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Abstract: Hemoptysis is the coughing up of blood, and in certain clinical scenarios, it can be a life-
threatening medical emergency. Hemoptysis is a spectrum of disease with massive, or more recently termed
life-threating hemoptysis, being the extreme presentation. Unlike hemorrhage in other scenarios, small
amounts of bleeding in the airway can lead to clinical instability—especially in individuals with underlying
lung disease. Life-threatening hemoptysis is typically fatal, due to hypoxia from asphyxiation and not
exsanguination. Management presents multiple diagnostic and therapeutic challenges and requires a multi-
disciplinary team including intensivists, interventional pulmonologists, interventional radiologists, and
occasionally thoracic surgeons. Initial evaluation should focus on airway management, localization of
the hemorrhage, and subsequent hemorrhage control. Flexible and rigid bronchoscopy, bronchial artery
embolization, and surgery are all potential treatment options for definitive hemorrhage control; with a
variety of adjunctive therapies available to assist with each of these therapeutic options. In this review,
we will help define hemoptysis, discuss the potential etiologies and the associated vascular anatomy and
pathophysiology. We will discuss the approach to diagnostic evaluation and review the therapeutic options
available to physicians. Due to the complex nature of hemoptysis management and paucity of guiding
evidence with randomized controlled trials, we hope to summarize the available evidence and provide a

comprehensive approach to diagnosis and management.
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Introduction
Background

Hemoptysis is the expectoration of blood originating from
the tracheobronchial tree or pulmonary parenchyma and
can vary in presentation from mild, blood-tinged mucous
to severe life-threatening hemorrhage (1). The etiologies of
hemoptysis vary with the incidence shifting with advances
in medical and surgical therapies over the years (2).
Hemoptysis can be fatal if not acted on appropriately, with
the cause of death typically being from hypoxia leading to
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asphyxiation and not exsanguination. Unlike hemorrhage
in other scenarios, small amounts of bleeding in the airway
can lead to clinical instability—especially in individuals with
underlying lung disease. Historically, mortality rates were
greater than 75% due to few therapeutic options, leading to
surgery becoming the mainstay of intervention (3,4).
Patients presenting with massive or life-threatening
hemoptysis present a diagnostic and therapeutic challenge
to physicians, and require immediate evaluation and
multidisciplinary involvement of intensive care physicians,
interventional pulmonology, interventional radiology, and
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occasionally thoracic surgery. Localization of hemorrhage
is imperative—with subsequent control and definitive
management. Fortunately, advancements in diagnostic and
therapeutic options available to clinicians have significantly
improved mortality rates in patients presenting with life-
threatening hemoptysis.

Rationale and knowledge gap

While mortality has significantly improved over the years
with these advancements in diagnostic and therapeutic
options, the bulk of existing literature is comprised of single
center, retrospective reports with small sample sizes often
with heterogenous populations (5). The paucity of rigorous
studies to help guide treatment requires frequent review of
existing literature to help clinicians provide the best care to
individuals presenting with hemoptysis.

Objective

Due to the complex nature of hemoptysis management and
lack of guiding evidence with randomized controlled trials,
we hope to summarize the available evidence to provide a
comprehensive approach to diagnosis and management.

Definitions

The severity of hemoptysis has been variably described,
with massive hemoptysis being the descriptor most widely
utilized for life threatening bleeding. While there is no
universally accepted volume that defines massive hemoptysis,
the term is typically used to represent any volume of blood
in the airway that is an imminent threat to life (6). Some
definitions stratify based on volume of bleeding per hour,
while others stratify quantifying the volume of bleeding
over 24 hours. Ranges of 200-1,000 mL/24 hours have
been described, due to the anatomic dead space of the
tracheobronchial tree being approximately 150-200 mL with
physicians most commonly defining massive hemoptysis as
expectorated blood of 600 mL over 24 hours (2,6,7). While
400 mL of blood in the alveolar space has been observed to
impair oxygen transfer (7), one retrospective study of 1,087
patients with massive hemoptysis followed over a 14-year
period, had an average volume of expectorated blood of
218 mL (8). Due to the small volume of alveolar dead space,
small amounts of bleeding can cause clinically significant
complications—especially in those with underlying lung
disease.

© AME Medical Journal. All rights reserved.

AME Medical Journal, 2024

Approximation of the amount of blood expectorated can
be challenging and is often over or under-estimated. More
importantly, the clinical significance of hemoptysis on the
patient should be used to risk stratify the severity. Others
have argued that the definition of massive hemoptysis be
replaced with life-threatening hemoptysis if patients develop
respiratory failure, airway obstruction, or hypotension (9).
Patients with underlying lung disease already have increased
physiologic dead space which can create challenges for
patients to compensate for even small amounts of bleeding
(2,10). Ultimately, any amount of hemoptysis causing
respiratory failure from airway obstruction or hypotension
should be considered life-threatening hemoptysis (9).

