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Introduction

Hemoptysis,  the expectoration of blood from the 
respiratory tract, can be challenging to manage for even 
the most experienced clinicians. The presentation varies, 
ranging from mild, blood-tinged mucus to serious and 
potentially life-threatening hemorrhage. A number of 
different etiologies exist, and the prevalence of each of these 

has shifted as medical and surgical therapies have advanced. 
A variety of techniques are used to treat life-threatening 
hemoptysis, including bronchoscopy, bronchial artery 
embolization (BAE), and surgical intervention. Ultimately, 
management of this condition requires a multi-disciplinary 
team approach, including ICU physicians (intensivists), 
radiologists, pulmonologists, interventional radiologists, 
and thoracic surgeons. Skilled coordination between these 
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physicians is essential to optimize outcomes. This article 
provides a comprehensive review of the definition, etiology, 
clinical manifestations, and team management of life-
threatening hemoptysis in the ICU.

Definitions

Several descriptors for the degree of hemoptysis exist in the 
literature with massive as the most commonly used term 
for severe hemoptysis. The exact criteria for “massive” 
hemoptysis has not been standardized, with volumes of 
blood loss used to characterize the condition ranging from 
100 mL in 24 hours to greater than 1 L over 48 hours (1,2). 
Others have argued that the severity of hemoptysis should 
be based not only on the amount of expectorated blood 
but also by the clinical context (3). This concept cannot be 
over-emphasized.

Calculating the volume of lost blood may be difficult and 
inexact. Given that the average anatomic dead space of the 
lung is approximately 150 mL, even a small to moderate 
volume of blood can quickly overwhelm the lung’s ability to 
oxygenate and ventilate (4). In patients with chronic lung 
disease, the physiologic dead space is increased. Factors such 
as hemodynamic parameters, oxygenation, and underlying 
comorbid conditions should all factor into grading 
the severity of hemoptysis. Pre-existing heart failure, 
emphysema, or pulmonary hypertension may compromise 
the patient’s ability to compensate for small volumes of 
bleeding in the tracheobronchial tree (5). Given the above, 
a reasonable definition of life-threatening hemoptysis may 
be any amount of bleeding that results in cardio-pulmonary 
dysfunction or failure, including hemodynamic compromise 
or inability to oxygenate and/or ventilate to sustain life.

Anatomy and pathophysiology

The pulmonary vascular supply consists of two distinct 
systems: the bronchial and pulmonary arteries. Ninety-
nine percent of blood flow to the lungs is provided by the 
pulmonary arteries, which participate in gas exchange. 
The bronchial arteries supply nutrients to the pulmonary 
system and do not interact directly with the alveolar units. 
Pulmonary and bronchial arteries interact via microscopic 
anastomoses (6). In the majority of cases, the left bronchial 
artery reliably originates from the proximal descending 
aorta, whereas the right bronchial artery occasionally arises 
from the aorta but more commonly shares its origin with an 
intercostal artery (6). 

Many pathological pulmonary conditions can alter the 
anatomy of the bronchial arterioles, which can increase the 
risk of rupture and subsequent pulmonary hemorrhage. 
Pulmonary hypertension, chronic infection, bronchiectasis, 
and vasculitis can all create an environment that shifts 
blood flow from the pulmonary arteries to the bronchial 
circulation, leading to hypertrophy, hypervascularization, 
and collateral vessel formation (6). The source of bleeding 
in 90% of cases of life-threatening hemoptysis is the 
bronchial arteries, with the remaining 10% of cases 
originating from a pulmonary artery (PA) or an unidentified 
source of bleeding (7). 

Epidemiology and etiology

Mortality rates from massive or life-threatening hemoptysis 
range widely and can be as high as 50–100% (8).  
Hemoptysis cases predominantly involve adults, with 
males being more than twice as likely to be affected (9-12). 
Hemoptysis has both geographical and seasonal variance, 
with prevalence rates ranging from 0.2% to 14% (11-13). 
Seasonally, the incidence of hemoptysis cases has a bimodal 
distribution, with most occurring during spring and late fall 
(11,14). Garcia-Olivé et al. performed a retrospective review 
of patients presenting with life-threatening hemoptysis to a 
tertiary care hospital between 2007 and 2011 and examined 
the influence of influenza and climactic parameters. 
Hemoptysis cases peaked in April and November and were 
associated with lower mean temperature and with increased 
influenza activity. It may be inferred that climactic factors 
predisposing individuals to respiratory tract infections can 
increase the risk of hemoptysis in patients with underlying 
lung pathology. 

The causes of hemoptysis are diverse and range from 
infectious to malignant to iatrogenic etiologies (Table 1). 
Globally, tuberculosis is the most common cause due to 
its prevalence in developing nations, while malignancy is 
the underlying origin in most cases in developed countries 
(12,13,15,16). As medical treatments have advanced, 
the prevalence of various etiologies of hemoptysis has 
shifted. In a prospective observational study of 67 patients 
with life-threatening hemoptysis by Crocco et al., the 
major underlying condition was tuberculosis (49%) with 
bronchogenic carcinoma present in a small percentage of 
patients (8%) (8). More recently, in a retrospective review of 
167 patients by Vanni et al., lung malignancy was the source 
of hemoptysis in 19% of cases, while tuberculosis was rare 
(4%) (17) (Table 2). 



