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Hemoptysis

Introduction
Hemoptysis is defined as expectoration of blood from the lower respiratory 

tract. There are numerous conditions that cause hemoptysis, ranging from mild 
conditions such as bronchitis to life-threatening conditions such as pulmonary 
embolism or lung cancer. Hemoptysis is a serious symptom and may be evidence 
of an underlying disease process. Although rare, massive hemoptysis can cause 
hemodynamic instability and rapid deterioration with significant morbidity and 
mortality. In the literature, there is no widely accepted definition of massive 
hemoptysis, and specific figures remain controversial. Amounts of blood ranging 
from a rate of 200 mL to 1000 mL over a 24-hour period have been proposed 
to define massive hemoptysis.1 Quantifying the amount can be difficult, if not 
impossible, in certain cases. Thus, from a practical perspective, massive hemopty-
sis can be defined as expectoration of blood that impairs respiratory function and 
adequate gas exchange and is potentially life-threatening due to hemodynamic 
changes. The exact incidence of massive hemoptysis is elusive given the varying 
definition, but it is estimated that only about 5% of cases of hemoptysis are con-
sidered to be massive.1 The mortality rate for massive hemoptysis is thought to be 
as high as 50-85%.2 The majority of cases of hemoptysis are not life-threatening. 
The emergency physician has to make a decision within a much shorter observa-
tion period than 24 hours to determine whether the hemoptysis is causing life-
threatening airway obstruction or asphyxiation.

Pathophysiology
Bronchial and pulmonary arteries make up the two major arterial systems 

supplying the lung. They are vastly different in that the bronchial artery is 
under high systemic pressures and is responsible for providing the lung tissue 
with oxygenated blood. The pulmonary arterial system, on the other hand, is 
under much lower pressures and is responsible for bringing deoxygenated blood 
to the lungs for gas exchange. Approximately 90% of massive hemoptysis origi-
nates from the bronchial artery circulation, while only 5% originates from the 
pulmonary artery circulation, and even then, generally only under conditions 
of acute or chronic pulmonary hypertension.1 The bronchial arteries directly 
arise from the thoracic aorta at the level of the fifth or sixth thoracic vertebrae 
approximately 60% of the time. Typically there are two bronchial arteries on the 
left and one on the right. The pulmonary artery arises from the right ventricle 
and bifurcates into the right and left main pulmonary arteries. The majority of 
cases of non-massive hemoptysis usually do not involve these arteries, but rather 
originate from capillaries from the tracheobronchial tree. The mucosa becomes 
inflamed and edematous from an infection or tumor that leads to tearing of the 
superficial blood vessels. 

History and Physical
First, the physician must discern whether or not the bleeding is originating 

from the lungs. Gastrointestinal bleeding and nasopharyngeal bleeding should 
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be ruled out. This can largely be 
done by history and physical exami-
nation, but differentiating these can 
be challenging at times, especially in 
a critically ill patient who cannot pro-
vide a history. Gastric fluid is nearly 
always acidic, so pH paper can be of 
help. Once it is determined that the 
presentation is true hemoptysis, the 
clinician can then attempt to narrow 
the differential diagnosis. Attempt to 
estimate the amount of hemoptysis. 
A detailed history is key to ascertain-
ing the etiology of the hemoptysis.

Information about past medical 
history, with special attention to 
pulmonary diseases such as asthma, 
chronic obstructive pulmonary dis-
ease (COPD), bronchiectasis, lung 
cancer, and tuberculosis, is impor-
tant. Signs and symptoms of cough, 
fever, sputum production, weight 
loss, night sweats, smoking history, 
and environmental exposures should 
be noted. In most instances of bron-
chiectasis, there is a typical history 
of chronic productive cough, puru-
lent sputum, and recurrent flares of 
pneumonitis. Similarly, patients with 
chronic bronchitis have a longstand-
ing productive cough. Lung abscess 
may present with fever, cough, and 
purulent expectoration. Pulmonary 
embolus (PE) risk factors should also 
be sought, including previous history 
of PE, deep vein thrombosis (DVT), 
travel history, and recent surger-
ies. Heart failure and valvular heart 
disease history should be obtained. 
Medication history, including anti-
coagulants such as warfarin, aspirin, 
clopidogrel, and rivaroxaban, should 
also be obtained. Medications such 

as bevacizumab have been known 
to cause minor to life-threatening 
hemoptysis.3 Patients from, or who 
have recently traveled to, third-
world countries should be suspected 
of having tuberculosis or parasites 
such as paragonimiasis (lung fluke). 
Patients should be asked about illicit 
drug use, as “crack” cocaine smokers 

can develop diffuse alveolar hemor-
rhage.4 (See Figure 1.) Previous epi-
sodes of hemoptysis can also provide 
vital information or clues as to the 
cause.

