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A systematic approach to the management of massive hemoptysis
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Abstract: Massive hemoptysis is regarded as a potentially lethal condition that requires immediate
attention, and prompt action. Although minor hemoptysis is frequently encountered by most clinicians,
massive hemoptysis in far less frequent and most physicians are not prepared to manage this time-sensitive
clinical presentation in a systematic and timely fashion. Critical initial steps in management need to be
implemented in an expedited fashion, such that patients may have a chance at a more definitive treatment.
In this article, we review the definition, vascular anatomy, etiology, diagnostic evaluation, epidemiology
and prognostic markers of massive hemoptysis. A systematic approach to management, stabilization and

treatment options is followed. An algorithm is proposed for the management of massive hemoptysis and the

importance of a multidisciplinary approach is emphasized.
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History

Massive hemoptysis had been long recognized by physicians
as an emergent and incurable presentation, and it wasn’t until
the late 1940’, whereby surgical treatment which had an
impact on clinical outcome, was described. This treatment
was aggressive as the nature of massive hemoptysis was
deemed to be that of a surgical emergency. It was stressed
that after localizing the bleeding site, massive hemoptysis
constituted a clear indication for thoracotomy (1-3).
Management principles focused on patient examination,
positioning for postural drainage, minimization of
sedatives to ensure preservation of the cough reflex, and
blood transfusion initiation. Pituitary derivatives as well
as conjugated estrogens were used to aid in cessation of
bleeding (4). Rigid bronchoscopy was performed in the
operating room, only as a prelude to thoracotomy. Over
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time, other approaches such as insertion of bronchial
blockers, packing of the affected bronchial orifice with
cotton swabs and single lung ventilation by way of mainstem
intubation were performed. The operative procedure
depended on the findings, where ultimately lung resections,
to different extents were performed.

The prognosis of patients presenting with massive
hemoptysis was primarily derived by the degree of
hemorrhage, and subjects’ surgical candidacy.

As technology and innovation advanced, as well as our
understanding of the pathophysiology, reassessment of
the previously described surgical approaches commenced.
With improved availability of flexible bronchoscopy, the
advent of computed tomography (CT) scanning, as well as
the introduction of angiography with subsequent bronchial
artery embolization (BAE) (5), the optimal treatment
strategy was redefined.
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Epidemiology and natural history

One difficulty in determining the epidemiology of massive
hemoptysis is that there is no universally accepted definition
(see definition below). Although hemoptysis is a more
common clinical finding reportedly responsible for 6.8%
of outpatient pulmonary clinic visits, 11% of admissions to
a hospital pulmonary service, and 38% of patients referred
to a thoracic surgery practice (6,7), massive hemoptysis is
relatively rare. Studies estimate that 4.8-14% of patients
presenting with hemoptysis will have massive hemoptysis
(8-13), however this is debated given the heterogeneity
of studied populations. Tuberculosis, bronchiectasis, lung
abscesses and mycetomas have been consistently reported
as common causes of massive hemoptysis (6). Up to 20%
of lung cancer patients will experience hemoptysis at some
point in their clinical course, but massive hemoptysis affects
only 3% of this population (14). Massive hemoptysis in
cystic fibrosis is reported to have an annual incidence of
0.9-4.1% (15).

Despite differences in the criteria used to define massive
hemoptysis, risk of death from hemoptysis has correlated
with the rate of bleeding. An early study reported mortality
rates exceeding 70% in patients with bleeding rates greater
than 600 mL in 4 hours (hr). Furthermore, prior to the
widespread use of BAE, those deemed inoperable had
mortality rates greater than 75% when bleeding greater
than 600 mL within 16 hr (9).

As improved diagnostic and therapeutic modalities
developed, reported mortality rates have decreased with
recent studies quoting mortality rates ranging from 6.5-38%
(11,16-20).

Definition

Massive hemoptysis is a term used to describe a large
amount of expectorated blood or rapid rate of bleeding,
giving the impression that it, in and of itself, is associated
with a serious risk of mortality. Although regarded as a
potentially lethal condition, there is no clear consensus
on its definition. As this clinical phenomenon has been
described over the years, no uniform volume of hemoptysis
has been agreed upon in the literature (6). Thresholds
ranging from 100 mL/24 hr to more than 1,000 mL/24 hr
have been proposed to define massive hemoptysis
(8-11,16,21-23). Additionally, other terms such as “major”
hemoptysis, “severe” hemoptysis, and “exsanguinating”
hemoptysis have been used to describe the various degrees
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of bleeding. Finally, “life-threatening” hemoptysis has
been employed as a definition; understanding that there
is no uniform volume that may assign a predictable risk of
mortality, to a vastly divergent patient population (17,23).

In practice, the quantification of hemoptysis is often
difficult, and in many cases can be under-reported or
exaggerated by patients. This realization has further led to
the use of the “magnitude of effect” definition of massive
hemoptysis. Morbidity and mortality in patients with
hemoptysis depend on not only the volume of expectorated
blood, but the rate of bleeding, the timeliness of hemoptysis
management and the extent and severity of any underlying
disease reducing one’s cardiopulmonary reserve.

Massive hemoptysis magnitude of effect is defined as
the volume of expectorated blood that is life-threatening
by virtue of airway obstruction, hypotension or blood
loss (15,23-25). This definition relies on the main
clinical consequence of hemoptysis; examples of such a
definition have included hemoptysis requiring transfusion,
hospitalization, intubation, aspiration of blood to the
contralateral lung, airway obstruction, hypoxemia requiring
mechanical ventilation (PaO, <60 mmHg) and death
(6,15,18,24-26).

Vascular anatomy

"Two vascular circulations, the pulmonary and the bronchial
systems supply the lungs. The former functions to
perform oxygenation and carbon dioxide excretion from
the body, while the latter provides arterial blood to the
tracheobronchial tree, as well as other structures to the level
of the terminal bronchioles. They also provide blood flow to
hilar lymph nodes, visceral pleura, pulmonary arteries and
veins, vagus nerve, and esophagus. The pulmonary arterial
system, which is a low-pressure circuit (normal pressures of
15-20 mmHg systolic and 5-10 mmHg diastolic), carries
blood from the right ventricle across the highly vascular
pulmonary capillary bed and return it via the pulmonary
veins to the left atrium. The pulmonary arteries interact
with the airway only at the level of the terminal bronchiole,
where they branch extensively around the alveoli for
efficient gas exchange (27,28).