5141Journal of Thoracic Disease, Vol 13, No 8 August 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(8):5139-5158 | http://dx.doi.org/10.21037/jtd-19-3991

Table 1 Causes of hemoptysis

Infectious

Tuberculosis

Bronchitis

Necrotizing pneumonia

Mycetoma

Lung abscess

Septic emboli

Parasitic infection (echinococcal cyst, paragonimiasis)

Neoplasm

Bronchogenic carcinoma 

Pulmonary metastases

Endobronchial tumor

Sarcoma

Pulmonary

Bronchiectasis

Cystic fibrosis

Lymphangioleiomyomatosis

Diffuse alveolar hemorrhage

Vascular/cardiac

Bronchial artery aneurysm

Pulmonary artery aneurysm

Pulmonary embolism

Pulmonary hypertension

Arteriovenous fistula

Bronchovascular fistula

Pulmonary edema

Hereditary hemorrhagic telangiectasias

Other congenital vascular malformation

Drug induced

Bevacizumab

Anticoagulants/antiplatelet

Volatile solvent

Trimellitic anhydride

Crack cocaine

Nitrofurantoin

Table 1 (Continued)

Table 1 (Continued)

Injury-related

Pulmonary artery injury from catheter placement

Direct trauma

Iatrogenic (biopsy-related, bronchoscopy)

Hematologic

Primary and acquired coagulopathy

Platelet disorders

Autoimmune

Granulomatosis with polyangiitis

Anti-glomerular basement membrane disease

Behcet’s disease

Mixed connective tissue disease

Systemic lupus erythematosus

Anti-phospholipid syndrome

Henoch-Schonlein purpura

Cryoglobulinemia

Other

Cryptogenic

Foreign body aspiration

Other infectious causes may be a source of hemoptysis. 
In a review of 148 patients presenting with hemoptysis, the 
leading causative diagnosis was bronchitis (27%), followed 
by tuberculosis (7%), pneumonia (5%), and aspergilloma 
(1%) (18). Recurrent infection or its sequelae, such as 
bronchiectasis, can create chronic inflammation, which 
can lead to hyperemia of the mucosa, hypervascularity of 
the bronchial arteries, and the promotion of angiogenic 
growth factors that increase the number and size of 
bronchopulmonary anastomoses (6,19). Aspergillus 
species may colonize cavitary or cystic spaces due to 
prior pulmonary disease (i.e., tuberculosis or recurrent 
pneumonia), thus forming an aspergilloma that may erode 
into nearby bronchial vessels and cause hemoptysis. 

Vascular malformations, both hereditary and non-
hereditary, may result in significant hemoptysis. Examples 
include pulmonary arteriovenous malformations, PA 
pseudoaneurysms (PAP), PA aneurysms (PAA), and 
aortobronchial fistulae (20-24). Hereditary hemorrhagic 



5142 Charya et al. Management of life-threatening hemoptysis

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(8):5139-5158 | http://dx.doi.org/10.21037/jtd-19-3991

T
ab

le
 2

 E
tio

lo
gi

es
 o

f h
em

op
ty

si
s 

in
 r

ec
en

t s
tu

di
es

A
ut

ho
r

Ye
ar

N
um

be
r 

of
 

pa
tie

nt
s

C
au

se
 o

f h
em

op
ty

si
s 

(%
)

Lu
ng

 
ca

nc
er

Tu
be

rc
ul

os
is

B
ro

nc
hi

ec
ta

si
s

A
sp

er
gi

llo
si

s
B

ro
nc

hi
tis

 o
r 

pn
eu

m
on

ia
C

ry
pt

og
en

ic
Va

sc
ul

ar
 

m
al

fo
rm

at
io

n
A

ut
oi

m
m

un
e 

or
 

sy
st

em
ic

 d
is

ea
se

O
th

er

A
bd

ul
m

al
ak

 e
t a

l.*
20

15
16

,7
13

17
.8

2.
5

6.
9

1.
2

23
.1

48
.9

0.
2

0.
2

21
.9

H
irs

hb
er

g 
et

 a
l.

19
97

20
8

19
1.

4
20

–
34

8
–

2
7

Fa
rt

ou
kh

 e
t a

l.# 
20

12
1,

08
7

17
25

20
6

–
18

5
–

15

C
ha

n 
et

 a
l.

20
09

25
1

8.
4

41
.8

31
.9

4.
4

4.
8

3.
2

0.
8

–
2.

8

B
ha

lla
 e

t a
l.

20
17

64
6.

25
65

9.
3

1.
56

10
.7

–
–

1.
56

3

Jo
hn

st
on

 e
t a

l.
19

89
 

14
7

19
7

1
1

42
3

3
1

23

Va
nn

i e
t a

l.
20

18
19

7
19

4
11

–
27

31
–

–
7

O
ng

 a
nd

 E
ng

20
03

29
6

10
61

6
–

–
–

–
9

Va
lip

ou
r 

et
 a

l.&
20

05
76

35
23

8.
5

–
–

16
7

–
10

.5

*,
 in

cl
ud

es
 o

ve
rla

pp
in

g 
di

ag
no

se
s.

 # , F
ar

to
uk

h 
M

, K
ho

sh
no

od
 B

, P
ar

ro
t 

A
, e

t 
al

. E
ar

ly
 p

re
di

ct
io

n 
of

 in
-h

os
pi

ta
l m

or
ta

lit
y 

of
 p

at
ie

nt
s 

w
ith

 h
em

op
ty

si
s:

 a
n 

ap
pr

oa
ch

 t
o 

de
fin

in
g 

se
ve

re
 h

em
op

ty
si

s.
 R

es
pi

ra
tio

n 
20

12
;8

3:
10

6-
14

. &
, V

al
ip

ou
r 

A
, K

re
uz

er
 A

, K
ol

le
r 

H
, e

t 
al

. B
ro

nc
ho

sc
op

y-
gu

id
ed

 t
op

ic
al

 h
em

os
ta

tic
 t

am
po

na
de

 t
he

ra
py

 f
or

 t
he

 m
an

ag
em

en
t 

of
 li

fe
-t

hr
ea

te
ni

ng
 h

em
op

ty
si

s.
 C

he
st

 2
00

5;
12

7:
21

13
-8

.