Epidemiology & etiology

Life-threatening hemoptysis is relatively uncommon, with
only 5-14% of patients presenting with hemoptysis suffering
from life-threatening clinical features (4,11,12). Patients that
are at risk for hemoptysis will typically experience a single,
non-life-threatening episode that is self-limiting. However,
careful attention should be paid to these patients, as this
could represent a sentinel bleed that progresses to life-
threatening hemoptysis. While 80% of lung cancer patients
will never develop hemoptysis, 0.6-3% will develop life-
threatening hemoptysis (13-15). A sentinel bleed is common
having been reported in 80% of patients who develop life
threatening bleeding related to malignancy (16).

Previously, few therapeutic options were available
for patients presenting with life threatening hemoptysis
with mortality rates between 50-100% (3,4). In the late
1970’%, Garzon and Gourin published outcomes of patients
presenting with massive hemoptysis, citing improved
mortality to 17% with initiation of early operative
intervention; leading to surgery gaining a prominent role for
localization and management (4,5). One study of 59 patients
presenting with hemoptysis revealed a mortality rate of
59% in patients with malignancy and 58% in patients with
bleeding of greater than 1,000 mL over 24 hours, but was
less than 10% if the bleeding was less than 1,000 mL over
24 hours (12). With advancements in therapeutic options,
mortality rates have decreased to 9-38% (17-20).

Certain risk factors have been found to be associated
with an increased risk in mortality. A retrospective cohort
study of 1,087 patients presenting with severe hemoptysis
developed a mortality risk score and found that chronic
alcoholism, pulmonary artery involvement, hemorrhage
affecting two or more quadrants on admission chest
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Table 1 Causes of hemoptysis (2,5,16)

System Disease

Cardiovascular Aortic aneurysm or bronchovascular fistula
Arteriovenous malformation
Congenital heart disease
Congestive heart failure
Mitral stenosis
Pulmonary embolism/infarct
Primary pulmonary hypertension
Pulmonary artery aneurysm
Ruptured thoracic aneurysm

Infectious Bronchitis/pneumonia from bacterial and viral

illnesses
Lung abscess

Mycetoma/invasive pulmonary fungal disease
(aspergillosis)

Necrotizing pneumonia

Parasites

Septic emboli

Tuberculosis/nontuberculous mycobacteria
Neoplastic Bronchogenic carcinoma
Endobronchial tumor
Pulmonary metastases
Sarcoma
Pulmonary Bronchiectasis
Broncholithiasis

Cystic fibrosis

Lymphangioleiomyomatosis

Table 1 (continued)

radiograph, aspergillosis, cancer, and need for mechanical
ventilation were independently associated with increased
risk for mortality (8). Each risk factor was assigned one to
two points with the cumulative score predicting increasing
mortality ranging from 2% (1 point) to 91% (7 points).
The causes of hemoptysis are diverse, ranging from
malignancy, infectious, and non-infectious (7ible I). In
patients presenting with hemoptysis, it is important to
rule out mimics such as nasopharyngeal or gastrointestinal
bleeding. Worldwide, the most common cause of
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Table 1 (continued)

System Disease

Autoimmune  Anti-glomerular basement membrane disease
Anti-phospholipid syndrome
Bechet’s disease
Cryoglobulinemia
Diffuse alveolar hemorrhage from vasculitis
Goodpasture syndrome
Granulomatous with polyangiitis
Henoch-Schonlein purpura
Microscopic polyangiitis
Mixed connective tissue disease
Rheumatoid arthritis
Systemic lupus erythematosus
Systemic sclerosis
Hematologic Disseminated intravascular coagulation

latrogenic coagulopathies (anticoagulants/anti-
platelet medications)

Platelet disease
Thrombotic thrombocytopenic purpura
Other Cryptogenic

Drugs: anticoagulants/antiplatelet, bevacizumab,
crack/cocaine, nitrofurantoin

Foreign body aspiration
latrogenic

Trauma

hemoptysis is tuberculosis, with malignancy being the most
common cause in developed countries (11,21-25). A 2018
observational, multicenter review from Europe of 606
patients found that pulmonary malignancy, pneumonia/
lung abscess and bronchiectasis were the most frequent
causes of hemoptysis (25). Malignancy and bronchiectasis
were found to be the leading causes of moderate and severe
hemoptysis, with pneumonia and acute bronchitis being the
most frequently associated with mild bleeding (25).
Hemoptysis from pulmonary malignancy is typically mild
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in nature and usually a result of the friable tumor developing
neo-angiogenesis from systemic circulation (6). Conversely,
massive hemoptysis is rare and is typically caused by direct
invasion of major vessels with subsequent necrosis of the
invading tumor (26). A large retrospective analysis of 877
cases of lung cancer showed that massive hemoptysis was
the cause of death in only 3.3% of cancer patients (16).
Squamous cell carcinoma is most classically associated with
an increased risk of hemoptysis. A prospective study of 125
patients with non-small cell lung cancer who presented
with hemoptysis revealed that 52% of the patients
had a diagnosis of squamous cell carcinoma with 31%
having adenocarcinoma (27). Risk factors associated with
hemoptysis were advanced disease and centrally located
lesions, with non-small cell lung cancer accounting for 11%
of the ICU hemoptysis related admissions.