Massive hemoptysis usually arises from the high-
pressure bronchial circulation (90%). In approximately 5%
of the cases, it arises from the aorta (ruptured aneurysms,
aortobronchial fistulae), or non-bronchial systemic
circulation (intercostal arteries, coronary arteries, thoracic
arteries originating from the axillary and subclavian arteries,
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and the upper and inferior phrenic arteries) and in another
5%, massive hemoptysis may arise from the pulmonary
vessels (29-31).

Bronchial arteries arise either directly or indirectly
from the aorta at the level of the third through eighth
thoracic vertebrae, most frequently at T5-T6 (32). At
least ten different patterns of bronchial arteriolar anatomy
have been recognized. The most common patterns that
have been described are a single intercostal trunk on the
right from which the right bronchial arteries arise and a
single left bronchial artery (30.5%); an intercostal trunk
on the right giving rise to the right bronchial artery and a
second common trunk form which right and left bronchial
arteries arise (25%); a right intercostal trunk giving rise
to a bronchial artery and two bronchial arteries on the left
(12.5%) (33). About 20% of bronchial arteries have an
aberrant origin from other systemic non-bronchial arteries.
In 5% of patients, a spinal artery originates from the
bronchial artery (34).

Anastomoses between the bronchial arteries and
tributaries of the pulmonary veins have demonstrated in
normal lungs at postmortem (28); these anastomoses permit
drainage of bronchial arterial blood into the left heart.
During chronic inflammatory or infectious lung conditions,
the volume of such communications may increase.
Enlargement and marked tortuosity of bronchial arteries,
and increased arterial blood flow have been observed. In
these circumstances, new collaterals from the bronchial
arteries or from other intrathoracic systemic arteries may
develop. These pathological changes can account for an
increased risk of bleeding (28).

Etiologies

Etiologies of massive hemoptysis and their record in the
literature have evolved over time. While prevalence of
tuberculosis (TB) has declined in developed countries,
with improved medical care of chronic lung diseases, the
incidence and ultimately prevalence of bronchiectasis has
increased (35,36).

Through the 1960, three etiologies accounted for 90%
of the cases of massive hemoptysis: TB, bronchiectasis,
and lung abscess (27). With advancing technology and
the more frequent use of CT scanning, both etiology and
pathophysiology of massive hemoptysis is better described.

Bronchiectasis, TB, mycetomas, necrotizing pneumonia,
cryptogenic hemoptysis and bronchogenic carcinomas are
considered among the most common causes of massive
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hemoptysis (Table I). Although TB accounts for fewer cases
of massive hemoptysis in recent literature, it remains the
most common cause of massive hemoptysis worldwide
with high prevalence of the disease in Africa and China
(11,16,18,37,47). In a retrospective cohort study, conducted
over a 14-year period at a tertiary university hospital in
Paris, France, investigators showed that of 1,087 patients,
bronchiectasis (20%), cryptogenic (18%), cancer (17%),
active TB (12%), and sequelae of TB (13%) were the most
common causes of massive hemoptysis in that patient
population. The average cumulative volume of hemoptysis
in these patients was 218 mL (19).

In bronchiectasis, chronic airway inflammation causes
hypertrophy and tortuosity of the bronchial arteries that
accompany the regional bronchial trees, as well as expansion
of the submucosal and peribronchial plexus of blood vessels.
Rupture of either the tortuous vessels or the capillary
plexus results in rapid bleeding subject to systemic blood
pressure in these vessels. Bronchiectasis may result from
prior infection (bacterial, viral, TB), cystic fibrosis, host
immune defects or impairment of the mucociliary clearance
apparatus such as in ciliary dyskinesia seen in Kartagener’s
or Young’s syndromes.

Massive hemoptysis can be a consequence of either active
or prior TB. In active TB, massive hemoptysis can occur
in cavitary or non-cavitary disease. This usually results
from bronchiolar ulceration with necrosis of adjacent
blood vessels (27). Bleeding is usually from the bronchial
arterial circulation, but occasionally active TB may cause
rupture of a Rasmussen’s aneurysm, which is derived from
the pulmonary arterial circulation (48). In prior TB, causes
of massive hemoptysis are usually a consequence of either
erosion of a calcified lymph node (bronchiolite) through
a bronchial artery and into an airway, bronchiectasis
secondary to structural damage from prior TB, or
mycetoma formation in a lung cavity from prior infection
with TB (49).

Approximately 20% of patients with lung cancer
will experience hemoptysis at some point during their
course, but only 3% of patients will present with massive
hemoptysis (50). The presence of large, centrally located
tumors with cavitation and especially squamous cell
carcinoma is associated with massive hemoptysis. Up to
80% of patients with massive hemoptysis due to malignancy
have history of small sentinel bleeding episodes during the
prior weeks.

Despite advances and innovations in medicine, there
still remain up to 20% of cases where no overt cause can
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Table 1 Underlying etiology of massive hemoptysis in previous studies

Radchenko et al. Massive hemoptysis management

Underlying cause of hemoptysis (%)

Study Country - Patients (0 Bronchiectasis Tuberculosis CI;L:;zr Mycetoma Iz;—:-scct‘iec;r;/ Cryptogenic Other
Fartoukh et al. (19) [2012] France 1087 20 25 17 6 - 18 20
Shigemura et al. (37) [2009] China 62 23 55 6 8 6 - 2
Valipour et al. (38) [2005] Austria 57 8.5 23 35 - - 16 175
Fartoukh et al. (39) [2007] France 195 40 14 17 7 3 - 9
Ong and Eng (18) [2003] Singapore 29 66 10 7 14 - - 3
Hsiao et al. (40) [2001] USA 28 57 7 14 - - 7 14
Revel et al. (41) [2002] France 80 31 19 11 7.5 - 10 21.5
Mal et al. (17) [1999] France 46 9 50 4 2 4 22 9
Knott-Craig et al. (16) [1993] South Africa 120 - 73.3 5 6 25 8.3 -
Crocco et al. (9) [1968] USA 67 10 73 8 - 9 - -
Gourin and Garzon (42) USA 62 11 73 3.2 - 6.5 - -
[1974]

McCollum et al. (43) [1975] USA 15 20 33 6.7 13.3 - 6.7 -
Yang and Berger (44) [1978] USA 20 15 50 15 5 - 10 -
Garzon et al. (25) [1982] USA 24 17 46 13 - 8 8 -
Conlan et al. (45) [1983] South Africa 123 30 38 4.9 3.3 4.9 - -
Uflacker et al. (33) [1985] Brazil 75 1.3 76 - 16 2.6 - -
Johnston and Reisz (12) USA 22 4 18 4 9 4 - 26
[1989]

Hirshberg et al. (11) [1997] Israel 29 21 - 13.8 - 24 - -
Reisz et al. (13) [1997] USA 23 - 22 43 - 4 - 4
Tanaka et al. (46) [1997] Japan 47 17 53 10 - - 8.5 10

be discerned, and thus categorized as cryptogenic massive
hemoptysis (17,19). Cryptogenic massive hemoptysis is
more likely to develop in smokers (51,52).