telangiectasia (HHT), also known as Osler-Weber-
Rendu syndrome, is associated with the progressive 
development of arteriovenous vascular malformations 
(AVMs) .  The  most  commonly  a f fec ted  s i te s  are 
cutaneous; however, patients may present with AVMs 
of the gastrointestinal tract, brain, and lungs (25). 
Ference et al. conducted a retrospective review of 159 
patients with HHT referred for embolotherapy of 
pulmonary AVMs (PAVM); eleven patients (8%) with 
HHT and PAVMs experienced massive hemoptysis (23).  
Pulmonary artery pseudoaneurysm (Figure 1) formation 
may be associated with a number of diseases, including 
bronchiectasis, tuberculosis, chronic obstructive pulmonary 
disease, silicosis, progressive massive fibrosis, mycetoma, 
and hyper-IgE (Job’s) syndrome (21,22). Sbano et al. 
identified a 10% incidence of PAP in patients with massive 
hemoptysis who underwent BAE. 

Hemoptysis is commonly associated with thoracic 
malignancies. Tumors within the chest can lead to 
hemoptysis in several ways, including neo-vascularization 
within the mass, tumor necrosis, erosion into the central 
airways and surrounding vessels, and cavitation of the  
mass (26). Squamous cell carcinoma, in particular, seems 
to be most associated with the risk of hemoptysis. Razazi 
et al. prospectively analyzed 125 patients with non-small 
cell lung cancer (NSCLC) who presented with hemoptysis 
from 1995 to 2010. Fifty-two percent of these patients had 
an underlying diagnosis of squamous cell carcinoma, while 
31% had a diagnosis of adenocarcinoma. The majority 
of bleeding arose from within the lesions themselves. 
Significant risk factors associated with hemoptysis in the 
setting of lung malignancy included advanced stage and 
centrally located lesions. Overall, NSCLC accounted for 
11% of hemoptysis-related ICU admissions (27).

Several autoimmune diseases can manifest with 
diffuse alveolar hemorrhage (DAH), occasionally leading 
to life-threatening hemoptysis. Examples include the 
antineutrophil cytoplasmic antibody (ANCA)-related 
vasculitides, anti-basement membrane disease, and systemic 
lupus erythematosus (SLE). Within a case series of patients 
with autoimmune-related DAH, granulomatosis with 
polyangiitis (GPA) was the most common diagnosis (36%), 
followed by microscopic polyangiitis (33%), SLE (24%), 
and eosinophilic granulomatosis with polyangiitis (EGPA) 
(5%). Seventy-seven percent of patients presented with 
hemoptysis, and 66% had moderate bleeding (28).

The cause of hemoptysis can be iatrogenic due to an 
invasive procedure or adverse effect from medications 



5143Journal of Thoracic Disease, Vol 13, No 8 August 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(8):5139-5158 | http://dx.doi.org/10.21037/jtd-19-3991

Figure 1 CT of a patient presenting with life-threatening hemoptysis requiring intubation. (A) Non-contrast CT with an RLL mass-like 
density read as a cavitary mass, likely source of hemoptysis. (B) CTA showing a large RLL pseudoaneurysm. CT, computed tomography; 
RLL, right lower lobe; CTA, computed tomography angiography.

BA

and chemotherapy. Bronchoscopy is considered a low-
risk procedure but can be associated with bleeding, 
especially in patients with thrombocytopenia or coagulation 
disorders. Despite this, the risk remains low. In a subset 
of thrombocytopenic bone marrow transplant patients 
undergoing bronchoscopy, bleeding occurred in only 3% of 
patients (29). The acceptable threshold for platelets is 50,000 
per microliter for transbronchial biopsies (30). Bevacizumab, 
a vascular endothelial growth factor inhibitor used for 
treatment of NSCLC, can be associated with life-threatening 
hemorrhage, especially in squamous cell histology (31,32). In 
addition, certain immunosuppressive medications, including 
sirolimus, can be associated with DAH and hemoptysis 
in the transplant population (33,34). More recently, the 
increasing use of extracorporeal membrane oxygenation has 
been associated with the development of life-threatening 
pulmonary hemorrhage, which can complicate the need for 
systemic anticoagulation (35). 

In some cases, the source of bleeding in patients 
presenting with hemoptysis remains unknown. The 
incidence of cryptogenic hemoptysis reported in the 
literature ranges from 7–25% (36,37). Angiographic factors 
associated with cryptogenic hemoptysis include bronchial 
artery dilation, hypervascularization, and increased 
bronchial-pulmonary shunting (38). Hemoptysis without an 
underlying diagnosis may be a harbinger for an undiagnosed 
thoracic malignancy. Within a cohort of 115 patients 
diagnosed with cryptogenic hemoptysis, 6% developed lung 
cancer during the follow-up period. The mean duration 
between initial presentation for hemoptysis and subsequent 
diagnosis of cancer was 17.3 months (39).

Initial management

The initial management of a patient presenting with 
life-threatening hemoptysis should focus on airway and 
hemodynamic stabilization and maintenance of oxygenation. 
Early management should include pulse-oximetric 
oxygenation saturation, hemodynamic monitoring, and 
administration of supplemental oxygen (7). Although 
asphyxiation remains the most likely cause of mortality, 
establishment of adequate vascular access, blood typing and 
crossmatch should be obtained in anticipation of possible 
transfusion or need for surgery. 