There are a variety of iatrogenic causes of hemoptysis
that can be minimized by careful patient selection for
procedures. While minor bleeding can occur from
endoscopic trauma during bronchoscopy, significant
bleeding is typically associated with diagnostic procedures
such as biopsy or therapeutic interventions. A 2017
review found that the incidence of bleeding for diagnostic
bronchoscopy ranged from 0.26% to 5% (28). Results from
the AQuIRE registry and another multicenter prospective
study reveal that traditional diagnostic procedures
such as airway inspection, bronchoalveolar lavage and
endobronchial ultrasound with transbronchial needle
aspiration are safe with low bleeding rates (29,30). Careful
patient selection and medication reconciliation are critical
for minimizing iatrogenic complications. Low-dose aspirin
is typically safe to continue; while clopidogrel, warfarin,
direct acting oral anticoagulants (DOACs), heparin,
and low-molecular-weight heparin need to be held for
transbronchial biopsy and other therapeutic interventions.
Aspirin alone has been shown to be safe in patients
undergoing transbronchial lung biopsy. A prospective
cohort study of 1,217 patients undergoing biopsy revealed
that the risk of minor bleeding was not increased in patients
on aspirin compared to controls (31). Less than a 2%
risk of minor bleeding and less than a 1% risk of severe
bleeding was seen in those patients where aspirin was
continued. Another prospective cohort study of 604 patients
undergoing transbronchial lung biopsy showed excessive
increased risk of bleeding in patients where clopidogrel was
continued (32). Significant bleeding was seen in 89% (16 of
18 patients) of patients where clopidogrel was continued,
versus 3.4% of controls causing the study to be stopped
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after 6 months. Unsurprisingly, all 12 patients receiving
both aspirin and clopidogrel experienced either moderate or
severe bleeding.

Thrombocytopenia is another factor that can
increase the risk of iatrogenic hemoptysis and should
be treated accordingly. A case-series of 24 patients with
thrombocytopenia (mean platelet count of 30,000/mm”)
undergoing transbronchial lung biopsies revealed 20% of
patients suffered a hemorrhagic complication with those
suffering from a complication having a mean platelet count
of 20,600/mm”* (33). There is a paucity of data on the safe
minimum platelet count threshold for patients undergoing
transbronchial biopsies, however, 50,000/mm’ has been
suggested as an acceptable threshold (33,34).

There are a variety of cases where the etiology of
hemoptysis remains unknown. Cryptogenic or idiopathic
major hemoptysis is uncommon, with most causes evident
with simple investigations like bronchoscopy (6). The
incidence of cryptogenic hemoptysis is variably reported
in the literature and ranges from 7-25% (6,35,36).
Certain angiographic features associated with cryptogenic
hemoptysis include small or microaneurysms, extravasation,
involvement of bronchial systemic artery, hypervascularity
in the contralateral bronchial arteries and/or ipsilateral
bronchial artery branches with bronchial artery embolism
being highly effective for management (36,37).

Anatomy and pathophysiology

Management of hemoptysis requires an in-depth
understanding of pulmonary circulation. The lungs
are unique in having a dual blood supply, including
deoxygenated blood in the pulmonary arteries and
oxygenated blood from the bronchial arteries. The majority
of blood to the lungs is supplied by the low pressure [mean
arterial pressure (MAP) 12-16 mmHg] pulmonary arteries
and participates in gas exchange. Alternatively, the bronchial
artery circuit is higher pressure (MAP 100 mmHg),
supplying nutrients to the pulmonary system and does not
directly interact with alveolar units (38). The majority of
cases with significant hemoptysis arise from the bronchial
circulation, with hemoptysis arising from the pulmonary
circulation accounting for only 5% of cases (39). The
bronchial circulation classically arises from the descending
aorta, most commonly at the levels of the TS5 and T6
vertebrae with patients having 2—4 bronchial arteries (6).
Vascular pedicles supplying the bronchial arteries can
also supply the esophagus, mediastinal lymph nodes, and
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importantly, the spinal cord through a complex anastomotic
network (40). Bronchial anatomy is variable and classified
based off the number of branches originating from each side
of the aorta. Four main configurations have been described
after evaluation of 150 cadavers (41). Variant anatomy has
been seen with origination elsewhere in the aorta or extra-
aortic vessels like the subclavian, thyrocervical, axillary,
innominate, superior intercostal, pericardiophrenic, and
inferior phrenic arteries (6).