Fungal infections have increased in frequency,
especially among patients who are immunocompromised,
or have preexisting cavitary lung disease. Among fungal
infections, aspergilloma is the most common cause of
massive hemoptysis with rates from 50-90% (27). Invasive
pulmonary parenchymal fungal infections can cause
massive hemoptysis, particularly in aspergillus or mucor
infections (27). This is due to the distortion of parenchymal
and vascular structures, ultimately inducing massive
hemorrhage.

The prevalence and etiologies of massive hemoptysis, as
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reported in previous studies, are summarized in Table 1. A
comprehensive list of causes is represented in Table 2.

Diagnosis

The diagnostic workup for massive hemoptysis should be
undertaken as soon as possible and after the patient has
been stabilized. A thorough evaluation should begin with
a history and physical examination when possible; this
not only can provide insight into a possible etiology, but
may also aid in determining the most appropriate next
step in management. Examination should focus on ruling
out non-pulmonary causes of bleeding such as epistaxis or
hematemesis.
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Table 2 Causes of massive hemoptysis
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Table 2 (continued)

Infectious
Mycobacteria
Fungal infections (mycetomas)

Necrotizing pneumonia and lung abscess (Klebsiella,
Pseudomonas, Streptococcus, Actinomyces)

Bacterial endocarditis with septic emboli
Parasitic (paragonimiasis, hydatid cyst)
Neoplastic
Bronchogenic carcinoma
Endobronchial tumors (carcinoid, adenoid cystic carcinoma)
Pulmonary metastases
Sarcoma
Pulmonary
Bronchiectasis (including cystic fibrosis)
Chronic bronchitis
Alveolar hemorrhage and underlying causes
Diffuse alveolar damage
Cardiac/pulmonary vascular

Pulmonary artery aneurysm (rasmussen aneurysm, mycotic,
arteritis)

Bronchial artery aneurysm

Pulmonary infarct (embolism)

Pulmonary hypertension

Congenital cardiac or pulmonary malformations

Airway-vascular fistulae

Arteriovenous malformations

Mitral stenosis

Left-ventricular failure

Pulmonary veno-occlusive disease
Vasculitis/collagen vascular disease

Granulomatosis with polyangiitis

Goodpasture’s syndrome

Behcet’s disease

Systemic lupus erythematosus

Essential mixed cryoglobulinemia

Henoch-Schonlein purpura

Mixed connective tissue disease

Progressive systemic sclerosis

Rheumatoid arthritis

Systemic necrotizing vasculitis

Immune complex associated glomerulonephritis

Pauci-immune glomerulonephritis

Table 2 (continued)
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Hematologic
Coagulopathy (congenital, acquired or iatrogenic)
Platelet disorders
Thrombotic thrombocytopenic purpura
Drugs and toxins
Penicillamine
Solvents
Crack cocaine
Trimellitic anhydride
Bevacizumab
Isocyanates
Nitrofurantoin
Trauma
Catheter-induced PA rupture
Blunt or penetrating chest injury
Transtracheal procedures
latrogenic secondary to interventional pulmonology procedures
Bronchoscopic biopsy
Miscellaneous
Cryptogenic
Endometriosis
Lymphangiolyomyomatosis
Broncholithiasis
Foreign body aspiration
Lung transplantation
Tuberous sclerosis

Idiopathic pulmonary hemosiderosis

PA, pulmonary artery.

Primary laboratory studies should be sent and include
type and cross-matching of blood, complete blood counts
and differential, coagulation profile, electrolytes, liver
function tests, urinalysis, and arterial blood gas.

The utility of fiberoptic bronchoscopy (FOB) in
localizing the bleeding site in the setting of minor
hemoptysis is significantly lower when compared to massive
hemoptysis. In the setting of massive hemoptysis, FOB
is the initial diagnostic procedure of choice in patients
with massive hemoptysis because it can be performed
at the bedside, it is readily available, and it is often
successful at localizing the bleeding site if it is performed
while the patient is bleeding (27,31). Reviewing patients
in a retrospective study, Hsiao er /. showed that FOB
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successfully localized the bleeding site in 93% of patients
with massive hemoptysis (40). FOB not only proves to
be instrumental in establishing and maintaining a patent
airway thus stabilizing the patient, but also provides vital
information upon which the next step in management can
be taken. Rigid bronchoscopy can be used concomitantly
with FOB, as mentioned below.

The imaging modalities pertinent to the evaluation
of massive hemoptysis include chest radiography (CR),
multidetector CT scan and thoracic aortography—BAE.
There is uniform recognition of the efficacy of CR in the
initial evaluation, as it can be performed rapidly and can
guide therapy with moderate effect. The reported efficacy
of CR in identifying the site of bleeding is based on a wide
range of reports (33-82%), in variable patients populations,
during different eras of medicine, in different parts of
the world where the epidemiology of disease differed
(11,18,26,40,41,53). CR revealed the underlying cause in
35% of cases (53). Rarely, CRs can be normal, at a rate of
13% of patients, of whom 70% had bronchiectasis (41).

CT may be comparable to bronchoscopy for identifying
the site of bleeding (70% vs. 73% respectively), however
CT has been found to be more efficient than bronchoscopy
in identifying the cause of bleeding (77% vs. 8%,
respectively, P<0.001) (41). Several studies compare CT
with bronchoscopy, and it has been demonstrated that in a
study of 40 cases of hemoptysis with normal bronchoscopy,
abnormalities were seen in 50% of patients on subsequent
chest CT scan. These abnormalities included bronchiectasis
(18%), mass (10%), alveolar consolidation (10%), and
abnormal vessels (7.5%) (54). Furthermore, a prospective
study compared CT to bronchoscopy in 91 patients
with hemoptysis; CT demonstrated all 27 tumors identified
at bronchoscopy, as well as seven additional lesions.
There were 14 cases of bronchiectasis, all of which were
detected by CT alone (55). In 40% of cases involving
positive CRs, CT was complementary to bronchoscopy
for clarifying radiographic abnormalities and/or providing
new diagnostic information (56). Some suggest that CT
can replace bronchoscopy as a first-line investigational
approach in a patient with massive hemoptysis because of
its higher diagnostic yield (26), while others advocate it as
complementary to FOB for bleeding site identification (41).
In patients not requiring FOB for airway management, CR
and CT are highly informative to guide the approach to
BAE (40). In the setting of true massive and life threatening
hemoptysis however, FOB is the first-line in management.
While CT scanning may not be readily available in an
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unstable rapidly hemorrhaging patient who will need
stabilization prior to transport, bronchoscopy is invaluable.
Additionally, although CT scanning has limited benefit in
localization of bleeding site in the setting of bilateral lung
disease, FOB has proven to be efficient in identifying the
site of hemorrhage (31) (Figure I).