In addition to history, the physi-
cal exam can provide key additional 
information about the etiology of 
hemoptysis. Vital signs and telemetry 

 z The most common causes of hemoptysis in the United 
States are bronchitis, bronchiectasis, bronchogenic 
cancer, and tuberculosis. Metastatic lesions in the lung 
rarely cause hemoptysis.

 z Massive hemoptysis is defined as that causing 200-1000 
mL within a 24-hour period or associated with hemody-
namic instability or respiratory insufficiency.

 z Hemoptysis is rare in children, and the most common 
causes are foreign body aspiration, lower respiratory 
infections, or bronchiectasis associated with cystic fibrosis.

 z CT and bronchoscopy are the primary diagnostic tools 
for massive hemoptysis. Severe cases may require bron-
chial artery embolization or even emergent surgery. 
Intubation of the right main stem bronchus provides 
initial stabilization in patients with massive hemorrhage 
from the left lung.  

Executive Summary

Figure 1: Chest X-ray of a Patient with Diffuse Alveolar 
Hemorrhage

Image courtesy of Dr. David Effron.
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monitoring with pulse oximetry 
are important for all patients with 
massive hemoptysis. Patients with 
hypotension or hypoxemia should 
be managed aggressively. A detailed 
pulmonary, nose, and oropharyn-
geal exam should be performed. 
The presence of stridor can indi-
cate the presence of a foreign body 
in the upper airway. The general 
appearance and nutritional status 
can provide clues to making the 
diagnosis such as tuberculosis and 
malignancy. Lymph nodes, includ-
ing cervical, supraclavicular, and 

axillary, should be examined. The 
cardiovascular examination may yield 
the presence of murmurs, which 
could provide clues to the diagnosis 
of valvular disorders such as mitral 
stenosis, or congestive heart failure. 
The presence of unilateral calf swell-
ing could indicate the presence of 
thromboembolic disease. The skin 
should be carefully examined for the 
presence of rashes, petechia, pur-
pura, and pallor. For example, the 
presence of a rash with a saddle nose 
deformity could indicate Wegener’s 
granulomatosis. 

Causes
The list of potential causes of 

hemoptysis is extensive. (See Table 1.) 
In developed countries such as the 
United States, chronic inflammatory 
lung disease and bronchogenic carci-
noma are the most common causes 
of hemoptysis, while in third world 
countries, tuberculosis (see Figures 2 
and 3) remains the most common 
cause.5 One recent prospective study 
of 184 patients in Greece showed that 
the etiologies of admitted patients 
with hemoptysis were bronchiecta-
sis (26%), chronic bronchitis (23%), 
acute bronchitis (15%), and lung 
cancer (13%).6 Another recent study 
of 154 patients in Spain showed that 
the leading causes of life-threatening 
hemoptysis were bronchiectasis and 
tuberculosis.7 The cause is unknown 
in up to 5-10% of patients.1 

Patients who are older than the age 
of 40 and have an extensive smok-
ing history are at increased risk for 
neoplasm.8 Although a large portion 
of lung cancers are due to metastasis, 
hemoptysis is rarely caused by meta-
static lung cancer.9 (See Figure 4.) In 
pediatric populations, lower respira-
tory infection, foreign body aspira-
tion, and bronchiectasis secondary to 
cystic fibrosis are the most common 
causes of hemoptysis. Hemoptysis in 
children is a relatively rare phenom-
enon.10 Patients who recently emi-
grated from, or traveled to, a third 
world country are at increased risk 
for tuberculosis. 

Non-massive Hemoptysis
The majority of cases of hemop-

tysis are not massive and not life-
threatening.11 The most common 
cause of mild hemoptysis is bronchi-
tis.12 No consensus guidelines exist 
for management of non-massive 
hemoptysis; however, Figure 5 shows 
a suggested algorithm based on the 
literature. 

Diagnostic Evaluation
After the history and physical 

exam, a chest radiograph is per-
formed to assess for masses, infec-
tions, evidence of bronchiectasis, or 
parenchymal disease. (See Figure 6.) 
Diffuse hemorrhage into the alveola 

Table 1: Causes of Hemoptysis 

Pulmonary
• Acute and chronic bronchitis
• Pneumonia
• Tuberculosis*
• Lung abscess*
• Neoplasm*
• Fungal infection*
• Bronchiectasis*
• Pneumonitis (chemical, inhalational, etc.)
• Cystic fibrosis*
• Pulmonary contusion/trauma
• Parasites