Inasmuch as the clinical situation allows, a brief 
history and physical examination should be obtained. An 
underlying malignancy, prior tuberculosis exposure, history 
of autoimmune disease, underlying cardiopulmonary 
comorbidities, or current anticoagulation therapy may 
be useful information to help guide management and 
subsequent interventions. History may be useful for ruling 
out pseudohemoptysis, i.e., gastrointestinal bleeding or 
epistaxis. Visualization of coffee-ground emesis or physical 
exam findings of chronic liver disease, gingivitis, or 
nasopharyngeal mucosal ulcerations may be clues that point 
to a source of bleeding other than the tracheobronchial  
tree (40). Subsequently, laboratory testing including 
complete blood count and coagulation panel should be 
obtained, along with a chest X-ray. A complete blood 
count may be useful for identifying thrombocytopenia as 
a contributor to ongoing hemoptysis. A chest X-ray can 
demonstrate a site of the bleed; however, its sensitivity for 
detecting the laterality of bleeding varies widely from 32% 
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to 80% (41). 
If the patient is unable to maintain oxygenation or 

ventilation, has impaired mentation, or inability to 
expectorate, then endotracheal intubation should be 
considered, ideally in conjunction with early bronchoscopy. 
The patient should be intubated preferably with a large 
diameter endotracheal tube, 8.5 to 9 mm for men and 
8.0 to 8.5 mm for women (5). This will facilitate passage 
of therapeutic bronchoscopes as well as endobronchial 
blockers. Placing the patient in the lateral decubitus 
position with the affected lung down can prevent aspiration 
of blood into the unaffected lung. If the site of bleeding is 
able to be lateralized, then selective mainstem intubation 
of the unaffected lung can be attempted bronchoscopically 
after endotracheal intubation. In the case of selective 
intubation of the right lung, there is a risk of obstruction of 
the right upper lobe by the endotracheal tube, which can 
be problematic in patients with limited pulmonary reserve. 
Selective endobronchial intubation also prevents access to 
the affected lung for further bronchoscopic intervention 
(42,43). 

Pulmonary isolation can also be accomplished by 
insertion of a double-lumen endotracheal tube (DETT), 
which provides ventilation to the unaffected lung and 
allows limited passage of instruments into the affected lung. 
The insertion of a DETT, however, can be technically 
difficult and requires an experienced operator for successful 
placement. In a study by Campos et al.  examining 
the placement of DETT in the operating room by 
anesthesiologists with limited thoracic experience, there was 
a 36% failure rate (44). The rate of unsuccessful placement 
may be even higher in a critically-ill patient. In addition, 
the small lumens of a DETT prevent the use of therapeutic 
bronchoscopy, which impairs the practitioner’s ability to 
clear blood and clots from the airway. In a survey eliciting 
clinicians’ perspectives regarding the management of 
hemoptysis, only 7% of physicians advocated for the initial 
insertion of a DETT (44). Given the technical challenges 
of placing a DETT and subsequent inability to perform 
airway clearance or bronchoscopic therapeutics, intubation 
with a single lumen endotracheal tube is the recommended 
management strategy. Endobronchial blockers (EBB) 
may be used to selectively isolate the affected lung of the 
bleeding segment. Commonly used blockers include the 
Arndt endobronchial blocker (Cook® Medical), Cohen Tip 
Deflecting endobronchial blocker (Cook® Medical), Rusch 
EZ Blocker (Teleflex® Medical), and Fuji Uniblocker (Fuji 
Systems® Corporation) (Figure 2). These devices can be 

bronchoscopically advanced through the ETT to occlude 
the affected lobe of the lung and are periodically deflated to 
evaluate for hemostasis and to prevent airway injury. 

EBB vary in size and mechanism for ensuring accurate 
placement in the affected airway (Table 3). It is important 
to consider both the size of the ETT and the outer 
diameter of the bronchoscope when placing these devices. 
The combined diameter of the EBB and bronchoscope 
should be less than the inner diameter of the ETT, ideally 
with a difference of at least 1 mm, but preferably 2 mm. 
For example, with an 8.0 ETT and a 7 French (2.3 mm) 
EBB, the outer diameter of the bronchoscope must be 
less than 5 mm, ideally less than 4 mm. Placement of both 
the EBB and bronchoscope within the ETT may lead 
to impairment in ventilation and oxygenation. If there is 
significant impairment in ventilation, the recommendation 
is to immediately deflate the balloon and withdraw both 
instruments. Additionally, measurement of the distance of 
both the ETT and EBB should be communicated to the 
respiratory therapists and nurses. A sudden decrease in 
ventilation and increase in peak pressures is indicative of 
balloon migration into the trachea by either EBB or ETT 
movement (Figure 3); thus, prior knowledge of the exact 
placement of these devices by all staff is critical. 

Radiology and CT imaging

Chest radiography is the most common initial radiological 
test performed in the evaluation of life-threatening 
hemoptysis. It is easy to obtain, can help lateralize the 
site of bleeding, and, to some extent, depict underlying 
abnormalities that may provide clues to the etiology of 
bleeding (45). The use of computed tomography (CT) can 
provide higher resolution information regarding location 
of bleeding, pulmonary parenchymal abnormalities, and 
the anatomy and course of bronchial and pulmonary 
arteries with contrast-enhancement. Radiographically, 
hemoptysis can correlate with two major CT imaging 
signs in the lung parenchyma: ground-glass opacities 
and alveolar infiltrates (46). In a study comparing high-
resolution CT to conventional chest radiography and 
bronchoscopy among 57 patients presenting with 
hemoptysis, CT imaging identified abnormalities involving 
the airways in 88% of cases and the presumptive diagnosis 
in 63% of cases. When combined with bronchoscopy, 
the overall diagnostic yield of CT imaging increased 
to 81% (47). In a study by Revel et al. evaluating the 
role of CT imaging in the diagnosis of hemoptysis, 
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CT imaging located the bleeding site and the cause of 
bleeding in 70% and 77% of cases, respectively (48).  
CT imaging requires stabilization of the patient and a 
secure airway as it involves transporting the patient to the 
CT scanner, which may delay obtaining timely images. 