Once airway stabilization and site localization is
accomplished, CT scanning of the chest can add additional
information with regards to the underlying etiology,
which could be easily missed on bronchoscopy, such as
bronchiectasis or aspergilloma. One particular benefit in
utilizing CT in patients with massive hemoptysis is its
ability to precisely delineate bronchial and non-bronchial
systemic arterial blood supply. In patients who ultimately
undergo BAE, CT prior to this therapy can provide
additional information about vascular anatomy (57-59) (see
Table 3 for summary).

There has been limited investigation into the role of
nuclear imaging in the assessment of massive hemoptysis.
However, nuclear imaging may prove limited without the
presence of active bleeding, and furthermore, the feasibility
of transferring a patient with massive hemoptysis to
undergo such study may not be viable.

Prognostic indicators

Prognostic features for poor outcomes in patients with
massive hemoptysis have been identified in the literature.
Crocco et al. found a direct correlation between the rate of
hemoptysis and mortality, reporting a 71% mortality rate
in patients who lost more than 600 mL of blood in 4 hours,
22% mortality rate in patients bleeding greater than 600 mL
within 4 to 16 hours, and a 5% rate in those with 600 mL
of hemoptysis within 16 to 48 hours (9). Furthermore,
patients with bleeding rates exceeding 1,000 mL/24 hours
were shown to have higher mortality reported as 58% and
78% in-hospital mortality in previous surgical series (8,10).
Other features associated with death include radiographic
evidence of aspiration to contralateral lung, hemodynamic
instability, massive hemoptysis caused by neoplasm as well
as clinical features that would exclude patients from surgical
intervention (for example, inadequate pulmonary function,
debilitated states, bilateral bleeding sources, inability to
localize bleeding, or metastatic cancer) (7,8,10). Aspiration
of blood in the contralateral lung, and massive bleeding
requiring single-lung ventilation were further associated
with higher mortality (6,8,10). Corey and Hla found that
hypotension was associated with increased mortality (33%
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Figure 1 Examples of bronchoscopy requirement for lateralizing. (A,B) A 59-year-old female with massive hemoptysis and evidence of

bilateral bronchiectasis. Bronchoscopy revealed right lower lobe as a source of hemorrhage; (C) a 47-year-old male with bilateral cavitation

and mycetoma. Right upper lobe was identified as source of bleeding by FOB; (D) both subjects were stabilized by ETT intubation and right

sided bronchial blockade prior to BAE. ETT, endotracheal tube; BAE, bronchial artery embolization.

Table 3 Diagnostic tools in evaluation of massive hemoptysis

Diagnostic tool CR (%) CT (%) FOB (%)
Identifying site of bleeding 33-82 70-88.5 73-93
Revealing underlying cause 35 60-77 2.5-8

CR, chest radiography; CT, computed tomography; FOB,
fiberoptic bronchoscopy.

vs. 12%), requiring blood transfusion had an increased
mortality compared to those who did not (72% vs. 27%),
and if patients were considered operable based on clinical/
functional assessments, they had a higher survival rate than

those deemed inoperable (8). Although bronchiectasis
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was found to have a low mortality rate, Osaki et /. found
that bronchiectasis was associated with a higher rate of
recurrence of hemoptysis in a series of patients treated by
BAE (60). Additionally, Van den Heuvel ez 4/. found that
in patients who had undergone BAE for life threatening
hemoptysis and experienced recurrent bleeding such as in
those with bronchiectasis, there was a higher mortality rate.
They also identified the following risks for recurrence of
hemoptysis: residual bleeding beyond the first week after
BAE, blood transfusion before the procedure, and diagnosis
of aspergilloma as the underlying etiology. Conversely,
patients with active TB undergoing medical treatment
experienced significantly fewer episodes of recurrent

bleeding events (61).
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In a retrospective study of 30 oncology patients
undergoing BAE for varying degrees of hemoptysis, Wang et
al found that non-tumor related hemoptysis was associated
with better survival in comparison with tumor related
bleeding. Of the nine patients who died within 30 days
of BAE, eight of them had tumor related hemoptysis (62).
Razazi et al. further sought to identify risk factors, which
were associated with mortality using univariate and
multivariate regression, specifically in patients diagnosed
with non-small cell lung carcinoma (NSCLC), who
presented with severe hemoptysis (>100 mL at admission).
Retrospectively reviewing 125 patients, the investigators
found that preadmission Eastern Cooperative Oncology
Group (ECOG) performance status >2, advanced stage and
mechanical ventilation were independent predictors of in-
hospital mortality. ECOG performance status >2, advanced
stage, cancer progression, and cavitation/necrosis were
independently associated with 1-year mortality (63).

Fartoukh ez 4l. retrospectively studied 1,087 patients with
hemoptysis at a tertiary hospital, with a mean cumulative
expectorated volume of 218 mL. Multivariate logistic
regression model showed good concordance between
predicted and observed probabilities of death with good
discrimination (receiver operating characteristic curve area
0.87; 95% CI, 0.82-0.92). The model-based score [chronic
alcoholism, pulmonary artery (PA) involvement, and
radiographic patterns, one point each; cancer, aspergillosis
and mechanical ventilation, two points each] predicted the
probability of death as follows: score 0, 1%; score 1, 2%;
score 2, 6%; score 3, 16%; score 4, 34%; score 5, 58%;
score 6, 79%, and score 7, 91% (19). A threshold value
of 300 mL of expectorated blood was the best predictor
of in-hospital mortality in univariate analysis. However,
after adjusting for other predictors, the estimated volume
expectorated did not remain predictive of death.

