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Introduction

Hemoptysis refers to the expectoration of blood, originating
from the lower respiratory tract. It is an alarming symptom
for patients and is challenging to diagnose and treat. Imaging
is essential to identify the cause and site of hemoptysis,
which could be parenchymal, airway related, or vascular. The

pulmonary arteries and bronchial arteries (BAs) constitute
the dual arterial system of the lungs, of which pulmonary
arteries contribute to 90% of arterial supply.1 However, BAs
are responsible for hemoptysis in more than 90% of cases.2

Based on geographical location, the causes of hemoptysis can
be variable and it can also turn fatal if left untreated.
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Abstract The recommendations from the Society of Chest Imaging and Interventions expert
group comprehensively cover all the aspects of management of hemoptysis, highlight-
ing the role of diagnostic and interventional radiology. The diversity existing in
etiopathology, imaging findings, and management of hemoptysis has been addressed.
The management algorithm recommends the options for effective treatment while
minimizing the chances of recurrence, based on the best evidence available and
opinion from the experts.
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In 2020, the American College of Radiology (ACR) updated
its guidelines for diagnostic and treatment strategies for
hemoptysis.3 In 2020, the Cardiovascular and Interventional
Radiological Society of Europe published standard of practice
guidelines on BA embolization (BAE).1 Kaufman and Kwan
reviewed the literature on BAE in seminars in interventional
radiology (IR).4Hemoptysis is a relatively common symptom
accounting for a significant portion of pulmonary clinic
outpatient visits (6.8%) and inpatients’ admissions (11%) as
well as thoracic surgery referrals (38%).5 We propose guide-
lines from the Society of Chest Imaging and Interventions
(SCII) based on the updated literature and the opinions of the
experts taking cognizance of issues, especially in tuberculo-
sis (TB) endemic regions.

Methods

The mandate of formulating the SCII guidelines for manage-
ment of hemoptysis was given to two experts in the field,
who subsequently formed a committee of experts from
multiple institutions across India. After initial brainstorm-
ing, questions were framed. All relevant literature was
reviewed in various aspects including clinical presentation,
etiopathology, clinical evaluation, imaging, bronchoscopy,
options of management, IR, and follow-up. The scope for
future studies was also considered.

The committee members were asked to work on specific
sections of life-threatening hemoptysis. The key compo-
nents of the guidelines were statements in response to
pertinent questions in the evaluation and management of
life-threatening hemoptysis. The level of evidence used
were as per the 2020 American Heart Association Guide-
lines for Cardiopulmonary Resuscitation and Emergency
Cardiovascular Care (UpToDate grading guide).6 The
article was completed after several online discussions and
revisions.

1. Clinical Presentation and Severity Assessment
Hemoptysis was previously classified as mild, moderate, and
massive predominantly based on the volume of the blood
expectorated. However, volume alone cannot be used to
assess the severity.5,7,8

IA. Why is it important to define life-threatening
hemoptysis?
The definition of life-threatening hemoptysis shows wide
variation across literature due to a lack of generalized
consensus.8 (level B-NR)

Remarks:
Conventionally, massive hemoptysis was defined by the

volume of blood expectorated.1 Criteria based purely on the
volume of blood cannot be precisely used since quantifying
the amount of expectorated blood is challenging. Addition-
ally, small amounts of hemoptysis in patients with the
underlying cardiorespiratory disease may be enough to
endanger life, particularly if expectorated blood obstructs
a major airway or there is very little residual functional lung
tissue.5,7,8

1B. What is life-threatening hemoptysis?
Life-threatening hemoptysis may be defined as any hemop-
tysis that is>150mL in volume in 24 hours or hemoptysis at
a rate of 100mL/h, and hemoptysis that causes airway
obstruction/respiratory failure/hemodynamic instability re-
quiring blood transfusions.5,7–9 (Level A)

Remarks:
Non-life-threatening hemoptysis is defined as the he-

moptysis that does satisfy the above criteria. Non-life-threat-
ening hemoptysis can also be divided into streaky and non-
streaky hemoptysis.5,7,8 This article will mainly deal with
life-threatening and non-streaky hemoptysis.

Life-threateninghemoptysis is rare, accounting for 4.8 to14%
of the patients who present with hemoptysis.5 Life-threatening
hemoptysis is a respiratory emergency, associated with a high
mortality rate of 50 to 100%. Patient dies because of asphyxia-
tion and not exsanguination. However, when optimal diagnosis
and treatment are provided, mortality is less than 20%.1

1C. What is pseudohemoptysis?
Pseudohemoptysis is the one which may be mistaken for
hemoptysis, wherein the source of hemorrhage is other than
the lungs, like the upper gastrointestinal tract or the upper
respiratory tract (mouth, nose, or throat).1 (Level B -NR)

Remarks:
Careful history and inspection of the nasopharynx can

mostly determine whether the bleeding originates from the
respiratory tract (alkaline, bright red, foamyblood, breathing
difficulty, the sensation of warmth in the thorax) or the
gastrointestinal tract (hematinized blood, acidic pH, food
particles, abdominal pain, nausea).1

2. Etiology and Pathology

2A. What is the most common cause of hemoptysis?
The causes of hemoptysis are variable depending on geo-
graphical locations, patient risk factors, and age.8,10–12 (level
B- NR)

TB is the most common cause of hemoptysis in India and
other TB endemic countries.

