiberoptic 
bronchoscope to achieve sealing. This technique is not in-
dicated in elderly patients with cardiopulmonary instabil-
ity, in case of diffuse bleeding or when the sealed airway 
could exclude from ventilation a significative amount of 
the dependent lung.50, 51

It is important to remember that in massive hemoptysis, 
blood expectorated dilutes the antifibrinolytic agents thus 
reducing their efficacy.

5. Ability to perform a mechanical tamponade with balloon, 
blocker tubes and rigid bronchoscopy

When the source of bleeding is a bronchoscopically visible 
lesion, an effective treatment option is the debulking of the 
lesion after devascularization by heat therapy (laser pho-
tocoagulation, argon plasma coagulation, electrocautery). 
Sometimes it can be a definitive treatment.

In life-threatening hemorrhage, mechanical therapy al-
lows physical occlusion of the bleeding airway segment and 
prevents spillage of blood into the healthy lung segments.

Endobronchial blockers are the most frequently used 
devices to stop bleeding.

In the ‘70s, some authors used to stop bronchial bleeding 
placing a Foley catheter through the rigid bronchoscope or 
an endotracheal tube. Others used to position a Fogarty 
balloon catheter introduced under visual control through 
the flexible bronchoscope and kept in place until surgery.

To overcome these limitations, Freitag developed 
bronchial blockers (BB) usually inserted into the work-
ing channel of an FOB and kept in place after its removal 
(Figure 9, 10).52

In massive hemoptysis associated to persistent hemody-
namic and respiratory instability, it is pivotal to safeguard 
airways patency by a large-bore endotracheal tube (ETT) 
under fibreoptic guide. Afterward we can perform a com-
plete exploration of the bronchial tree through the ETT. 
Alternatively, a skilled physician could attempt urgent in-
tubation with rigid bronchoscope.

Given the critical clinical conditions and the needs to 
maintain airway patency, Intensive Care Unit (ICU) is the 
ideal setting for patients with massive hemoptysis.

4. Ability to administer correctly drugs such as adrenaline, 
ornipressin and tranexamic acid

Treatment of the bleeding source is the next step. Bron-
choscopic therapy can ensure definitive control of bleed-
ing, very important especially in patients not fitting for 
surgery or in patients allergic to contrast. Otherwise, this 
approach is often a temporary measure, as bridging treat-
ment to bronchial artery embolization (BAE) or surgery.

Efficient treatment of bleeding airways are: 1) topical 
endobronchial application of pharmacological agents; 2) 
laser photocoagulation of the visible lesion; 3) mechani-
cal therapy with physical occlusion of the bleeding airway 
segment.

In the ‘80s some authors reported the efficacy of re-
peated irrigations with iced saline solution at 4 °C in 50 
mL aliquots on average 500 mL per patient with suction of 
liquids and clots.41

Since instillation of big amounts of liquid reduce air-
way patency, this approach is restricted to mild- moderate 
bleeding.

Some studies have reported local instillation of topical 
vasoconstrictive agents in the bleeding airway, as epineph-
rine and vasopressin analogues, terlipressin and ornipres-
sin.

This approach is not useful for massive bleeding be-
cause the drug is diluted and washed away by blood. Fur-
ther, epinephrine and terlipressin have been reported to 
cause significant cardiovascular effects namely tachyar-
rhythmia and acute hypertension related to high plasma 
level following endobronchial application.42-44

Topical use of tranexamic acid, an antifibrinolytic drug, 
has been successfully reported in the past in patients with 
cystic fibrosis.45, 46

Endoscopic instillation of fibrinogen-thrombin complex 
(FT) has shown good results. Described in several recent 
studies, the injection of FT showed a good prompt pro-
thrombotic effect and immediate control of massive bleed-
ing, so it seems to be a promising strategy in the early 
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and rotation of the proximal end of the BB allows to guide 
its distal end into the desired mainstem (Figure 13).

Procedural steps

Significant unexpected bleeding:
•  ensure adequate oxygenation and IV access for fluid 

resuscitation. Vital signs should be monitored regularly;
•  retract the bronchoscope proximally to maintain vi-

sion; apply suction to remove free blood so as to preserve 
airway patency;

•  consider lying patient onto the side of the bleeding. 
Do not suction to remove clot;

•  consider the application of local vasoconstrictor ther-
apy. Agents include 5-10 mL 1:10000 epinephrine or 5-10 
mL 4 °C saline. Saline has the advantage that it may be 
administered repeatedly;

These devices allow therapeutic bronchoscopy treat-
ment as distal secretion suction and instillation of vasoac-
tive/antifibrinolytic agents. Their disadvantage is the diffi-
cult placement in the upper lobe bronchi and their disloca-
tion induced by cough (Figure 11, 12).