Mult idetector  row CT (MDCT) with contrast 
enhancement (angiography) provides a speedy and non-
invasive method of acquiring high-resolution images of the 

lung parenchyma and a map of the thoracic vasculature, 
including the bronchial systemic, non-bronchial systemic, 
and pulmonary arteries. When compared to the gold 
standard of conventional angiography, MDCT has similar 
efficacy in visualizing the bronchial arteries (49). Images 
are acquired with a 16- or greater detector row scanner 
during a single breath hold through an area covering the 
thoracic inlet to just below the renal arteries. Phasing is an 

Figure 2 Two examples of commercially available endobronchial blockers. (A) Arndt endobronchial blocker through the proximal port that 
also allow for attachment to a ventilator circuit and passage of a bronchoscope (blue star). The distal end contains an occlusion balloon as 
well as a wire loop used to snare the bronchoscope to provide guidance during placement. (B) Proximal end of the Rusch EZ blocker with 
color-coded proximal balloon ports. (C) Bifurcated distal end of the Rusch EZ blocker with colored cuffs corresponding to the proximal 
ports allowing for selective mainstem occlusion.

B

C

A
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important consideration for image acquisition; scanning 
should start after a 6 to 18 second delay or at a threshold 
of 100–120 Hounsfield units within the descending 
thoracic aorta (50-52). Reconstructive techniques such as 
two-dimensional maximum intensity projection (MIP), 
three-dimensional volumetric, and shaded surface display 
reformatted images can provide further information on the 
paths of culprit vessels and serve as a useful planning tool 
for BAE. Additionally, electrocardiographic synchronization 
during scanning increases spatial resolution and decreases 
artifact (53). 

Bronchoscopic methods

Bronchoscopy is an essential intervention for the 
management of life-threatening hemoptysis (Table 4).  
It can be used for both diagnostic and therapeutic 
purposes and can be done rapidly at the bedside in the 
ICU setting. Bronchoscopy can aid in lateralizing the site 
of bleed, but its sensitivity in determining the cause of 
bleeding is low (8%) (48). Some controversy exists in the 
literature regarding the timing and use of bronchoscopy 
for evaluation of hemoptysis prior to CT imaging or 

Table 3 Endobronchial blockers

Name Manufacturer
Blocker 
Fr (mm)

Length 
(cm)

Minimum recommended 
ETT diameter (mm)

FOB outer 
diameter (mm)

Balloon 
volume (mL) 

Placement mechanism

Arndt 
endobronchial 
blocker

Cook Medical 7.0 65 ≥6 ≤3.6 2–6 Guidewire loop snared on 
bronchoscope

9.0 78 ≥7.5 ≤4.2 4–8

Cohen 
endobronchial 
blocker

Cook Medical 9.0 65 ≥7.0 ≤4.2 6–9 Wheel mechanism allows for 
tip to be guided into target 

bronchus

Fuji uniblocker Fuji Systems 
Corporation

5.0 40 ≥4.5 – 3 Flexible blocker shaft allows 
for control of proximal tip for 

placement guidance
9.0 66.5 ≥8.0 – 8

Rusch EZ  
blocker

Teleflex 7.0 75 ≥7.0 3.2-4.2 – “Y-shaped” tip sits at carina

Fr, French; ETT, endotracheal tube; FOB, fiberoptic bronchoscope.

Figure 3 Representative waveforms demonstrating endobronchial blocker migration. (A) Normal waveforms; (B) elevated peak pressures 
and decreased tidal volumes associated with tracheal migration of the endobronchial blocker.
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BAE (54,55); however, in the setting of life-threatening 
hemoptysis, bronchoscopy provides valuable therapeutic 
options for temporizing the bleeding prior to definitive 
management. Importantly, bronchoscopy is useful 
for suctioning of blood and clots from the unaffected 
lung in order to improve gas exchange. Regarding the 
timing of initial bronchoscopy for hemoptysis, 84% of 
pulmonologists prefer bronchoscopy immediately or 
within the first 24 hours (56). 

Both rigid and flexible bronchoscopy can be used to 
evaluate and treat life-threatening hemoptysis. Rigid 
bronchoscopy affords better access to the tracheobronchial 
space and allows the passage of large instruments for 
suctioning and selective ventilation; however, it is more 
technically challenging and cannot be easily done at 
the bedside. Only 17% of pulmonologists prefer rigid 
bronchoscopy as the initial bronchoscopic procedure for 
life-threatening hemoptysis (56). In a life-threatening 
or emergent scenario, flexible bronchoscopy is likely the 
more efficient and easily accomplished bronchoscopic 
procedure as it often requires less coordination such as the 
mobilization of an operating room.

Cold  sa l ine  i r r igat ion i s  f requent ly  used  as  a 
topical therapy to mitigate intra- and post-procedural 
endobronchial bleeding and can be used as a temporizing 
measure during management of life-threatening hemoptysis. 
Conlan and Hurwitz described the use of cold saline 

irrigation (>600 mL in 24 hours) in the management of 12 
patients presenting with life-threatening hemoptysis. All 
12 patients underwent urgent rigid bronchoscopy, and the 
affected lung was lavaged with normal saline at 4 degrees 
Celsius in 50 mL aliquots. The average volume of saline 
used prior to cessation of bleeding was 500 mL. The sole 
adverse effect was transient sinus bradycardia. Twenty-five 
percent of patients underwent definitive surgical treatment, 
and all patients remained free of hemoptysis at the time of 
follow-up (57).