Irrespective of the patient’s anatomy, the mechanism
of rupture involves derangements of vessels due to some
sort of underlying lung pathology. Acute or chronic
inflammation leads to hypertrophy and tortuosity of
arteries that increases the risk of bleeding. Prolonged or
recurrent inflammation leads to more prominent vascular
collateral anastomoses, and subsequent increased blood flow
through dilated arteries, increasing the risk of bleeding (42).
Additionally, neovascularization occurs from increased
production of proangiogenic factors (vascular endothelial
growth factor and angiopoietin-1) creating new, thin-walled,
fragile vessels that can easily bleed (43-45). Ultimately, the
exact pathophysiology causing the vascular derangements is
variable based off the underlying etiology.

Approach to hemoptysis

The initial approach to hemoptysis should start with rapid
evaluation of ABCs to ensure the patient is protecting their
airway, ventilating, and hemodynamically stable. If time
allows, a history and physical exam focusing on determining
the site or side of bleeding should be performed. Careful
consideration of mimics such as hematemesis, epistaxis,
and bleeding of the gums or nasopharynx should also
occur. Features that should specifically be identified are the
amount of bleeding, duration, and associated symptoms.
Assessment for concurrent infectious symptoms, recent
airway instrumentation, past medical history of pulmonary,
cardiac or autoimmune disease, history of tobacco use, and
risk factors for tuberculosis can help identify the underlying
etiology. Review of medications is imperative to assess for
anticoagulant or antiplatelet use that could be helpful in
explaining the cause.

Laboratory evaluation with a type and cross, complete
blood count, coagulation studies, liver and kidney function
and arterial blood gas should be obtained and can provide
critical information on potential etiologies to guide
treatment.

Imaging with a chest radiograph is usually the most
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readily available imaging modality and can provide valuable
information—especially when able to compare with any
previous imaging. It is rare for life threatening hemoptysis
to occur in the setting of a normal chest radiograph with
aspirated blood manifesting as pulmonary opacities (46).
While a chest radiograph can provide valuable information
to help identify location of bleeding, computed tomography
angiography (CTA) of the chest is a more sensitive tool
to determine both site and cause of bleeding with success
rates of 70% and 77% respectively (3). Other studies have
reported that chest radiograph identified the bleeding site in
46% of life-threatening hemoptysis cases and cause in 35%,
while chest tomography (CT) correctly localized the site of
bleeding in 70-88.5% of cases (47,48). Review of previous
imaging, if available, can be useful to help guide a diagnostic
plan and potentially negate the need for real time imaging
if recent imaging has been obtained. Regardless of which
imaging modality is pursued, ensuring patient stability prior
to transfer to radiology is imperative. Securement of airway
or placement of an endobronchial blocker may be required
prior to pursuit of imaging.

Localization of bleeding can be more difficult with chest
imaging in patients with pre-existing lung disease and
parenchymal abnormalities. Additionally, in patients that are
unstable, it may not be feasible to travel to the CT scanner.
In these situations, bronchoscopy may be more beneficial
to identify the site of bleeding. There have been a variety
of studies comparing the efficacy of CT to bronchoscopy. A
2002 study showed that CT localized the site of bleeding in
70% of patients compared to 73% by bronchoscopy, with
CT determining the etiology in 77% of cases compared to
8% with bronchoscopy (47). Another prospective study of
606 patients with any amount of hemoptysis revealed that
CT diagnosed the underlying cause in 77.3% compared to
48.7% diagnosed with bronchoscopy (25). However, this
study included patients with any amount of hemoptysis
and likely underestimates the true diagnostic abilities
for bronchoscopy in patients with more severe or life-
threatening hemoptysis. CT also has the ability to reveal
vasculature and surrounding structures to airways which
could ultimately help to localize and determine the etiology.
In a small study of 40 patients with hemoptysis that had a
normal bronchoscopy, subsequent CT of the chest detected
an etiology in 50% (49). A recent meta-analysis of studies
comparing chest CT to bronchoscopy in 4,635 patients
revealed that bronchoscopy had a lower overall diagnostic
accuracy in identifying the etiology compared with CT (50).

CTA can also improve success of bronchial artery
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Figure 1 Balloon occlusion devices: CRE balloon (top left),
Fogarty balloon (bottom left), Arndt blocker (bottom right).

embolization (BAE). A comparative retrospective study
of 400 patients with hemoptysis found that those who
underwent CTA prior to BAE were more likely to have
successful resolution of hemorrhage from embolization and
were less likely to need emergent surgery (51). Ultimately,
patient characteristics, resources and expertise availability
will guide diagnostic choice, but favor CT in clinically
stable patients with its ability to better identify the site
and underlying etiology. Alternatively, in patients with life
threatening emergencies, we favor bronchoscopy due to its
ability to secure the airway and stabilize the patient.

Management

There are a variety of strategies available in the management
of a patient presenting with hemoptysis. Decision on
which method to employ should be quickly considered,
while performing a history if time allows, obtaining IV
access, and assurance of airway and hemodynamic stability.
Determining the side of bleeding is extremely important, as
patients can be placed in the lateral decubitus position with
the bleeding side dependent, to reduce the risk of aspiration
and asphyxiation from blood spilling into the contralateral
lung.