Silicone spigots, originally used in the treatment of 
bronchopleural fistula, have proved to be effective for tem-
porary control of bleeding from segmental bronchi, allow-
ing patients to stabilize before BAE.53

When all the above devices are unable to stop bleed-
ing, isolation of the healthy lung is the last chance. It can 
be achieved by selective intubation with a double-lumen 
endotracheal tube (Carlens e Robershow); the main dis-
advantage is technical difficulty in properly positioning.

Univent bronchial blockers overcame this limitation, it 
has a channel embedded in its wall, its distal tip is curved 

Figure 10.—Cohen bronchial blocker.Figure 9.—Arndt bronchial blocker.

Figure 11.—Hemorrhagic lesion of left 
upper lobar bronchus.

Figure 12.—Use of blocker for bleed-
ing from left upper lobar bronchus.

Figure 13.—Univent tracheal tube.
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sists in discussion of clinical cases with a supervisor so 
that students can strengthen the decision-making process.

Management of massive hemoptysis is complex and in-
volves the use of rigid and flexible bronchoscope, the ca-
pability to endotracheal intubation by FOB and the use of 
BBs. For these reasons interventional pulmonologist has 
to develop competence on these techniques with proper 
training programs.

Non-technical skill scenarios permit to simulate experi-
ential situations.

Qualitative and quantitative assessment

Several training programs tried to establish the number of 
endoscopic procedures needed to get a good competence 
level in standard situations, defining 20 exams with the 
rigid scope and 100 with flexible bronchoscopy.54 Qualita-
tive and quantitative assessment of the competence could 
be monitored by multiple choices questionnaire, case-
based discussion and direct observation of experts.55, 56

Given the scarce predictability of medical emergencies, 
it is not possible to quantify the volume thresholds for endo-
scopic procedures to demonstrate the competence required.

Outcome measures: Indication, diagnostic yield, com-
plications, quality of documentation, and overall cost- ef-
fectiveness.

Iatrogenic tracheal injuries

Iatrogenic tracheal injury (ITI) is a complication of endo-
tracheal intubation and an endoscopic emergency . It is a 
rare condition, which percentage is not easy to calculate. 
Some authors, on the basis of retrospective study, reported 
an incidence of a lesions on 20.000-75.000 intubations, 
and in the last decade we estimate an incidence of 0.05-
0.37%.57

Risk factors are mechanic and physiologic factors (Ta-
ble III): it is important to remember that emergency intu-
bation is the most important risk factor.

ITI is a severe condition and it needed a prompt diagno-
sis and management to patient’s survival.58

After intubation in case of initial signs of complication 
(subcutaneous emphysema, dyspnea, cough or hemopty-
sis) ITI should be suspected.

Usually it happens in the first hour after extubation 
within 12 hours. Only in patients who underwent thoracic 
surgery the diagnosis could be done immediately.

A thoracic computed tomography has to be performed 
to demonstrate: subcutaneous emphysema, pneumotorax, 
pneumomediastinum, or fluids in the mediastinal space.

•  if bleeding continues, the bronchoscope should be 
wedged into the bleeding segmental bronchus, if possible, 
and held in place for 10-15 minutes;

•  if this does not control the bleeding, a balloon catheter 
can be used to apply pressure and isolate the segment;

•  check platelet count, PT and PTT, and recheck drug 
history;

•  seek senior/expert assistance, and consider referral to 
critical care.

Bleeding after biopsy (CHEST live learning) includes 
five steps:

•  step 1: 1) wedge the bronchoscope; 2) maintain wedge 
position after biopsy (1-2 minutes); 3) avoid suctioning af-
ter biopsy;

•  step 2: 1) safety position (lateral decubitus); 2) turn 
the patient onto a safety position (bleeding side down) to 
protect the contralateral airway; 3) allow face to face con-
tact with patient if operator working from the front or side 
of the patient; 4) allow blood and secretions to flow from 
the larynx and out of the corner of the mouth; 5) avoid col-
lapse of the larynx and laryngeal obstruction by tongue or 
edematous upper airway; 6) oral pharynx easily suctioned;

•  step 3: saline lavage, immediate administration of 
large aliquots of iced saline using a wedged or partially 
wedged bronchoscope and continuous or intermittent suc-
tion and gravity dependent clot formation, which will stop 
most bleeding;

•  step 4: intubation with cuffed endotracheal tube. 1) If 
bleeding persists and airway is compromised, intubate the 
patient; 2) selective main stem intubation may be neces-
sary;

•  step 5: insert bronchial blockers (the bronchial block-
er can be inserted inside or outside endotracheal tube), 
bronchial blockers placement into bleeding site may be 
considered.