In addition to cold saline, topical hemostatic and 
vasoactive agents can be used as adjunct measures during life-
threatening hemoptysis. Vasopressin and its analogues have 
been shown to achieve hemostasis with both the intravenous 
and endobronchial routes (58,59). Desmopressin has been 
used for management of hemoptysis due to Leptospirosis and 
cystic fibrosis (60,61). Application of epinephrine diluted in 
normal saline can be used in conjunction with cold saline for 
endobronchial bleeding and can be used for life-threatening 
hemorrhage (62). No standard dilution is described in the 
literature and dosages can range from 1 to 20 mL of 1:1,000 
to 1:100,000 concentration. Patients should be carefully 
monitored for cardiac dysrhythmia or hemodynamic changes 
when using topical epinephrine. A maximum dose of  
0.6 mg is suggested (63). In sources of bleeding that 
are visible endoscopically, use of argon plasma or laser 
photocoagulation can be used as treatment after bleeding has 
been controlled with topical therapies (64-67). 

Fibrinogen-thrombin solution instillation into an 
affected segment or subsegment can provide short-term 
control of bleeding in severe hemoptysis. Tsukamoto et al. 
described a series of 33 patients presenting with hemoptysis 
treated with fibrinogen (19 patients) and fibrinogen-
thrombin (14 patients). Among a subset of individuals 
with severe hemoptysis (greater than 200 mL per episode), 
treatment with fibrinogen alone was very or somewhat 
effective in 50% of patients; however, the combination 
of fibrinogen-thrombin was very or somewhat effective 
in 100% of patients (68). de Gracia et al. conducted a 
prospective observational study of patients presenting with 
severe hemoptysis (150 mL over 12 hours) treated with 
fibrinogen-thrombin instillation. Immediate and long-
term control of bleeding was achieved in 100% and 70% of 
patients, respectively (69). Several additional case reports 
describe cessation of bleeding in severe hemoptysis with use 
of fibrinogen solution in conjunction with tranexamic acid 
(TXA) (70).

TXA is a derivative of the amino acid lysine that inhibits 

Table 4 Bronchoscopic methods to manage severe hemoptysis

Topical therapies

Cold saline irrigation

Epinephrine

Vasopressin

Thrombin-fibrinogen complex

Tranexamic acid

Oxidized regenerated cellulose

Endobronchial therapies

Fogarty balloon tamponade

Endobronchial blocker

Silicone spigots

Thermal ablative technique (laser, APC, cryotherapy)

Double lumen endotracheal intubation

APC, argon plasma coagulation.
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Figure 4 Placement of bronchial blocker. (A) Bronchoscopic image of thrombus extending from the RLL; (B) endoscopic image of a 
bronchial blocker with balloon inflated to occlude the RLL. RLL, right lower lobe.

BA

the binding of plasminogen and its activators to fibrin, 
thus inhibiting fibrinolysis. TXA demonstrates reduced 
bleeding after administration during cardiac surgery, 
obstetric procedures, trauma, acute upper gastrointestinal 
bleeding, and hemoptysis (71-73). A 2016 Cochrane  
systematic review examined the role of TXA in the 
management of hemoptysis. Two randomized controlled 
trials (RCT) were identified, examining the effects of oral 
and intravenous TXA in 24 and 46 patients presenting 
with hemoptysis, respectively (74). Pooled results from 
the studies showed a significant reduction in bleeding 
time in patients receiving TXA as compared to patients 
receiving placebo; however, due to the limited number of 
studies and significant heterogeneity, there was insufficient 
evidence to recommend the use of TXA in hemoptysis (75). 
Bellam et al. conducted a single-blind, prospective RCT 
studying the effect of intravenous TXA in 66 patients with 
moderate to severe hemoptysis compared with control 
patients receiving normal saline. Use of TXA was associated 
with an improvement in the frequency and severity of 
hemoptysis as measured by visual analogue scale, but there 
was no significant difference between groups with regards 
to number of episodes per day and measured volume of 
hemoptysis (76). 

Endobronchial instillation of TXA has been shown to be 
efficacious in treating hemoptysis (77,78). In a randomized, 
double-blind RCT comparing endobronchial instillation 
of TXA compared to epinephrine, there was no significant 
difference in mean time to achieving bleeding control (79).  
Additionally, nebulized/inhaled TXA has been used 
for moderate hemoptysis but not in patients with life-

threatening hemoptysis (80). A recently published large 
retrospective case-control study examined the effects of 
intravenous TXA in the treatment of hemoptysis. Using 
data derived from a Japanese inpatient database, hemoptysis 
patients receiving TXA were compared with control 
patients who were treated with conventional therapy. After 
propensity score matching, patients in the TXA group 
has significantly lower in-hospital mortality, significantly 
decreased length of hospital stay, and significantly lower 
total in-hospital healthcare costs (81).

A variety of techniques using endobronchial tamponade 
and occlusion exist for the management of life-threatening 
hemoptysis (Figure 4). Use of the Fogarty balloon in 
conjunction with flexible bronchoscopy to achieve 
temporary endobronchial tamponade has been well-
described in the literature (82-84). Saw et al. described 
a series of 10 patients with life-threatening hemoptysis 
successfully managed by selective balloon catheter 
endobronchial tamponade (84). These catheters can be 
rapidly and safely left in place for 12–48 hours, with periodic 
deflation to prevent endobronchial pressure injury. Use 
of balloon catheters limits the ability to suction and may 
impede bronchoscopic view of bleeding; however, modified 
techniques using guidewire and snares to position catheters 
external to the bronchoscope may help to preserve the 
use of suction (85). Endobronchial occlusion with silicone 
spigots or stents (86,87) has been used for the treatment of 
life-threatening hemoptysis. The endobronchial Watanabe 
spigot (EWS) has previously been used for the treatment 
of pulmonary fistulae. Dutau et al. first described its use in 
the treatment of severe hemoptysis (88). In a retrospective 