Cardiovascular
• Pulmonary embolism
• Congestive heart failure
• Arteriovenous malformation
• Pulmonary hypertension
• Mitral stenosis
• Vasculitis (Wegener’s, Goodpasture’s, SLE)
• Aortopulmonary fistula
• Endocarditis
• Coagulopathy (DIC, VWD, hemophilia, thrombocytopenia, warfarin)

Others
• Foreign body
• Iatrogenic (post bronchoscopy, biopsy, tracheostomy 

complications)
• Medications
• Trauma
• Cocaine

VWD= von Willebrand’s disease
DIC= Disseminated intravascular coagulation
SLE= Systemic lupus erythematosis
*= More likely causes for massive hemoptysis
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can cause a patchy infiltrate. (See 
Figure 1.) The chest radiograph may 

aid in localizing the region of bleed-
ing, but 15-30% of patients with 

hemoptysis will have a normal chest 
radiograph.13 If the chest radiograph 
does not provide a clear diagnosis, 
further diagnostic modalities, includ-
ing CT scans and bronchoscopy, 
should be considered to find the 
location of the bleeding to allow for 
therapeutic intervention. (See Figure 
7.) In many cases, these can be per-
formed as an outpatient.

Initial recommended laboratory 
studies include complete blood 
count with differential to look for 
evidence of anemia, infection, or 
thrombocytopenia. (See Table 2.) 
Coagulation studies, including pro-
thrombin time and partial prothrom-
bin time, are ordered in appropriate 
cases to rule out any coagulopathies.

If a mass or lesion is identified and 
the patient has stable vital signs, the 
patient can be referred back to his 
or her primary care doctor or to a 
pulmonologist for further outpatient 
workup, which may include CT scan, 
bronchoscopy, or biopsy.11 CT of the 
chest should be considered if chest 
radiography shows parenchymal dis-
ease, particularly in patients without 
established follow-up.

Patients with a normal chest 
radiograph and no risk factors for 
lung carcinoma can be managed 
on an outpatient basis with close 
monitoring. If pulmonary embolus 

Figure 2: Tuberculosis PA Chest X-ray Figure 3: Tuberculosis 
Lateral

Image courtesy of Dr. David Effron.

Image courtesy of Dr. David Effron.

Figure 4: Multiple Mets Lesions Lung

Image courtesy of Dr. David Effron.
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is suspected, a chest CT angiogram 
is appropriate. (See Figure 8.) The 
patient can be observed in the emer-
gency department and/or in the 
hospital if clinically indicated.

Massive Hemoptysis 
Initial Management

The mantra of emergency medi-
cine certainly applies to hemoptysis 
— airway, breathing, and circulation 
(ABCs). Due to the high morbid-
ity and mortality associated with 
massive hemoptysis, the ABCs are 
addressed prior to further diagnosis 
and workup. Airway protection is 
paramount; it only takes 400 mL 
of blood in the alveolar space to 
cause substantial impediment to gas 
exchange.14 If the bleeding side can 
be localized, the patient is placed 
in a lateral decubitus position with 
the bleeding side down to spare 
the contralateral side from further 
aspiration. The patient should be 
intubated early in cases of mas-
sive hemoptysis, preferably with an 
endotracheal tube greater than 8.0 
mm to allow for bronchoscopy. If 
the bleeding is confirmed or sus-
pected to be left sided, blind right 
main stem intubation with a single 
lumen endotracheal tube can be 
performed.15 

Selective intubation with a dual 
lumen endotracheal tube is ideal, but 
is best performed by an experienced 
anesthesiologist or pulmonologist.16 
Two large-bore intravenous lines 
are placed and volume resuscitation 
with intravenous fluids and/or blood 
transfusion considered. If the patient 
has a known coagulopathy, it can 
be rapidly reversed with appropriate 
agents such as fresh frozen plasma, 
prothrombin complex concentrate, 
or platelets.

There is evidence that antifibri-
nolytic agents may reduce both the 
duration and volume of bleeding in 
patients with hemoptysis. This cat-
egory of agent includes tranexamic 
acid (TXA), aminocaproic acid, 
nafamostat, and aprotinin. Of these, 
only TXA has been studied for use 
in limiting hemoptysis. This hemo-
static agent, marketed in the United 
States as Cyklokapron® or Lysteda®, 

may be given orally or intrave-
nously.17 In a Cochrane review, two 
randomized, controlled trials utiliz-
ing TXA for control of hemoptysis 
were found; one included only hos-
pitalized patients presenting with 
hemoptysis secondary to tubercu-
losis. Pooled together, there was a 
significant reduction in the duration 
of bleeding after therapy between 
patients receiving TXA and those 
receiving placebo. Doses were in the 

range of 500-1000 mg TXA admin-
istered orally 3 times daily for 3-7 
days. While neither study reported 
severe adverse effects of antifibrino-
lytic therapy, such as venous throm-
boembolism, stroke, renal failure, 
or acute myocardial infarction, the 
report concluded that there was 
insufficient evidence to determine 
if antifibrinolytic agents of any kind 
should be used in the treatment of 
hemoptysis.18 There are reports in 