Airway stabilization

For patients presenting with life threatening hemoptysis,
endotracheal intubation should be considered in patients
unable to maintain adequate oxygenation or ventilation,
with altered mentation, or inability to expectorate.
Ultimately, endotracheal intubation should only occur
to establish an airway if a patient is unable to maintain
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themselves. Endotracheal tube (ETT) placement with
an inner diameter of >8.5 mm is recommended, to allow
for easier insertion of a therapeutic bronchoscope. In
patients with significant amounts of blood in the posterior
oropharynx that limit visualization during intubation,
large-bore suction catheters such as the DuCanto catheter
have been shown to provide superior suction capabilities,
compared to Yankauer and standard suction catheters (52).
Once the airway is secured, isolation of the bleeding lung
should occur. Mainstem intubation of the right or left
bronchus, contralateral to the bleeding, can be performed
to isolate the good lung from hemorrhage. While the left
mainstem bronchus is amenable to this approach due to
its longer anatomy, the right mainstem is shorter where
the right upper lobe bronchus can be easily occluded with
the ETT balloon—significantly limiting oxygenation
and ventilation to the right middle and lower lobes. One
downside to mainstem occlusion is the inability to access
the affected lung for therapeutic intervention with a
bronchoscope (53,54).

Dual lumen endotracheal tubes (DLET) are designed
to isolate each lung and are commonly utilized in thoracic
surgery. DLET placement is difficult, with a failure
rate recently cited as high as 36% in an OR setting by
anesthesiologists, let alone in critically ill patients (2,55).
Additionally, their small lumens preclude the ability to
utilize standard sized bronchoscopes with large working
channels, or allow efficient evacuation of clots from the
airways in patients with life-threatening hemoptysis.
Due to these technical barriers, intubation with a single
lumen ETT is recommended with only 7% of physicians
advocating for the insertion of a DLET, in a survey of
physician perspectives on hemoptysis management (55).
With the limited options of a DLET, we do not recommend
placement in patients presenting with life threatening
hemoptysis.

Inflatable bronchial blockers or Fogarty balloons are
extremely useful in life-threatening hemoptysis, allowing
balloon occlusion of a bleeding segment (Figure I).
Subsequent balloon inflation in the bleeding segment has
two primary advantages. First, it allows control of bleeding
to a fixed volume by providing back pressure to assist with
tamponade and hemostasis. It also will contain bleeding to
one area to allow ventilation to the rest of the lung (6,15).
When utilizing endobronchial blockers, it is important
to consider the size of the ETT and diameter of the
bronchoscope to not impair ventilation and oxygenation.
The combined diameter of the endobronchial blocker and
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Table 2 Bronchoscopy interventions in hemoptysis management

Topical
Iced cold saline irrigation
Endobronchial epinephrine/norepinephrine
Vasopressin/desmopressin
Thrombin or fibrinogen-thrombin complex
Tranexamic acid
Endobronchial
Balloon tamponade
Laser
Argon plasma coagulation
Cryotherapy

Endobronchial valve

Figure 2 Size comparison of (from left to right) flexible
bronchoscope, suction devices for rigid bronchoscope, rigid

bronchoscope.

bronchoscope should ideally be less than 1-2 mm smaller
than the inner diameter of the ETT (2). If inadequate
ventilation or oxygenation occurs, the balloon of the
endobronchial blocker should be deflated and withdrawn
along with the bronchoscope.

There are a variety of inflatable bronchial blockers
available for patients presenting with hemoptysis.
Fogarty and CRE balloons are both inserted through
the bronchoscope. While these options are easier to
adequately place, they limit the scopes ability to suction
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and navigate the airway with the balloon deployed. CRE
balloons are longer and can easily occlude other segments
of the lung, while Fogarty balloons are shorter and provide
more localized control. The Arndt blocker is lassoed to
the outside of the scope and allows more scope mobility.
Placement of the balloon can be more difficult due to its
inability to be placed through the working channel, but can
be left in place for temporization while definitive therapy is
pursued.

Bronchoscopy

Flexible bronchoscopy is a valuable tool in patients
presenting with hemoptysis that can be conveniently
performed at the bedside in the intensive care unit, with a
variety of functions (Zable 2). This technique is extremely
versatile and can be used to lateralize/localize the bleed,
identify the etiology, and be used to perform multiple
therapeutic interventions. As mentioned previously,
bronchoscopy has a lower diagnostic accuracy in
determining the etiology of hemoptysis compared to CT,
but similar effectiveness in lateralizing the bleed (47,50).
While the timing of bronchoscopy is controversial, 84% of
pulmonologists prefer bronchoscopy immediately or within
the first 24 hours (56), however significant advancement
has occurred in interventional radiology since these studies
occurred (57,58). In patients that are too unstable to
undergo CT scan and require emergent intubation, flexible
bronchoscopy is the modality of choice to lateralize the
bleed and allow subsequent therapeutic intervention.