5149Journal of Thoracic Disease, Vol 13, No 8 August 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(8):5139-5158 | http://dx.doi.org/10.21037/jtd-19-3991

Figure 5 Example of a pulmonary AVM visualized via CTA with delayed phase and angiography. (A) Denotes the subdiaphragmatic course 
of the AVM with origin off the right internal mammary artery; (B) intrathoracic course of the AVM; (C) continuation of the AVM as it enters 
the lingula portion of the left lung; (D) conventional angiography illustrating the descending course of LIMA (blue arrow) with pulmonary 
AVM (blue star). AVM, arteriovenous vascular malformation; CTA, computed tomography angiography; LIMA, left internal mammary 
artery.
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review of 9 patients with severe bleeding, placement of an 
EWS achieved hemostasis in 85% of cases and allowed for 
successful definitive intervention (89). Embolization with 
EWS has been described in the treatment of hemoptysis 
due to malignancy and bronchiectasis (90,91).

Vascular embolization

Originally described by Rémy et al. in 1974, BAE has 
become one of the first-line interventions for life-
threatening hemoptysis (92). BAE has been shown to be 
effective in hemoptysis of both benign and malignant 
etiologies,  including tuberculosis,  bronchiectasis, 
aspergilloma, pneumonia, cystic fibrosis, primary lung 
cancer, and metastatic disease (93-97). Ideally, it should 
be performed shortly after initial stabilization of the 
patient, bronchoscopic intervention to control bleeding, 
and subsequent MDCT. After achieving vascular access, 

an angiogram of the aortic arch and descending aorta is 
obtained to establish the bronchial arteries and visualize 
systemic collaterals, after which selective angiography of 
the abnormal bronchial arteries is obtained (Figure 5). If 
no abnormalities are identified in the bronchial circulation, 
then the non-bronchial systemic and pulmonary vessels 
can be sequentially interrogated to evaluate for sources 
of bleeding (98). Active extravasation of contrast can be 
infrequently seen, but abnormal characteristics of bronchial 
arteries including tortuosity, dilation, hypervascularity, 
shunts, and aneurysms can provide clues as to the culprit 
vessels. 

Commonly used materials for embolization include 
gelatin sponge, poly-vinyl alcohol (PVA) particles, metallic 
coils, liquid embolic agents [i.e., n-butyl-2-cyanoacrylate 
(NBCA)], and non-absorbable microspherical particles 
(6,99). Gelatin sponge is one of the most widely used 
embolic materials due to cost and availability; however, 
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the risk for recurrent bleeding may be increased due 
to its resorbability and risk for recanalization of the 
embolized artery (98,99). PVA and microspheres are non-
absorbable and may be less prone to recurrent bleeding. 
These particle sizes range from 250–700 micrometers in 
diameter; however, particles as large as 900 micrometers 
have been demonstrated to be safe (100). Use of NBCA 
may be technically challenging and carries a risk of distal 
vessel and incorrect target occlusion, the former of which 
may lead to tissue necrosis; however, use of this agent 
carries comparable efficacy when compared to standard 
embolic agents (101). Prior to embolization, it is important 
to detect any bronchial origin of the anterior spinal artery 
to exclude any possibility of post-embolization transverse 
myelitis, which is the most significant adverse effect of 
the procedure; however, the advent of super-selective 
microcatheter techniques has reduced the risk of this 
complication (6). Other more common adverse effects of 
BAE include transient chest pain and dysphagia, which can 
occur in 0.6–20% of cases (99,102,103).  

The immediate success rate of BAE in treatment of 

hemoptysis ranges from 73% to 100% (6,7,99). Rates of 
recurrent hemoptysis vary greatly in the literature and can 
range from 9% to 58% (104). In patients experiencing life-
threatening hemoptysis, immediate clinical success and 
recurrence rates are similar, ranging from 64% to 97.8% 
and 5% to 57% (12,94,100,101,105-117) (Table 5). Risk 
factors for recurrence include incomplete embolization, 
recanalization of the embolized artery, neo-vascularization, 
and progression of disease, especially when malignancy is 
the etiology. Early recurrence may more often be due to 
incomplete embolization, while late recurrence is more 
likely due to disease progression. Etiologies that have a 
greater association of recurrent bleeding include tumor, 
bronchiectasis, and aspergilloma (94,111,118). BAE can 
be performed as a stabilizing intervention prior to surgery. 
In a study of 32 patients with life-threatening hemoptysis 
due to extensive pulmonary tuberculosis, pre-surgical BAE 
was associated with shortened operative times, reduced 
intraoperative bleeding, and decreased post-operative 
complications (95). Conversely, in a study of 61 patients 
with life-threatening hemoptysis who underwent surgical 

Table 5 Outcomes of bronchial artery embolization for severe hemoptysis

Author Year
Number of 

patients
Volume of hemoptysis Embolic material

Immediate 
success (%)

Recurrence 
(%)

Complication 
rate* (%)

Sweezey and 
Fellows

1990 25 >300 mL/day for 3 days Gelatin 84 52 50

Mal et al. 1999 46 50–200 mL/day Gelatin, microspheres, PVA, 
bucrylate 

93.4 18 15.1

Shin et al. 2016 92 >200 mL/h or 600 mL/24 h Gelatin, PVA, metallic coils 64 52 6

Han et al. 2019 84 >300 mL/24 h Gelatin, PVA, metallic coils 82.1 23 0

Corr 2005 70 300 mL/24 h Microspheres 87 13 8.5

Springer et al. 2018 30 >200 mL/24 h PVA 93.8 10.6 13.3

Lu et al. 2016 126 >500 mL/24 h or  
100 mL/episode

PVA 97.8 4.7 2.2

Garcia-Olivé  
et al.