Figure 5: Algorithmic Approach to Evaluation of Massive 
Hemoptysis
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which TXA successfully controlled 
hemoptysis associated with cystic 
fibrosis.19

If available at one’s institution, 
call for consultations early. Proposed 
services include pulmonary medi-
cine, interventional radiology, anes-
thesiology, and thoracic surgery, as 
appropriate. The patient should be 
transferred to a tertiary center if the 
necessary services are not available.

Diagnostic Evaluation
Once the patient is stabilized, lab-

oratory and radiographic studies can 
be ordered. Type and screen/cross 
are ordered for patients who may 
require blood transfusion. Urinalysis 
and metabolic panel should be 
ordered to assess for renal function 
in patients for whom vasculitis such 
as Wegener’s or Goodpasture’s syn-
drome is a consideration. In patients 

who are suspected of having a pul-
monary embolism, a D-dimer or 
chest CT angiogram might be indi-
cated. Blood gas analysis should be 
ordered if clinically indicated.

If infection is in the differential, 
sputum culture and stain should be 
ordered, including acid-fast bacillus 
testing and fungal culture.

In stable patients with significant 
hemoptysis, contrast chest com-
puted tomography (CT) should be 
obtained once the patient is stable. 
In one study with 184 patients, 40% 
of patients with a negative chest 
radiograph had a positive CT.6 CT 
has the advantage in that it is readily 
available, and is noninvasive. CT scan 
alone can localize the site of bleed-
ing in 63-100% of patients.13,20 A 
relatively new diagnostic tool, multi-
detector CT (MDCT) can be of high 
diagnostic value. In a study involving 
22 patients with hemoptysis, 100% of 
bronchial and 62% of nonbronchial 
arteries were detected on MDCT.21

Recent studies show CT to be more 
useful than fiberoptic bronchoscopy 
in initial evaluation of patients with 
hemoptysis. It is far more accurate in 
determining the etiology of hemopty-
sis (60-77% vs. 2.5-8%), and is nearly 
as good (70% vs. 88.8%) as fiberoptic 
bronchoscopy in localizing bleeding 
sites.22,23 (See Figure 9.)

Bronchoscopy allows for direct 
visualization and is able to identify 
mucosal lesions that would otherwise 
not be seen on CT. If the patient 

Image courtesy of Dr. David Effron.

Table 2: Suggested 
Laboratory Tests

• Complete blood count with 
differential

• Complete metabolic panel
• Coagulation studies 

including PT/INR and PTT
• Type and screen/cross
• D-dimer
• Arterial blood gas
• Sputum culture, fungal 

culture
• Gram stain, including acid-

fast bacillus
• Tuberculin skin testing
• Urinalysis

Figure 6: Left Lung Mass Cancer

Figure 7: CT of a Patient with Diffuse Alveolar Hemorrhage

Image courtesy of Dr. David Effron.
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is unstable, if CT does not readily 
identify the site of bleeding, or if 
the diagnosis is still not clear, bron-
choscopy should be performed by a 
pulmonologist.

Rigid bronchoscopy can be used 
in unstable patients with mas-
sive hemoptysis for diagnosis and 
therapeutic intervention. However, 
rigid bronchoscopy typically is per-
formed in the operating room under 

general anesthesia rather than at the 
bedside.

Flexible fiberoptic bronchoscopy 
can be performed in more stable 
patients and at the bedside in the 
emergency department.24 Rigid 
bronchoscopy has the advantage of 
suction and evacuation of large clots; 
however, fiberoptic bronchoscopy 
allows for deeper visualization of the 
tracheobronchial tree.15

Bronchoscopy and CT in many 
ways can provide complementary 
information with respect to etiology 
and localization of bleeding. (See 
Table 3.) In one study, sensitivity of 
diagnosis of lung cancer was 93% 
when both studies were performed, 
compared to 42% for bronchoscopy 
alone and 67% for CT alone.25 If 
the decision is made to perform 
flexible bronchoscopy, it should be 
performed within 48 hours, as early 
bronchoscopy is able to identify active 
bleeding in 41%, compared to 8% for 
delayed bronchoscopy.26 The treat-
ment modality of bronchoscopy will 
be further discussed in the treatment 
section.