Initial approach and stabilization

The initial step in the management of massive hemoptysis
should focus on efficient stabilization (64). Advanced
cardiac life support (ACLS) should be implemented as soon
as possible. The non-bleeding lung should be protected,
and this may be achieved by turning the patient to the
bleeding side, such that the blood is isolated to the bleeding
lung due to gravity, and the non-bleeding side remains
intact and fully aerated (65). Ideally, every measure taken
to stabilize the airway needs to be calculated, rehearsed
in advance and practiced in simulation sessions as a team.
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The most important point to note when managing massive
hemoptysis, is that time is of the essence and every second
lost, may equal to a number of alveoli flooded with blood.

Additionally, it is important to note that massive
hemoptysis is often the result of procedural complications.
This important fact highlights the value of pre-procedural
preparedness and prevention. A review of patients’
medications and laboratory studies needs to be undertaken.
Coagulation parameters should be evaluated such that
appropriate reversal may be employed depending on
the clinical scenario. Thrombocytopenia in itself can
increase bleeding rates for which previous literature has
suggested safety thresholds of 20,000-50,000/mm’ for
flexible bronchoscopy, and greater than 50,000/mm’
for transbronchial lung biopsy (TBLB) (66-69). Uremic
patients have higher bleeding rates if undergoing invasive
procedures such as major surgery, renal biopsy, or TBLB.
Dransfield and Garver were able to reduce bleeding risk
in lung transplant patients who underwent TBLB by
implementing a standardized bronchoscopy guideline, for
which patients with a BUN greater than 30 mg/dL were
administered desmopressin prior to their procedure (70).

Antiplatelet medications have been shown to increase
bleeding complication rates in patients undergoing TBLB.
Although Herth et 4/. did not show a significant difference
in the incidence of minor, moderate or major bleeding
in patients taking aspirin (71), the same cannot be said
regarding patients taking other antiplatelet regimens. In
a study comparing TBLB in patients taking clopidogrel
with and without aspirin, Ernst et #/. showed alarming
rates of mild, moderate and severe bleeding rates in
patients taking clopidogrel (16/18, 89%), as well as in
those taking clopidogrel plus aspirin (12/12, 100%) (72).
There is insufficient data on newer antiplatelet agents (i.e.,
prasugrel, ticagrelor) to summarize their effects in patients
experiencing hemoptysis, however one must be cognizant of
their potential for higher bleeding rates.

Establishing an airway

Establishing a definitive airway is the most important
step in the management of massive hemoptysis (64,73).
Multiple modalities have been described to achieve airway
control in such settings. The advantages and disadvantages
of single lumen endotracheal tube (ETT), double lumen
endotracheal tube (DLETT) and rigid bronchoscope are
described in Table 4.

Important considerations in securing the airway during
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Table 4 Definitive airway control in massive hemoptysis

Endotracheal intubation

with

Rigid bronchoscope

(Not preferred) double lumen ETT

Large lumen ETT

Requires experience, equipment—time

consuming to set up

Requires experience and FOB confirmation of

placement

Fastest

Time to establish the

airway

Single lung ventilation can be accomplished if the Ability to ventilate while operating the rigid

Availability of operator, can be

Advantages

lumen is not occluded with clots, can be performed at scope, FOB can be used concomitantly, ability

allows use of large FOB for suction and the bedside

performed at the bedside, large lumen
placement of bronchial blocker

to alternate between bleeding and non-bleeding

lungs, large lumen allows for passage of multiple

instruments

Multiple attempts may be needed to achieve definitive Requires expertise for safe practice, equipment,

airway, small lumen can only accommodate pediatric and personnel

FOB which is inefficient for airway clearance, small

lumen can be easily occluded with clots

Single lung intubation will not allow
intervention on the bleeding lung

Disadvantages

© Journal of Thoracic Disease. All rights reserved.

ETT, endotracheal tube; FOB, fiberoptic bronchoscopy.
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hemoptysis are access to equipment, availability of skilled
operators, and an efficient and organized approach to
securing the airway. Of the available options to secure the
airway in massive hemoptysis, ETT intubation is the most
readily available. An ETT with an internal diameter (ID)
of 8.5 mm and above is ideal and necessary in appropriate
management. Large lumen (8.5-9 mm ID) ETT allows
for the use of instruments such as therapeutic flexible
bronchoscope and bronchial blockers without occluding
the lumen and limiting ventilation and oxygenation.
This is particularly important when managing massive
hemoptysis. Clot extraction and recovery of airway patency
can be accomplished using therapeutic bronchoscopes
with larger working channels. This task is often difficult
to accomplish when working through an ETT lumen of
less than 8 mm ID. Once the vocal cords are intubated,
the ETT should be advanced beyond the distal trachea,
intubating the non-bleeding airway. A flexible bronchoscope
should always be used to aid in guiding the ETT or used
immediately to verify that the correct mainstem bronchus
is intubated. After suction and clearing of the non-
bleeding lung from any spilled blood/clots and recovery
of oxygenation and ventilation, the next steps can be
performed as outlined below. DLETT can provide single
lung ventilation and isolation of the bleeding side. However
it requires placement by an expert team and even during
a controlled nonemergency situation is time consuming.
DLETT contains two small working channels, which can
accommodate a pediatric size bronchoscope, which is not
an effective tool for clot extraction. Most importantly, the
small lumens of a DLETT can easily obstruct with blood
and clots, making any access to the airway nearly impossible
(23,74). We recommend against the use of DLETT in the
management of massive hemoptysis (Figure 2).

Bronchoscopy

While the management of massive hemoptysis has often
been described in a stepwise approach, in real life, multiple
interventions occur simultaneously. As mentioned above,
the primary approach to massive hemoptysis starts with
securing an airway, positioning the patient with the bleeding
side down, and intubating the non-bleeding airway with
a single lumen ET'T. It is however, important to notice
that in the majority of circumstances, these steps cannot
be successfully accomplished without direct visualization
using a FOB. If the side of bleeding is known by way of
recent history, imaging clues, or immediate pre/post-
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Figure 2 Clot extraction should be efficiently performed through
the lumen of a rigid bronchoscope or an ETT with ID of >8.5 mm.
Figure shows a large saddle clot extracted through the lumen of an
endotracheal tube with 8.5 mm ID. ET'T, endotracheal tube.

procedure complication, then patient positioning can be
successfully accomplished without direct visualization. On
many occasions however, FOB is required to localize the
side of bleeding. The two key objectives of bronchoscopic
management of hemoptysis are: (I) clearing the airway of
blood to maintain adequate ventilation (this is especially
true in the non-bleeding lung); and (II) establishing a clear
vision of the bleeding side to enable implementation of
bronchial blocker or other endobronchial techniques (6).
As mentioned above, the utility of early FOB in
localizing the bleeding side is important in the setting
of massive hemoptysis, when compared to mild and
moderate hemoptysis (75-77). Hirshberg er 4. noted that
bronchoscopy was more effective in localizing the bleeding
site in the setting of moderate to severe hemoptysis (64%
and 67%) versus mild hemoptysis (49%) (11). Additionally,
FOB is often required for successful intubation of the non-
bleeding main bronchus. When massive hemoptysis follows
an endobronchial procedure such as TBLB, the flexible
bronchoscope can be wedged in to the bleeding secondary
bronchus to tamponade and stop the spillage of blood to
the surrounding bronchi and the non-bleeding lung. This
can be accomplished while the patient is placed with the
bleeding lung in dependent position. In such circumstances,
it is recommended to avoid use of suction and allow for clot
formation and tamponade, all while the bronchoscope is

© Journal of Thoracic Disease. All rights reserved.
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wedged in place for at least 3—5 minutes (6,76,78-80).