2014 170 >200 mL/24 h or  
100 mL/day for 3 days

Gelatin, PVA, microsphere, 
metallic coils

96 17.6 0.6

Kucukay et al. 2018 180 300–1,200 mL/24 h Microspheres 91.9 8.1 5

Fruchter et al. 2015 52 300 mL/24 h Microspheres 92 57.7 4.4

Chan et al. 2009 251 >200 mL/24 h PVA 95.7 25.5 4.9

Chun and Belli 2010 50 – PVA 86 28 6

Anuradha et al. 2012 58 >600 mL PVA, gelatin, metallic coils, 
glue

93.1 55 48

*, post-procedural complications include chest pain, dysphagia, TIA, paraplegia. PVA, poly-vinyl alcohol; TIA, transient ischemic attack. 



5151Journal of Thoracic Disease, Vol 13, No 8 August 2021

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2021;13(8):5139-5158 | http://dx.doi.org/10.21037/jtd-19-3991

resection, Alexander demonstrated no significant difference 
in mortality or morbidity with or without BAE (119). 

PA sources of hemoptysis are rare but can carry a high 
mortality. Endovascular PA occlusion provides a minimally 
invasive approach that may avoid the need for surgical 
intervention, which may carry a higher risk of mortality in 
emergent situations. Endovascular techniques for PA-related 
hemoptysis may be accomplished with the use of coils, 
ethylene vinyl alcohol, vascular plugs, glue, or graft stent 
placement (Figure 6). Stent placement is useful in situations 
where the lesion is proximal or the vessel must remain 
patent (120). Hemoptysis due to PA source is associated 
with PAP or PAA. Causes of PAP include necrotizing 
pneumonia, tuberculosis, mycetoma, vasculitis, or lung 
cancer, while PAAs may be congenital or idiopathic (121).  
On MDCTA imaging, PA-related hemoptysis may be 
associated with saccular dilation of the vessel, dilation of the 
vessel within the wall of tumor or cavity, irregularity of the 
artery wall, vessel truncation, and/or adjacent necrosis or 
cavitation (122). Complications of PA embolization or stent 
graft placement include pulmonary infarct, coil migration, 
and persistent blood flow inside the aneurysmal sac outside 
of the stent lumen (endoleak). 

Within a series of 19 lung cancer patients presenting with 
hemoptysis of PA origin undergoing PA vascular occlusion, 
the immediate technical success was 73.6% (114). Krokidis 
reported 6 patients presenting with hemoptysis of greater 
than 300 mL per day and imaging findings of PAA or PAP 

who underwent emergent endovascular management. They 
noted a 100% immediate success rate; however, there was 
a 50% relapse rate (123). In a series of 7 patients with PA-
related hemoptysis, use of N-butylcyanoacrylate glue had a 
technical success rate of 100% without major complications 
or recurrence. Use of glue as an embolic agent decreases the 
risk of migration compared to coil embolization. Multiple 
case reports demonstrate the success of endovascular 
occlusion for the treatment of PAP due to iatrogenic injury 
during placement of PA catheters (124,125).

Surgical intervention

Surgical management of life-threatening hemoptysis 
can be appropriate for patients with localized lesions (5). 
Operative intervention may carry a high mortality, with 
reported rates of 10–38%, largely due to patients having 
an underlying compromised respiratory system prior 
to surgery (9,126,127). The indications and eligibility 
for surgical intervention are not standardized; however, 
surgical management may provide definitive treatment 
for patients that have had recurrent hemoptysis after prior 
BAE or in patients with conditions associated with high 
risk of recurrence, including pulmonary aspergilloma. 
Surgical procedures include lobectomy, bi-lobectomy, and 
pneumonectomy, with lobectomy being the most common 
(126,128,129). Among 75 patients undergoing surgery for 

Figure 6 Pulmonary angiography and embolization of a pseudoaneurysm. (A) Large RLL pulmonary artery pseudoaneurysm; (B) post-
procedure angiography after fibered coil embolization with exclusion of the saccular aneurysm and persistent flow with remaining branches 
of the RLL PA. RLL, right lower lobe; PA, pulmonary artery.

BA
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Figure 7 Suggested algorithm for management of life-threatening hemoptysis.

massive hemoptysis, those that underwent pneumonectomy 
had a two-fold increase in mortality compared to those 
who underwent lobectomy (130). Recurrence rates after 
surgical intervention are low and range between 4.2% to 
6.2% (127,128,131). Post-operative complications include 
recurrent hemoptysis, persistent air leak, bronchopleural 
fistulae, empyema, prolonged mechanical ventilation, and 
tracheostomy.

Multidisciplinary approach and management 
algorithm for life-threatening hemoptysis

The optimal management of patients experiencing life-

threatening hemoptysis should involve careful coordination 
between physicians of several specialties. The specific 
diagnostic and management algorithms are dependent on 
the physicians’ expertise and familiarity with the various 
treatment modalities as well as institutional capabilities. 
In patients experiencing life-threatening bleeding, early 
mobilization of resources and timely engagement of 
interventional radiology, pulmonology, and thoracic surgery 
consultations may improve morbidity and mortality. After 
medical stabilization, patients should undergo MDCT and 
subsequent consideration for BAE or surgical intervention. 
A proposed algorithm highlighting the key concepts is 
above (Figure 7). 

Life-Threatening Hemoptysis

Airway management
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Conclusions

Life-threatening hemoptysis carries high morbidity and 
mortality. The causes of hemoptysis are diverse, and the 
prevalence of various etiologies has shifted as medical 
therapies have advanced. Bronchoscopy brings a wide 
array of techniques to bear and can provide an important 
stabilizing measure. BAE is a first-line treatment at many 
institutions, but surgical intervention may play a role in 
select cases. The optimal strategy must employ a multi-
disciplinary approach for diagnosis and management.
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