Advanced Therapy  
for Hemoptysis

Death from massive hemoptysis 
is from asphyxiation rather than 
exsanguination.27 From a historical 
perspective, resection of the diseased 
lung has often been the definitive 
treatment.2

Many patients with hemoptysis are 
poor surgical candidates due to poor 
lung capacity, hypoxia, or severe pul-
monary disease, and other therapies 
are now available. The diagnosis and 
therapy often involves a pulmonary 
critical care specialist, an interven-
tional radiologist, and a thoracic sur-
geon working together.

Recent advances in non-surgical 
endovascular treatment can be used 
to treat moderate bleeding, defined 
as three episodes of 100 mL in 
one week, or even mild hemoptysis 
cases.28 Bronchial artery emboliza-
tion, or BAE, was first described in 
1973,29 and is now considered the 
most effective non-surgical treatment 
of massive hemoptysis.30 It may be 
performed without bronchoscopy. 
In the baseline healthy state, bron-
chial arteries make up only 1% of the 
arterial supply of the lungs, but with 
chronic inflammation of the lungs, 
these arteries enlarge and proliferate. 
Since they are under higher pressure 
than the normal pulmonary circula-
tion, control of hemoptysis must 
entail control of hemorrhage from 
these vessels. 

Bronchial arteries arise from the 

Figure 9: Bronchiectasis

Image courtesy of Dr. David Effron.

Figure 8: Saddle PE

Image courtesy of Dr. David Effron.
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descending aorta at the level of the 
third to eighth thoracic vertebral 
body, and at T5 or T6 most typically. 
In a minority of cases, they may arise 
from other sources such as the sub-
clavian, brachiocephalic, or internal 
mammary arteries.31 The numbers 
and sites of origin of the bronchial 
arteries vary widely by individual. 
Most commonly, there is a single 
right bronchial artery and two left 
bronchial arteries arising at the T5/6 
level, but even this pattern occurs 
only approximately 40% of the time. 
Notably, a spinal artery originates 
from a bronchial artery in 5% of 
patients. Early users of BAE encoun-
tered difficulties cannulating the 
bronchial artery or visualizing a spi-
nal artery branch. With the develop-
ment of microcatheters to cannulate 
smaller caliber vessels, it has been 
possible to more reliably cannulate a 
bronchial artery distal to the origin 
of a spinal branch, and avoid neuro-
logical complications.16

Arterial access is obtained via the 
femoral artery so that bilateral bron-
chial angiography can be performed. 
If the feeders originating from the 
subclavian artery cannot be accessed 
from the femoral artery, brachial 
artery puncture may be performed. 
Angiography of the intercostal, sub-
clavian, or inferior phrenic arteries 
may be performed depending on the 
site of disease and in order to con-
trol the hemorrhage. Typical angio-
graphic findings include bronchial 
artery hypertrophy, increased vascu-
larity, and arteriovenous shunting. 
Embolization has been performed 

under fluoroscopy using polyvinyl 
alcohol (PVA) particles in most cases, 
although 3-5 mm coils, absorbable 
gelatin pledgets/sponges, trisacryl 
gelatin, and isobutyl-2-cyanoacrylate 
have been used as well. The suc-
cess rate of BAE is excellent, and it 
has largely replaced surgery as the 
primary intervention for therapy 
of significant active hemoptysis. 
One study reported that bronchial 
artery embolization was successful 
in stopping the bleeding in 98.5% of 
patients, with control of hemoptysis 
at one month in 90%.2 Others report 
success rates in controlling hemopty-
sis via embolization in approximately 
75-90%.21,32-34 

In patients with primary lung can-
cer, hemoptysis is more likely to be 
caused by necrosis and inflammation 
of blood vessels within the tumor 
rather than direct invasion of blood 
vessels by the tumor itself. Arterial 
embolization therapy is effective in 
controlling hemoptysis due to pri-
mary lung cancer.35

Post-embolization thoracic aor-
tography may be required if the 
initial embolization proves unsuc-
cessful. Inferior phrenic artery and 
intercostal arteries can be overlooked 
if thoracic aortography was not 
performed. As noted earlier, the 
anatomy of the bronchial circula-
tion is variable; bronchial arteries, 
for example, originate from the 
inferior aspect of the aortic arch in 
a minority of people, and the artery 
of Adamkiewicz arises from the 
right intercostobronchial artery in 
a minority of people. Recurrence 

of hemoptysis may be due to these 
anatomic variants or other causes, 
including incomplete embolization 
of the bronchial vessels, recanali-
zation of the embolized arteries, 
development of collateral circulation 
in response to continuing inflam-
mation, or the presence of non-
bronchial systemic arteries.16 Because 
of these factors, embolization may 
be ineffective or may need to be 
repeated. 