In patients with life-threatening hemoptysis flexible
bronchoscopy should be performed rapidly, with the
primary goal of localizing the bleed. While views can be
limited, suction and advancement of the scope is imperative.
If bleeding is found to be in more distal airways, the
flexible bronchoscope can be wedged into the bleeding
segment to provide tamponade to the local area and allow
blood clot formation. While flexible bronchoscopy is an
extremely valuable tool, the visual field can become easily
obscured with significant bleeding and has limited suction
capabilities.

Rigid bronchoscopy is another option for management
and, in experienced hands, offers several advantages to
the flexible bronchoscope. The large bore allows superior
suction capabilities to flexible bronchoscopy allowing for
rapid suctioning of blood and removal of clots (Figure 2).
The rigid scope also allows simultaneous use of the flexible
scope, balloon catheters, and selective lung ventilation.
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While rigid bronchoscopy affords some significant
advantages, it requires more technical skill, cannot be
performed at the bedside, and only 17% of pulmonologists
prefer it as the initial evaluation with bronchoscopy in one
study (56). Alternatively, some institutions prefer urgent
bronchoscopy in the operating room, with both flexible
and rigid bronchoscopes available, for patients presenting
with life-threatening hemoptysis (6). Another approach
utilized by both thoracic surgeons and interventional
pulmonologists is a combined technique with suspension
laryngoscopy which can allow for simultaneous flexible
bronchoscopy with the use of rigid bronchoscopy
instruments.

A variety of adjuncts to bronchoscopy are available to
assist with hemorrhage control. Cold saline is one of the
most commonly used, and causes local vasoconstriction.
Lavage of ice-cold saline at large volumes allows removal
of clots, improves oxygenation, and slows bleeding (6).
Conlan and Hurwitz utilized cold saline in the management
of 12 patients with life threatening hemoptysis by instilling
50 mL aliquots of normal saline at 4 degrees Celsius
through a rigid bronchoscope into the affected lung. The
average volume of cold saline used was 500 mL, with all
patients experiencing hemostasis, and only one experiencing
a complication of bradycardia (59). A similar approach has
been described by instilling large aliquots (10-20 mL) of
iced saline, leaving it in for 10-15 s, then rapidly removing
with suction (6). This process is performed alternating
between ventilation, lavage, and then back to ventilation
and ultimately allows a large amount of fluid to be irrigated
through the lungs (6). Another study of 94 patients with
massive hemoptysis underwent ice-cold saline lavage with
hemostasis initially achieved in 100% of cases. Twenty of
the 79 patients that were followed up experienced recurrent
hemoptysis (60). While there have been no randomized
controlled trials performed to assess the true effectiveness
of iced cold saline, its significant anecdotal success makes it
commonly used at most centers for patients with hemoptysis.

Instillation of vasoactive agents such as epinephrine,
vasopressin, and desmopressin into the airway are alternative
adjuncts to help provide hemostasis by way of local
vasoconstriction. Epinephrine is typically diluted in normal
saline, and has been shown to be effective in conjunction
with cold saline in a series of patients with endobronchial
bleeding (61). The dose and dilution of epinephrine that
can be administered safely is variably reported in the
literature, and requires close monitoring for arrhythmias.
Ranges of 0.5 to 20 mL of 1:1,000 to 1:100,000 have been
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reported with a maximum dose of 0.6 mg suggested (2,62).
Unfortunately, there are no randomized controlled trials
comparing epinephrine to placebo to understand its true
effectiveness in controlling hemorrhage and the effect at
any given dose or dilution can be unpredictable. Reports of
arrythmia and coronary vasospasm have been described as
potential complications in patients receiving intrabronchial
epinephrine (62,63). In patients with underlying coronary
disease or at high risk for arrythmia, use of norepinephrine
to minimize the chronotropic effect has been proposed (62).
Additionally, some believe that profuse hemorrhage can
wash away epinephrine from the area of interest prior to its
ability to provide local vasoconstriction (5,15). Vasopressin
administered either intravenous or endobronchial has been
shown to be effective in patients with hemoptysis (64,65), as
well as desmopressin in a series of patients presenting with
hemoptysis related leptospirosis (66).

Thrombin or fibrinogen-thrombin solutions can also be
administered through a flexible bronchoscope to provide
short-term hemostasis in patients presenting with severe
hemoptysis. Tsukamoto and colleagues reported a series
of 33 patients with hemoptysis, where 19 cases received
thrombin and 14 fibrinogen-thrombin complex infusion.
Thrombin was found to be somewhat effective or very
effective in 15 of the 19 cases, and fibrinogen-thrombin
found to be somewhat effective or very effective in all 14
cases (67). Very effective was defined as no recurrence
within 14 days and somewhat effective defined as if
hemoptysis recurred after 24 hours, but less than 14 days.
More recently, de Gracia et al. performed a prospective
observational study of patients presenting with hemoptysis
of >150 mL/12 hours and found that in 11 patients where
BAE was ineffective, instillation of fibrinogen-thrombin
controlled bleeding immediately in 100% of patients (68).