Theoretical and practical training

During a medical emergency, every step and decision is 
crucial, so interventional pulmonologist have to attend 
extensive training to acquire technical expertise in endo-
scopic procedures.

In order not to improve endoscopist’s expertise directly 
on patients, putting their life at risk, current training pro-
grams relies on the use of high-fidelity simulation tools. 
BRONCH Mentor Symbionics has a specific module for 
hemoptysis. Simulations provide trainees to develop their 
skills in clinical scenarios like those of hemoptysis, before 
acting in real life. The optimal educational approach con-
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with a conservative management in all the patients no re-
quiring mechanical ventilation and the 70% of those un-
dergoing mechanical ventilation.72

Authors agree that spontaneous breathing is fundamen-
tal when choosing treatment, since other parameters are 
not as important, thus a conservative management is rec-
ommended as a better choice.73

If MV is needed, the implementation of conservative 
treatment presupposes the possibility of bridging the le-
sion, placing downstream the insufflated cuff of the tra-
cheal tube. If this is not possible and NIV is not feasible, 
after assessing the risk, it is necessary to initiate the patient 
to surgical therapy.74

Knowledge of instruments

Direct examination with bronchoscopy allowing to con-
firm the clinical suspicion, to localize the lesion and as-
sess the extent of injury. It involves the use of rigid and 
flexible bronchoscope and the capability to endotracheal 
intubation by fiber optic bronchoscope. Interventional pul-
monologist should evaluate the distance from vocal cords 
and tracheal speron, dimension of the injury and bulging 
in the esophagus. ITI causes longitudinal tears of the pos-
terior tracheal wall or the junction between cartilage and 
the posterior membrane on the right, and rarely extends to 
main bronchi.74

Cardillo et al. proposed a morphologic classification of 
ITI (Table IV).75

ITI presenting with acute respiratory distress requires 
immediate action to promptly and effectively re-establish 
and secure a patient airway and relieve the injury. This is 
often achieved with rigid bronchoscope. Since these pa-
tients usually present in acute conditions, if there is any 
doubt regarding the stability of the airways, rigid bron-
choscopy is the procedure of choice as it ensures a se-
cure airway, enabling oxygenation and ventilation. It also 
serves as a therapeutic tool for severe tracheal injuries. 

Direct examination with bronchoscopy remains the 
gold standard for ITI.

Currently there is no unanimous consensus on the ther-
apeutic management of ITI,58-62 based on variability on 
clinical presentation and anatomy of the tracheal injury.

Until the ‘90s, pneumologists preferred early surgical 
repair. The aims of this treatment were: avoiding air leaks 
with consequent impaired ventilation, preventing medias-
tinal infection and reducing stenosis complications.

Differently from what happens in blunt injury, further 
studies showed that in the ITI there are few air leaks, and 
that mediastinal infection and stenosis are rare.

The reason of these discrepancies may be the different 
mechanism responsible of the two types of lesion.63

Some authors suggest a conservative treatment and fol-
low-up bronchoscopy (Figure 14, 15) in patient with respi-
ratory autonomy, superficial injury or in which extubation 
could be perform in the first hours after signs presenta-
tion.64-69

Initially it was proposed only for superficial and small 
lesions (<1 cm length for Kaloud, <4 cm for Jougou).70-71 
Conti et al. in 30 consecutive patients (15 mechanical ven-
tilation, 15 breathing) obtained a resolution of the rupture 

Figure 14.—Iatrogenic tracheal in-
jury subjected to conservative treat-
ment.

Figure 15.—Final result after 
conservative treatment.

Table III.—�Iatrogenic tracheal injury: risk factors.
Mechanical Anatomic

•	Repeated attempts
•	Inexperience
•	Spindle
•	Patient repositioning with cuffed 

tube
•	Inappropriate tube size

•	Congenital anomalies
•	Deviation trachea (goiter and 

growths)
•	Pre-existing strictures
•	Subtlety pars membranacea
•	COPD
•	Female sex
•	Age >50
•	Height <165 cm

Table IV.—�Tracheal Wall Injury: Morphologic Classification.