Bronchial blocking techniques

The bleeding site should be isolated and blocked for two
reasons; first, bronchial blockade prevents the aspiration
and contamination of blood in the contralateral lung,
which allows for continued ventilation to the unaffected
side. Second, stabilization provides sufficient time for the
next step in management, often requiring patient transport
for interventional radiology or surgical management.
Additionally, on occasion, bronchial blockade can result in
tamponade, clot formation and temporary hemostasis (80).
A bronchial blocker, occasionally used during surgical
procedures requiring single lung ventilation, can be used
to isolate the bleeding lobe or lung, while providing
ventilation to the remainder of the lung. In one of the
first demonstrations of bronchial blockade therapy for
massive hemoptysis, a silicone spigot was advanced with
bronchoscopic guidance to the right upper lobe, and left
in place for a successful BAE which followed 2 hours
later (81). Several commercially available bronchial
blockers such as Arndt blocker, Cohen Flexitip blocker,
Fuji Uniblocker, and the EZ Blocker may be used (82). A
bronchial blocker consists of a long flexible catheter (4.5F-
9F, 65-78 cm length) that is inserted through the ET'T,
usually with bronchoscopic guidance to the bleeding airway.
The distal end of the catheter contains a cuff that can be
inflated in the mainstem or lobar branches. Since bronchial
blockers are prone to dislodgement, they are usually placed
in the mainstem bronchi or the bronchus intermedius. An
adapter at the proximal end of the ETT allows separate
ports for entry of the blocker, bronchoscope and attachment
of ventilator tubing simultaneously (83). The use of a
bronchial blocker is a temporizing measure often in the first
48-72 hours of hemoptysis, and daily flexible bronchoscopy
should be performed to monitor for bleeding as well as the
position of the blocker (73). Placement is often followed
by the application of a more definitive therapeutic measure
such as BAE. Once hemostasis has accomplished, every
attempt should be made to deflate the balloon and allow for
the bronchoscopic clearance of secretions and clots. Leaving
the blocker in place for longer durations increases the risk
of post-obstructive atelectasis, pneumonia, compression
trauma and necrosis of the bronchial wall mucosa (31,84).
Balloon tamponade can also be achieved by use of other
catheters such as Fogarty catheters, which are inserted
through the working channel of a flexible bronchoscope (65).
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These catheters cannot be left inside the airway, but offer
effective tamponade if applied over the bleeding site.

PA catheter has been used in the past to manage massive
hemoptysis. The advantage of using a PA catheter is that
the smaller catheter can be deployed and inflated distally
into smaller bronchi, thereby maintaining ventilation of
the remainder of the lung (85). Additionally, the inflation
pressure can be measured and altered according to the
size and location of the bronchus where the PA catheter
is deployed. In a case series of three patients (86), this
technique was used to block segmental or subsegmental
bronchi with an inflation pressure of 30-50 mmHg. The
method was successful in controlling massive hemoptysis
in all three cases within 48 hours. This technique is not
routinely employed because often in massive hemoptysis,
blockade of a larger airway is necessary when the bleeding
distal airways cannot be identified. Other commercially
available endobronchial blockers are available to block the
proximal airways and are preferred over PA catheters (83).

Rigid bronchoscopy

Rigid bronchoscopy provides the advantage of establishing
a safe and patent airway, that allows for isolation of
the bleeding bronchus and maintain oxygenation
and ventilation to the non-bleeding lung (87). Rigid
bronchoscopy provides a large lumen for the passage of
rigid suction, a large bore suction that allows clearance of
obstructive clots under direct visualization (79). Compared
to the therapeutic flexible bronchoscope, the large working
channel of a rigid bronchoscope, can accommodate for
a rigid suction catheter, a small soft suction catheter
and a flexible bronchoscope for both suction and airway
visualization, simultaneously. This efficient method of clot
extraction, allows for timely resumption of ventilation and
oxygenation, blockade of the hemorrhaging airway under
direct vision and the use of intrabronchial therapeutic
tools such as thermal techniques or application of ice-cold
saline (73).

Bronchoscopic interventions for bleeding control
Endobronchial medical therapy

Multiple agents are used for endobronchial instillation
in an attempt to obtain hemostasis, particularly when the
source of bleeding is beyond the bronchoscope’s reach
(88,89). Conlan er al. used ice-cold saline irrigation in
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12 patients with massive hemoptysis defined as >600 cc
of blood within 24 hours. In their study, irrigation with
4 °C normal saline in 50 cc aliquots was performed using
rigid bronchoscopy. Each patient underwent 300-750 cc
of ice-cold saline lavage to the bleeding site. No other
interventions were performed for massive hemoptysis
management. Hemostasis was achieved in all 12 patients.
Transient bradycardia during irrigation was noted in one
patient, and two patients experienced recurrent hemoptysis
in the same hospitalization. All patients were discharged
from the hospital without additional intervention and three
patients with bronchiectasis had follow up elective surgical
resection (90). There were no controlled or comparison
groups and the results of this study have not been verified in
the literature (38).