Complications of BAE include 
failure to control bleeding, likely 
attributable to non-bronchial collat-
eral arteries from other arteries, such 
as the phrenic, intercostal, mammary, 
or subclavian arteries.36 Particles too 
small in diameter can cause pulmo-
nary infarction or spinal infarction, 
which is the most dreaded conse-
quence of bronchial artery emboliza-
tion.37 If the microcatheter tip is not 
distal to any radicular/spinal arteries 
before embolization is performed, 
spinal cord infarction may occur, 
resulting in lower extremity paralysis. 
Passage of larger (500 µm) micro-
spheres through bronchopulmonary 
shunts has been reported to cause 
myocardial infarction and stroke fol-
lowing management of hemoptysis.38 
Bronchial or esophageal necrosis can 
occur, as these are organs supplied 
by the bronchial arteries. Other com-
plications related to the procedure 
include contrast-induced nephropa-
thy, groin hematoma, transient dys-
phagia, and dissection of the aorta or 
great vessels.31

Bronchoscopy can be used prior 
to angiography in order to locate 
or lateralize the site of bleeding. 
Bronchoscopy allows local therapy, 
such as laser coagulation, topical cel-
lulose mesh,16 thrombin or fibrino-
gen instillation, or local infusion of 
chilled normal saline or vasoactive 
drugs such as 1:20,000 epinephrine, 
to control bleeding.31 However, it 
frequently fails to determine the site 
or side of bleeding. In patients with 
severe hemoptysis, the airways may 
be filled with blood, rendering any 
endobronchial treatment ineffective. 
Nonetheless, urgent bronchoscopy 
has a role in therapy, since it can 
be used to introduce balloon-tip 

Table 3: Comparison of Computed Tomography and 
Bronchoscopy

Computed Tomography Scan Bronchoscopy
Pros • Superior diagnostic 

potential
• Visualization of vessels
• Availability
• Cost

• Allows for therapeutic 
intervention

• Direct visualization of 
tracheobronchial tree

• No radiation
Cons • Radiation

• No therapeutic intervention
• Nephrotoxicity from 

contrast material

• Requires sedation and/
or intubation

• Not readily available
• Time delay
• Cost
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catheters into the bleeding bronchus 
for tamponade of a hemorrhagic 
artery. This was first described in 
1974, and required a rigid broncho-
scope.39 Biocompatible sealants such 
as N-butyl cyanoacrylate have been 
used for tamponade as well.15 By 
doing this, the nonbleeding bronchi 
or other lung is protected from aspi-
ration. Tamponade and isolation of 
the bleeding site has been achieved 
via bronchoscopy by placement of 
two covered self-expanding airway 
stents in a patient with cancer. This 
was strictly a palliative procedure, 
but the hemoptysis was controlled 
until the patient’s death four months 
later.40

Double-lumen balloon catheters 
have since been developed, which 
may pass through a fiberoptic bron-
choscope.1 Tamponade by balloon 
is only temporizing until the patient 
undergoes more definitive therapy, 
such as bronchial artery emboliza-
tion, surgery, radiation, or che-
motherapy. Rigid bronchoscopy is 
efficient at securing airway patency 
and preventing asphyxia, allowing 
isolation of the unaffected lung. It 
has a wider lumen, allowing coagu-
lation therapy via laser, electrocau-
tery, or argon plasma coagulation 
(APC).16 Flexible bronchoscopy 
has the advantage of being able to 
explore the fifth or sixth bronchial 
division and can be performed in 
the emergency department. It can 
also afford a view of the upper 
lobes.15

One study concluded that bron-
choscopy may not be necessary in 
the management of severe hemopty-
sis due to the risk of hypoxia, airway 
compromise from sedation, delay in 
definitive therapy, and cost.41 This 
opinion was supported by others 
who felt that there was no need for 
bronchoscopy during active severe 
bleeding.2 High resolution CT may 
replace fiberoptic bronchoscopy 
in the immediate management of 
hemoptysis, or perhaps guide the 
bronchoscopy.22 

In cases of mild or moderate 
hemoptysis, the optimal timing 
of bronchoscopy is controversial. 
The diagnostic yield of flexible 

bronchoscopy is higher if performed 
early while bleeding is still active, but 
the timing does not appear to alter 
therapy or clinical outcome.16