Level I Mucosal or submucosal injury without mediastinal 
emphysema and esophageal injury

Level II Lesion extending to the muscular wall with subcutaneous 
or mediastinal emphysema without esophageal injury or 
mediastinitis

Level IIIA Complete laceration with esophageal or mediastinal 
soft-tissue herniation without esophageal injury or 
mediastinitis

Level IIIB Any laceration with esophageal injury or mediastinitis
Modified with permission from Cardillo et al.60
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ing of the tear and to prevent the formation of a false track.
•  Selective intubation of the mainstem bronchus in case 

of tracheal tear extending to the carina
•  Mechanical ventilatory support / single lung ventilation
•  If intubated patient deflate the ET cuff, manipulate the 

cuff to visualize the tracheal injury
•  assess the injury extent

4) Upper gastroenterologic endoscopy if complete lacera-
tion of the tracheal wall (to assess esophageal injury)

In case of concomitant esophageal injury
•  Broad-spectrum prophylactic antibiotics for at least 1 

week
•  Temporary percutaneous gastrostomy tube for nutri-

tion ( avoid nasogastric/orogastric feeding tube)

Theoretical and practical training: resources and assessment 
tools for “Core Competences” 

As described above, ITI must to be treated by a very well-
trained multidisciplinary specialist team.61 The rarity of 
these events does not make possible a specific and direct 
training, even in these emergency situations a consolidated 
set of skills with the fiberscope is essential. The training 
programs must provide a theoretical approach that allows: 
fast diagnostic classification (especially the assessment of 
the lesion); careful assessment of the clinical context; to 
establish conservative or surgical treatment.

Qualitative and quantitative assessment

General theoretical and practical training common to all 
procedures.

Specifically:
1) Live sessions and clinical case discussions, with em-

phasis on the strategy to be applied in different situations
2) Non-technical skill simulation as training on how 

to manage the complications within the multidisciplinary 
team, with anesthetist and nurses 

3) Training on the patient with a tutor and then under 
supervision: a video monitor for larger image display may 
be most effective for the novice or trainee

4) Training on patient under supervision (in cases where 
it is allowed by law)55

Number of procedures: unknown since ITI is a life-
threatening scenario

Register all the procedures by log-book
Qualitative assessment is based on clinical outcome af-

ter ITI diagnosis and treatment. (improvement in symp-
toms, quality of life and survival) and complications.55

The establishment of a secure airway may require endotra-
cheal intubation or rigid bronchoscopy. 

Skills

The Interventional Pulmonologist is pivotal in the diagno-
sis and urgent (often definitive) treatment of ITI (conser-
vative treatment vs. surgery or stent) (Table V).

•  Pathophysiology and radiographic interpretation of 
tracheal lesion (CT scan).

•  Interpretation of endoscopic images of lesions and 
asses extent of injury.

•  Initial stabilization and decision regarding urgency 
and emergency

•  Decision regarding endoscopic or surgical approach 
depending on acuteness of presentation, underlying cause 
and type of lesion, patient stability

•  Basic bronchoscopy and interventional procedures 
with rigid bronchoscopy

•  Patients with high surgical risk can be treated by 
placement of a covered self expanding metallic stent 
(SEMS) or a silicone stent. It mechanically obstruct the 
tracheal defect and cause an exuberant inflammatory re-
sponse with granulation tissue formation.

The stent can be removed after 4 to 6 weeks as the heal-
ing of the tear is noted.75

Procedural steps

1) Clinical suspicion (acute respiratory distress after extu-
bation; pneumothorax, pneumomediastinum)
2) CT chest imaging (with oral contrast in case of con-
comitant esophageal injury)
3) Bronchoscopy (diagnosis and treatment)

•  Reintubation under bronchoscopic guidance to place 
the ET cuff beyond the site of the injury, to avoid worsen-

Table V.—�Indications for conservative and surgical treatment of 
tracheobronchial injury.75

Conservative treatment
Spontaneously breathing patients
Minimal mechanical ventilation
No evidence of esophageal or mediastinal compromise

Surgical indications after failure of conservative treatment
Worsening subcutaneous emphysema
Progressive pneumomediastinum
Pneumothorax with persistent air leak
Pneumothorax with failure of lung re-expansion despite chest tube placement

Emergency surgical indications
Esophageal wall prolapses into the tracheobronchial lumen
Failure to ventilate
Intraoperative diagnosis of tracheobronchial injury
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