Epinephrine and norepinephrine have been used in
cases of massive hemoptysis, following TBLB to control
bleeding (84), however the literature reports many different
doses and dilutions of epinephrine, from 1:100,000
solution up to 20 mL of 1:20,000 solution (91-94). Cardiac
arrhythmia is noted at doses as low as 0.1 mg and although
dilute doses are used in endobronchial application, caution
must be exercised. Mall ez a/. reported the use of 1:1,000
epinephrine on 21 patients undergoing endobronchial
biopsies in an average dose of 0.12 mg of epinephrine
injected endobronchially after the biopsy and no cardiac
arrhythmias were noticed (95). Vaknin et /. studied the
effect of endobronchial adrenalin on five dogs following
the treatment with beta-blocker. They concluded that
hypotension observed in dogs that were not treated with
beta-blockers prior to endobronchial adrenalin application,
was due to beta-adrenergic effect from the adrenalin (96).
Steinfort er al. reported two cases of iatrogenic
endobronchial bleeding following TBLB. A 5 mL aliquot of
endobronchial epinephrine (1:20,000) was injected in both
cases and an episode of narrow complex QRS tachycardia
followed by ventricular fibrillation and hypotension was
witnessed with elevated serum levels of epinephrine (97).
Two ADH-derivatives (ornipressin and terlipressin)
were used in cases of mild to moderate airway bleeding
following TBLB in a retrospective study. Fifteen patients
were identified in each group; it was noted that following
terlipressin instillation, heart rate increased from 93+17 to
10122 bpm (P=0.03), and blood pressure decreased from
107+14 to 101+17 mmHg (P=0.04). In contrast, ornipressin
did not result in such adverse events (98). Tranexamic acid,
a synthetic anti-fibrinolytic agent, used endobronchially to
control bleeding induced by TBLB for the management of
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massive hemoptysis has been reported only in the form of
case reports (99,100).

Valipour er al. described a method of bronchoscopy-
guided topical hemostatic tamponade therapy (THT)
in patients with life-threatening hemoptysis. THT was
performed on patients with persistent endobronchial
bleeding despite wedging, cold saline solution lavage, and
regional instillation of epinephrine. The hemostatic agent
used was oxidized regenerated cellulose (ORC), which is a
sterile, knitted fabric, which swells into a gelatinous mass
that aids in the formation of clot after it has been saturated
with blood. THT was successfully performed in 98% of
patients (56/57) with an immediate stop of hemoptysis.
All 56 patients remained free of hemoptysis for the first
48 hr, however recurrent hemoptysis characterized as mild
(<30 mL); or moderate (30-100 mL) developed in six
patients (10.5%) between 3 and 6 days after THT. Clinical
signs and/or radiologic evidence of postobstructive
pneumonia developed in five patients (9%) within 6 days.
Follow up bronchoscopic studies in 14 patients showed
complete absorption of the material used for THT, and
there was no histological evidence of foreign body tissue
reaction (38).

Given the low risk profile reported with the use of
iced normal saline, its availability and ease of use, we
recommend use of endobronchial 4 °C normal saline, when
available, to aid in accomplishing hemostasis. If epinephrine
and norepinephrine is considered, the use of lower
concentrations (1:100,000) in 2 mL aliquots, not exceeding
maximum dose of 0.6 mg; close cardiac monitoring and
limitation of use in patients with underlying coronary artery
disease and cardiac arrhythmias is recommended (101).
THT using ORC can be performed when other
conservative strategies fail. It is noteworthy that in the
setting of conservative management, the risk of recurrence
is high and such measures are almost always complementary
to a more definitive management method (8).

Thermal ablative methods

The use of endobronchial ablation, requires skills and
expertise as well as equipment. In inexperienced hands,
application of such methods of therapy can retract focus
from more definitive modes of massive hemoptysis
management. When used in the management of massive
hemoptysis, thermal ablation is often applied in the setting
of airway tumors, tumor debulking or other procedures
that result in hemorrhage. These methods often accompany
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other methods of hemoptysis management. Close attention
must be paid to the risk of airway fire if heat is used in the
airway. Supplemental oxygen should be decreased to below
0.4 FiO, to prevent airway fire.

Laser therapy—Nd:YAG and Nd:YAP: light emitted
by Nd:YAG laser is in the infrared spectrum. The energy
from the laser beam is absorbed by tissues, and converted
to heat, producing local effects such as photocoagulation,
vaporization and necrosis. Laser therapy has been
extensively used since the 1970s for management of airway
tumors (102). Although still primarily used to debulk
airway tumors, the photocoagulation effect of laser makes it
attractive in the management of massive hemoptysis. One of
the disadvantages of laser therapy is that it can only be used
if bleeding originates from the airway wall/mucosa.

Dumon et al. demonstrated effective hemostasis in
mild and moderate hemoptysis by photoresection and
vaporization of underlying tumor using Neodymium:
yttrium aluminum garnet (Nd:YAG) laser therapy (103).
Encouraging evidence has been provided by Han ez 4/. in
their review of 110 patients who received 153 Nd:YAG laser
treatments for endobronchial tumors (104). Hemoptysis
was present in 52 cases, and was successfully resolved in 40
(77%) instances. Nine (17%) cases had a reduction in the
amount of hemoptysis, while the therapy was unsuccessful
in three (6%) cases. The study does not specify the severity
of bleeding.

Electrocauterization—Argon Plasma Coagulation and
Electrocautery: argon plasma photocoagulation (APC) is a
non-contact method of inducing photocoagulation. This is
achieved by using argon, an inert gas, to act as the medium
for conduction of electricity. The electric current conducts
through the inert gas and reaches target tissue. APC
photocoagulation induces clot formation and is an effective
way to control bleeding in massive hemoptysis originating
from airway wall mucosa. Morice er /. analyzed the use
of APC for indications of airway tumor debulking and
hemoptysis in sixty patients (105). Thirty-one patients had
hemoptysis alone and twenty-five patients had both tumor
and hemoptysis as the indication for APC therapy. Six of
these patients had hemoptysis >200 mL per day. There was
immediate resolution of hemoptysis in all patients, with no
recurrence during a mean follow-up period of about three
months.

Endobronchial electrocautery is an effective way to treat
bronchial tumors. This technique uses direct electrical
energy applied to tissue by contact. The tissue converts
the electrical energy to heat, resulting in coagulation and
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necrosis. The availability of cautery blades and snares make
this an effective method to debulk tumors (73,106). Like
the previous ablative methods discussed above and when
the site of bleeding is identified and accessible to a contact
probe, this technique may be used in the management of
both massive and non-massive hemoptysis, after decreasing
supplemental oxygen to less than 0.4 FiO,.