Tranexamic acid (TXA) is an antifibrinolytic that
competitively inhibits plasminogen from binding to
activators and ultimately inhibits fibrinolysis. While the
majority of data for its use is in non-massive hemoptysis,
endobronchial, nebulized, and IV administration of
TXA has been shown to be effective in the treatment of
hemoptysis (69-72). A recent double-blind, randomized
controlled trial comparing endobronchial TXA to
epinephrine in patients presenting with hemoptysis, not
controlled with cold saline, revealed no difference in the
average time to control of bleeding (73). Patients either
received 1 mg of epinephrine or 500 mg of TXA that were
diluted in 20 mL of normal saline and instilled through the
bronchoscope 3 times at 90 second intervals, if necessary.
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Another recent pilot study compared the difference of
nebulized TXA to IV TXA in patients presenting to the
emergency department (ED) with hemoptysis and found
that the incidence of hemoptysis cessation at 30 minutes
was significantly higher in the nebulized arm compared to
the IV arm (74). Patients received 500 mg three times a day
of nebulized or IV TXA with patients in the nebulized TXA
arm having a lower need for BAE and higher discharge rate
from the ED.

Endobronchial administration of TXA has also
been assessed prophylactically in patients undergoing
transbronchial lung biopsies (75). In a randomized, double-
blind, placebo-controlled trial, patients undergoing
transbronchial lung biopsies were randomized to receive
500 mg of TXA diluted in 10 mL of saline or placebo in the
lobar bronchus prior to biopsies. Bleeding was found to be
significantly less in the patients receiving prophylactic TXA,
with no significant adverse events in either group. A recent
systematic review and meta-analysis of patients receiving
TXA for hemoptysis, found that TXA administration was
associated with a reduction in short-term mortality, shorter
bleeding time, shorter length of hospital stay, and lower
need for intervention with no increase in major or minor
adverse events when compared with controls (76). There
are a variety of other modalities for local hemostasis in
hemoptysis that include absorbable gelatin and thrombin
slurries, oxidized regenerated cellulose mesh, recombinant
activated factor VII, silicone spigots, polymer surgical
sealants, and stents that have been reported with variable
success (77-82). We favor a combination of ice-cold saline
and endobronchial TXA as adjuncts for hemorrhage
control, due to its effectiveness and favorable safety profile.

In situations where hemoptysis originates from more
proximal airways, there are a variety of adjuncts available
to assist with hemorrhage control. As previously described,
inflatable bronchial blockers or Fogarty balloons are
extremely useful in life threatening hemoptysis, allowing
balloon occlusion of a bleeding segment. Argon plasma
coagulation (APC) is another modality utilized and can
be used in conjunction with flexible or rigid bronchoscopy.
A retrospective review of 31 patients who underwent APC
therapy for hemoptysis revealed 100% of patients had
immediate resolution of bleeding with no recurrence from
treated sites during a follow up duration of over 3 months (83).
Six of these patients had bleeding quantified as >200 mL in
24 hours.

In patients with significant airway obstruction from
clot, a flexible cryoprobe can be used. A recent series of
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16 patients suffering from severe airway obstruction from
blood clots revealed successful extraction with a flexible
cryoprobe over 27 cases, with only 2 cases requiring
rigid bronchoscopy (84). In several cases, endobronchial
valves have also been described in patients with refractory
hemoptysis where hemostasis was achieved with the valve
left in place for as little as 2 weeks (85-87). The Nd:YAG
laser is a useful tool for patients with an endobronchial
tumor causing hemoptysis allowing the ability to cauterize
the site of bleeding, debride tumor, and open partially
obstructed airways. In a retrospective review of 52 patients
with malignant tracheobronchial lesions and hemoptysis,
77% of patients had resolution of their hemoptysis with
reduction in bleeding in an additional 17% (88). While the
majority of these modalities have been effective in treating
hemoptysis, they are limited to the more proximal, larger
airways.

BAE

Once airway stabilization and initial hemostasis has
occurred, definitive therapy is required. BAE is a mainstay of
therapy that is highly effective, having been first introduced
in 1973 for the treatment of massive hemoptysis (89).
Ideally, BAE should occur after initial patient stabilization,
bronchoscopic intervention to control bleeding, and CT of
the chest. With advancements in technique and catheters,
BAE has become the procedure of choice in patients with
massive hemoptysis. A recent systematic review by Panda
et al., found that BAE was successful in 70-99% of cases
with major complications occurring 0-6.6% of the time (90).
BAE promotes hemostasis by reducing pressure in the
abnormal hypertrophic arterial vessels supplying the area of
diseased lung (44).