Computed tomography and CT 
angiography, while not therapeutic, 
can be superior diagnostic modali-
ties to bronchoscopy in the evalu-
ation of acute hemoptysis. CT can 
demonstrate underlying pathology, 
vascular lesions such as arterio-
venous malformations, thoracic 
aneurysm, bronchiectasis, aspergil-
loma, and carcinoma. As well as 
demonstrating specific pathologies, 
the feeding arteries may be identi-
fied.21 MDCT is capable of detect-
ing the origin and ostial position 
of bronchial arteries and detecting 
nonbronchial systemic arteries. 
MDCT can determine the bleeding 
bronchial artery by measuring the 
tortuosity of the vessel, parenchymal 
enhancement, detecting a specific 
hypertrophied vessel — that is with 
a diameter of > 1.5 mm — or an 
active leak from the vessel. After 
analysis of the bronchial and sys-
temic arteries, the pulmonary vessels 
may be analyzed to try to determine 
if the bleeding vessel is of bronchial 
or pulmonary origin.31 While these 
tend not to be a source of massive 
hemoptysis, Rasmussen aneurysms, 
pulmonary artery aneurysms and 
pseudoaneurysms, and pulmonary 
vessels abutting tuberculous cavities 
can bleed extensively. Therefore, 
while not a therapeutic modal-
ity, MDCT does enable and direct 
arterial percutaneous transcatheter 
embolization.37 

MDCT may, in fact, be more 
accurate than conventional angiog-
raphy in identifying bronchial and 
nonbronchial systemic arteries by 
identifying pleural thickening near 
a parenchymal opacity or enhanc-
ing vessels near an extrapleural fat 
layer.21,42 The disadvantages of CT 
are chiefly radiation exposure, the 
need to use contrast material and its 
attendant risk for nephrotoxicity, and 
time delays in obtaining the study.

Recurrent bleeding after initial 
control of hemoptysis is not uncom-
mon, especially in patients with neo-
plasia, or diffuse disease, such as cystic 

fibrosis, tuberculosis, or aspergilloma. 
A nationwide database found that 

over a 10-year period, of approxi-
mately 457,500 admissions in the 
United States for hemoptysis, 2671 
(0.58%) underwent surgery. Of 
these, 2205 had a lobectomy per-
formed and 466 underwent pneu-
monectomy.43 Massive hemoptysis 
caused by vascular injury, arteriove-
nous malformation, iatrogenic injury 
to the pulmonary artery, leaking 
thoracic aneurysm with communica-
tion to a bronchus, or hydatid cyst 
are conditions in which bronchial 
artery embolization is inadequate to 
control hemorrhage. Bronchial ade-
nomas or mycetomas/aspergillomas, 
as localized diseases, may be treated 
surgically.1

Patients with nonresectable tumor, 
diffuse/bilateral lung disease (e.g, 
cystic fibrosis, multiple avascular 
malformations, multifocal bronchiec-
tasis), poor pulmonary reserve, poor 
functional status, or other comorbid 
conditions are often poor surgical 
candidates.

Surgery is largely reserved for 
failure of BAE and bronchoscopy, 
technical failures of arteriography, or 
in situations in which the patient’s 
clinical status does not allow for 
transfer to an interventional radiol-
ogy suite.44,45 Surgery is associated 
with better survival when performed 
in a nonurgent setting. Mortality 
rates following surgical intervention 
for hemoptysis range from 7-18%, 
but rise to 40% in the emergency 
setting.30

Conclusion
Hemoptysis is not an uncommon 

chief complaint in the emergency 
department. Massive hemoptysis, 
which represents less than 5% of the 
cases of hemoptysis, is defined as 
blood greater than 200 to 1000 mL 
in less than 24 hours, or any quantity 
causing hemodynamic instability and 
capable of causing asphyxia, and can 
be life-threatening. The differential 
diagnosis of hemoptysis is extensive, 
with bronchitis, bronchiectasis, bron-
chogenic carcinoma, and tuberculo-
sis being the most common overall 
causes. When managing hemoptysis, 
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ABCs should be addressed first, fol-
lowed by a thorough history and 
physical exam. Both CT scans and 
bronchoscopy can greatly aid in 
the investigation of hemoptysis. 
Bronchoscopy is advantageous in 
that it can be both diagnostic as well 
as therapeutic, while CT is better at 
diagnosing the etiology of hemop-
tysis and is readily available. In addi-
tion to bronchoscopic interventions, 
bronchial artery embolization has 
largely replaced surgery as the pri-
mary method of treatment for mas-
sive hemoptysis. Surgery is reserved 
for cases that have failed BAE. 
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CME Questions

1. Which of the following is not considered 
massive hemoptysis?
A. 400 cc in 6 hours
B. 300 cc in a single episode lasting 15 

minutes
C. 100 cc a day for 5 straight days
D. 100 cc every hour for 8 hours

2. Which vessel is responsible for the major-
ity of the cases of massive hemoptysis?
A. pulmonary artery
B. pulmonary vein
C. bronchial artery
D. bronchial vein

3. Which of the following is not a common 
cause of hemoptysis?
A. chronic inflammatory lung disease
B. silicosis
C. tuberculosis
D. bronchogenic carcinoma

4. Which of the following is not a com-
mon cause of hemoptysis in the pediatric 
population?
A. pulmonary embolus
B. lower respiratory infection
C. foreign body aspiration
D. bronchiectasis secondary to cystic 

fibrosis

5. All of the following steps should be taken 
in the initial management of patients with 
massive hemoptysis except:
A. Place the patient in lateral decubitus 

position with bleeding side up.
B. Perform blind right main stem endo-

tracheal intubation if the bleeding is 
left sided.