Treatment following localization and
stabilization

Endovascular interventions: BAE

First introduced in 1974, BAE is now widely used, often as
first line therapy in the management of massive hemoptysis
(107-109). Details of procedural technique in BAE are
beyond the scope of this manuscript and should be reviewed
elsewhere. Arteriogram is performed usually via a femoral
artery cannulation. Active extravasation of contrast is seen in
only 10-15% of all cases of hemoptysis. Lesions considered
in lieu of active extravasation of contrast are bronchial
arterial hypertrophy and tortuosity, hypervascularity,
aneurysm formation, and arteriovenous malformations
(107-109). Normal bronchial arterial appearance may be
seen in up to 20% of cases. Embolotherapy of the offending
bronchial artery is performed using one of many available
studied agents. These include gelatin sponge, polyvinyl
alcohol (PVA) particles, microspheres, liquid embolic agents
such as n-butyl-2-cyanoacrylate, and metallic coil. Each
agent has its own advantages and disadvantages, and the
choice of agent depends on the operator’s preference and
institutional protocols (89).

The success rate of BAE ranges from 60% to 90%
(107-109). In a study of 52 patients treated by BAE,
Fruchter er al. reported an immediate success rate of 92%
(48/52) within the first 24 hr. 45 patients survived beyond
24 hr and recurrent bleeding did not occur in 19 (42.2%)
during a median follow-up period of 60 months (range,
6-130 months). Bleeding recurred in 26 (57.7%); within
30 days in 15 (33.3%) and after 1 month in the other 11
(24.4%). The average time to onset of early and late repeat
bleeding was 2 and 506 days, respectively. Idiopathic
bronchiectasis and lung cancer were associated with a
high likelihood of late bleeding recurrence (109). Re-
bleeding can occur depending on the etiology of the
bleed and may warrant repeat BAE (110). Recurrence is
particularly noted in diseases such as T'B, bronchiectasis,
aspergilloma and bronchogenic carcinoma (111-113).
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Complications of BAE include self-limiting chest pain,
self-limiting dysphagia from non-target embolization to
the esophagus, and transverse myelitis from non-target
embolization to the spinal artery (114). Rare complications
include cortical blindness, tracheoesophageal fistula from
esophageal ischemia, bronchial stenosis and necrosis from
bronchial wall ischemia, ischemic colitis, and pulmonary
infarction (28).

Surgical interventions

The role of surgery in massive hemoptysis is reduced over
time and reserved mainly if one or more of the above
mentioned approaches fail, or is only temporarily successful.
Surgery remains the procedure of choice in the management
of massive hemoptysis secondary to iatrogenic PA rupture,
chest trauma and aspergilloma resistant to other therapeutic
options (115,116). Andréjak et al. have reported a series of
111 (13.6%) lung resections for severe hemoptysis. They
categorized resections into three groups as emergency,
scheduled (after bleeding control) and planned (after
discharge). Mortality ratios were 35%, 4% and 0% among
the groups, respectively. They recommended avoiding
emergency resections when possible and utilizing non-
surgical approaches to obtain hemostasis and optimize pre-
surgical condition prior to any resection to minimize the
morbidity and mortality (117). Garzon et al. reported their
15 years’ experience of 74 resections in the management
of massive hemoptysis, defined as 600 mL/24 hours, and
showed a mortality rate of 13%. They reported an overall
survival rate of 75% (10,25,118).

In a retrospective analysis of 120 patients in South
Africa, Knott-Craig and colleagues noted that 36.4% of
all patients who were admitted to the hospital for massive
hemoptysis and were managed by non-surgical means, were
readmitted within 6 months follow up period and 45% of
these recurrences resulted in mortality (16). Pulmonary TB
was the underlying etiology of hemoptysis in 85% of the
patients and overall hospital mortality was 10% (12/120)
and was similar for those having pulmonary resection (7.1%,
3/42), and those who were managed with non-surgical
means (11.5%, 9/78).

Surgery is particularly relevant in conditions such as TB,
fungal infections such as aspergilloma, and where massive
hemoptysis originates from pulmonary vasculature (i.e.,
Rasmussen aneurysm-chronic inflammation in the setting
of TB leading to aneurysmal dilatation of a PA branch)
(64,119). Factors associated with adverse surgical outcomes
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* | Massive Hemoptysis

Acute respiratory failure

Admit to ICU
Hemoptysis ABC (**)

Flexible/rigid Bronchoscopy (FOB with large working
channel) and Chest x-ray
Localize/lateralize and tamponade (eg: bronchial blocker) (#)
Suction and extraction of clots from contralateral lung

_— Bleeding Localized ~—— Bedside bronchoscopy (large working channel)

| No acute respiratory failure |

1

Admit to ICU
Hemoptysis ABC(**)

Bedside Chest x-ray

Endoluminal lesion

Cold saline
Thermal ablative methods
Stent tamponade

No endoluminal lesion

Cold saline
Bronchoscopic management:
-Balloon tamponade (#)
-Mesh, glue, balloon or spigot/
stent tamponade to temporize

Bleeding not
localized

Bleeding localized

| Successful | | Unsuccessful | bleeding latrogenic pulmonary artery Other Close follow up
rupture Etiologies and conservative
Chest trauma management +/—
i BAE
Close BAE Asperglllonéilsfractory to BAE
surveillance
and follow up Re-bleed
—S Close
Successful Unsuccessful follow up
el [ EEEEN
i e - N
asnlg‘;z'l:fxcf Assess for **. Hemoptysis ABCs:
P surgery < Bleeding side down (if known bleeding side)
< Intubation
+ Preference
N + 1.- Rigid intubation
Assessfor | | Multiple + 2.- Single lumen endotracheal intubation
surgery recurrence (ETT 8.5 mm. ID)
< Contralateral isolation and single lung
ventilation
<+ Volume resuscitation (crystalloids/colloids)
< Multidisciplinary call/page
+ Interventional Radiology
+ ICU
+ Interventional Puimonology
+ Surgery
L + Anesthesiology )

Figure 3 Flowchart for a systematic approach to the management of massive hemoptysis. #, paralysis may be required to maintain balloon

position, as well as prevent cough until definitive management (BAE/surgery) is performed; *, start from the top of the flowchart; **, see

hemoptysis ABCs. BAE, bronchial artery embolization.

include advanced age, pneumonectomy, pleural adhesions,
bronchiectasis and broncholithiasis (8).

Conclusions

Airway management in the setting of massive hemoptysis is
often dealt with under urgent/emergent situations. When
managing massive hemoptysis, a systematic approach
is key to timely control and reversal of potentially fatal
complications (Figure 3). Preparedness and prevention
prior to endobronchial procedures, careful review of
patients risk factors and procedure indication are essential.
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Ideally, management approaches listed above, need to
be rehearsed in advance during simulation session as a
team. A multidisciplinary team approach (pulmonology,
interventional pulmonology, interventional radiology and
surgery) should be undertaken as soon as the condition is
identified. When managing massive hemoptysis, time is
alveoli!
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