Localization of the bleed angiographically can be
difficult, and time consuming, emphasizing the importance
of preprocedural CTA or bronchoscopy to localize
bleeding. CTA, if available, allows the interventionalist
the opportunity to evaluate for the location and size of
bronchial arteries requiring intervention. Access is typically
obtained through the femoral artery, with controversy on
performing a flush thoracic aortogram to identify origins of
bronchial arteries (90,91). Imaging findings on angiography
for hemoptysis include enlarged hypertrophied arteries,
bronchial artery aneurysm, neovascularity, hyperemia,
or active extravasation (92). While it can occur, active
extravasation is not frequently seen and should not preclude
embolization. Numerous embolic agents are available
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including gelatin sponge, polyvinyl alcohol, tris-acryl
microspheres along with many others (92).

BAE can be a life-saving procedure, but does not
come without the potential for complications. The
most common complications include temporary back
pain, chest pain, dysphagia, and post-embolic syndrome
(fever, leukocytosis, and pain), with spinal cord ischemia
being the most feared from embolism of the anterior
spinal artery (5,92). Two recent systemic reviews cite
major complications occurring in 0-6.6% and 0.2% of
cases respectively (90,93). Recurrence of hemoptysis can
occur after successful embolization due to incomplete
embolization, recanalization, collateral vessel formation,
or simply progression of the patient’s underlying disease.
While previous literature had cited recurrence rates as high

as 58% a more recent systematic review cited improvement
to 23.7% (93).

Surgery

While surgery was previously the primary treatment
modality for patients with life threatening hemoptysis,
advancements in bronchoscopy, CT scan, and interventional
radiology have pushed operative intervention to being a
last resort. Operative intervention carries a high mortality
of 10-38%, largely related to patients having severe
existing pulmonary disease (94-96). Indications for surgical
intervention are not standardized, but typically include
failure of conservative measures with bronchoscopy and
BAE, iatrogenic pulmonary artery rupture, pulmonary
aspergilloma, Tuberculosis, large lung abscesses, and chest
wall trauma (94,97-99). Emergency surgery for hemoptysis
portends a higher mortality than if performed electively.
In a retrospective analysis of 111 patients that underwent
surgical lung resection for severe hemoptysis, emergent
surgery was associated with a 34% mortality compared
to 4% after initial control of hemorrhage; and 0% if
performed electively (99). Surgical intervention is typically
effective with recurrence rates cited to be between 4.2%
and 6.2% with poor outcomes occurring if risk factors
include older age, pneumonectomy, alcoholism, presurgical
need for blood transfusion, and vasopressors (96,99,100).
Common post-operative complications include recurrent
hemoptysis, persistent air leak, bronchopleural fistulae,
empyema, prolonged mechanical ventilation, and need for
tracheostomy (2). With the high risk of mortality associated
with surgery and effectiveness and favorable safety profile of
more conservative interventions, we favor management with
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flexible or rigid bronchoscopy for local control, and BAE
as first line therapy for definitive management. If surgery is
ultimately necessary, the aforementioned techniques can be
utilized to temporize the patient and allow for an elective or
semi-elective operative intervention after recovery from the
initial insult.

Once the patient has stabilized from the initial insult
and control of bleeding has occurred, definitive treatment
for the underlying etiology is imperative. Anti-fungal
treatments for mycetoma, antibiotics for infectious causes—
including anti-tuberculosis medications for TB, or radiation
and chemotherapy should be considered for oncologic
causes.

Tracheo-innomiate fistula bleeding

Hemoptysis related to a tracheo-innominate fistula after
tracheostomy is a common cause of hemoptysis in critically
ill patients. Bleeding after a recent tracheostomy may
represent a herald bleed and requires prompt identification
and management. Diagnosis requires a high index of
suspicion and can be made with CT angiography or
bronchoscopy preferably in an operative room. If massive
hemorrhage is visualized, immediate manual compression
of the artery towards the sternum and control of airway will
stabilize the situation while definitive operative intervention
can occur.

While there are multiple existing reviews, our review
provides a summary of the most up-to-date evidence
available on the workup and management of patients
presenting with hemoptysis. We have compiled numerous
reviews and articles to provide a more comprehensive
discussion of evaluation and management of patients
presenting with hemoptysis. Specifically, we have focused
on the different bronchoscopic interventions available to
operators. While one of the strengths of this review is the
updates to the existing literature, the paucity of randomized
controlled trials for the different therapeutic options is a
limitation to our, and other review articles.

Conclusions

Life threatening hemoptysis is a medical emergency with
a high morbidity and mortality and requires prompt
identification. There are a variety of etiologies of
hemoptysis, chest imaging with CT or CTA, or flexible
bronchoscopy can help identify the underlying cause.
A multidisciplinary team of intensivists, interventional
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pulmonologists, interventional radiologists, and occasionally
surgeons is imperative for appropriate diagnosis and
management. Airway stabilization is the first step, with
subsequent efforts to identify the side of bleeding with chest
CTA or bronchoscopy and its adjuncts to achieve local
hemorrhage control depending on the clinical scenario.
Definitive management with BAE is the first-line treatment,
with surgery being reserved for refractory cases.
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