C. Perform selective intubation with a 
dual lumen endotracheal tube by an 
experienced anesthesiologist or pul-
monologist.

D. Establish two large bore intravenous 
lines.

6. A long-time smoker presents after cough-
ing up about 50 cc of bright red blood. 
He is hemodynamically stable, and after 
one hour of waiting to be seen, has had 
no further hemoptysis. His chest X-ray is 
negative. Lab work, including coagulation 
studies, is normal. The best treatment 
plan is:
A. reassurance, see his private physician 

for repeat chest X-ray at 6 months
B. emergency rigid bronchoscopy in the 

ED
C. CT of the chest and fiberoptic bron-

choscopy within the next 24-48 hours
D. maxillofacial CT to look for sinus 

lesions 

7. All of the following are disadvantages of 
bronchoscopy except:
A. increased risk of hypoxia
B. cost
C. delay in definitive therapy
D. does not allow for direct intervention

8. How many milliliters of blood in the alve-
olar space cause substantial impediment 
to gas exchange?
A. 100 mL
B. 200 mL
C. 300 mL
D. 400 mL

9. Which of the following is not true regard-
ing surgical management of massive 
hemoptysis?
A. It is the preferred method of interven-

tion for majority of cases.
B. Mortality rates can be high as 40%.
C. Surgery is associated with better sur-

vival when performed in a nonurgent 
setting.

D. Lobectomy is the most common type 
of surgery performed.

10. All of the following are complications of 
bronchial artery embolization except:
A. anaphylaxis
B. myocardial infarction
C. transient dysphagia
D. esophageal necrosis
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Hemoptysis

Chest X-ray of a Patient with  
Diffuse Alveolar Hemorrhage

Image courtesy of Dr. David Effron.

Image courtesy of Dr. David Effron.

Tuberculosis Lateral

Tuberculosis PA Chest X-ray

Image courtesy of Dr. David Effron.

Pulmonary
• Acute and chronic bronchitis
• Pneumonia
• Tuberculosis*
• Lung abscess*
• Neoplasm*
• Fungal infection*
• Bronchiectasis*
• Pneumonitis (chemical, inhalational, etc.)
• Cystic fi brosis*
• Pulmonary contusion/trauma
• Parasites

Cardiovascular
• Pulmonary embolism
• Congestive heart failure
• Arteriovenous malformation
• Pulmonary hypertension
• Mitral stenosis
• Vasculitis (Wegener’s, Goodpasture’s, SLE)
• Aortopulmonary fi stula
• Endocarditis
• Coagulopathy (DIC, VWD, hemophilia, thrombocytopenia, warfarin)

Others
• Foreign body
• Iatrogenic (post bronchoscopy, biopsy, tracheostomy 

complications)
• Medications
• Trauma
• Cocaine

VWD= von Willebrand’s disease
DIC= Disseminated intravascular coagulation
SLE= Systemic lupus erythematosis
*= More likely causes for massive hemoptysis

Causes of Hemoptysis

• Complete blood count with 
differential

• Complete metabolic panel
• Coagulation studies 

including PT/INR and PTT
• Type and screen/cross
• D-dimer
• Arterial blood gas
• Sputum culture, fungal 

culture
• Gram stain, including acid-

fast bacillus
• Tuberculin skin testing
• Urinalysis

Suggested Laboratory Tests
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Hemoptysis

History and Physical
Labs

Chest X-Ray

Stable Unstable

MDCT

Bronchoscopy

ICU

Consider IVFs, prbcs, TXA
Intubation

Correct Coagulopathy 

Bronchoscopy

Bleeding 
uncontrolled

Bleeding 
controlled

BAE

Surgery

ICU

Computed Tomography Scan Bronchoscopy
Pros • Superior diagnostic 

potential
• Visualization of vessels
• Availability
• Cost

• Allows for therapeutic 
intervention

• Direct visualization of 
tracheobronchial tree

• No radiation
Cons • Radiation

• No therapeutic intervention
• Nephrotoxicity from 

contrast material

• Requires sedation and/
or intubation

• Not readily available
• Time delay
• Cost

Algorithmic Approach to  
Evaluation of Massive Hemoptysis

Comparison of Computed Tomography 
and Bronchoscopy

Image courtesy of Dr. David Effron.
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