Remarks:
Hemoptysis can result from several causes. In TB endemic

regions, the most common cause of hemoptysis is TB,
accounting for 65 to 79% of cases.10–12 This includes active
tuberculous infection, chronic sequelae, bronchiectasis, and
superadded infection with underlying TB sequelae.

In developed countries, few studies have mentioned
bronchial neoplasms (primary and secondary) (19–28%)
as the most common cause, while other studies have
mentioned bronchiectasis (31–57%) as the most common
cause.8,13–15 The other less common etiologies include
fungal infection, non-tubercular mycobacterial infection,
chronic lung disease, vascular lesions like pulmonary
arteriovenous malformations (AVMs), vasculitis, trauma,
and iatrogenic. In some cases, the diagnosis remains
cryptogenic.

The pathophysiology for the bleeding includes chronic
inflammation, hypoxia-induced neoangiogenesis, and fragile
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vessel formation. There may also be direct injury or invasion
of the blood vessel by tumor or infection.

The source of hemoptysis can be the airway, parenchyma,
or vessels.16 The airway sources include bronchiectasis, neo-
plasms, bronchitis, foreign body, etc. Parenchymal causes
include infections (TB, fungal, and other pneumonias). Vas-
cular causes include pulmonary AVMs, Rasmussen’s aneu-
rysm, bronchopulmonary fistula, vasculitis, etc.

2B. Which is the most common vascular source of
hemoptysis?
The bronchial arterial system is the source of hemoptysis in
most cases.1,17 (Level B-NR)

Remarks:
Pulmonary circulation is the main blood supply to the

lung and participates in oxygenation while bronchial circu-
lation is the main “nutrient” supply to the lung and adjacent
structure. In most cases, the source of hemoptysis is BAs
(90%) followed by nonbronchial systemic arteries or collat-
erals (NBSAs or NBCAs) (5%) and pulmonary arteries
(5%).1,17

In cases of chronic inflammation and hypoxia, BAs and/or
NBSAs hypertrophy to supply that part of the lung paren-
chyma. Since these are under systemic arterial pressure, they
can spontaneously rupture and lead to hemoptysis. Less
commonly the pulmonary arteries are directly injured or
invaded by the inflammatory or neoplastic pathology and
can lead to hemoptysis.

3. Clinical Evaluation

3A. What is the role of history taking in a case of
hemoptysis?
A good history allows narrowing of the differential diagnosis
for the cause of hemoptysis and hence appropriate manage-
ment. (Level – C-EO)

Remarks:
The volume and frequency of hemoptysis, whether blood

is coughed upwith sputum or is frank blood should be asked.
In addition, symptoms such as fever, chills, and weight loss
would help discern an underlying infection. History of active
or recent pulmonary TB must be asked for in all cases.18

History of smoking must be asked for. Any history of
nonsteroidal anti-inflammatory agents, antiplatelet, and
anticoagulant usage is important.19 History of substance
abuse (especially injectables) would indicate possible
right-sided infective endocarditis.19

Systemic autoimmune and granulomatous disorders such
as rheumatoid arthritis, Goodpasture’s syndrome, and gran-
ulomatosis with polyangiitis must be ruled out by asking for a
history of joint pain, skin rash, hematuria, and epistaxis.18,19

3B. What are the important components of a bedside
clinical examination for a patient presenting with
hemoptysis?
A well-directed physical examination builds upon the
information gathered from the history to segregate
patients who require emergent embolization from those

for whom it can be done early on a nonemergent basis.
(Level C-EO)

Remarks:
Assessment of the patient, whether he/she is in respira-

tory distress (having tachypnea, cyanosis, struggling to
speak, disoriented, and using accessory muscles of respira-
tion) or is comfortable during the examination is essential.
The severity of anemia needs to be evaluated. The sputum if
present must be assessed for color (white vs. yellow) and
amount of blood (tinge of hemorrhage vs. mostly
bloody).18–20

Nose and upper aerodigestive tract examination can rule
out any local cause of bleeding from these sites. The presence
of telangiectasias in perioral location, tongue, or buccal
mucosa can suggest hereditary hemorrhagic telangiectasia
(HHT).19 Skin petechiae, ecchymosis, and bruising would
suggest an underlying coagulopathy. Skin rashes can indicate
vasculitis and systemic lupus erythematosus.18,19 Ausculta-
tion should focus on murmurs, wheeze, bruit, or bronchial
breathing.19,20 Presence of calf swellingwith associated signs
of deep venous thrombosis (calf tenderness and warmth)
would indicate venous thrombosis with likely pulmonary
embolism or infarction.18,20

3C: What are the important laboratory investigations
which should be done?
The lab investigations will depend on the clinical presenta-
tion including severity and associated symptoms. (Level
C-EO)

Remarks:
In life-threatening hemoptysis, one of themost important

blood investigations to be done is the blood cross-matching
and typing18–20 Since many of these patients require trans-
fusions of whole blood and blood products such as fresh
frozen plasma.

In addition complete blood count, prothrombin time
(with international normalized ratio), arterial blood gas
analysis (to assess and monitor hypoxemia and acidosis),
serum electrolytes, and kidney function tests should
be sent for.18–20 The latter are especially important to
assess the degree of hypovolemic prerenal azotemia
and as a prerequisite for the patient to undergo a contrast
study such as computed tomography (CT) angiography
(CTA) and/or digital subtraction angiography (DSA) in due
course.

Sputumculture andgram staining are important to look for
the etiology of infection.18,19 Echocardiography should be
done if a valvular, cardiac, or pulmonary arterial cause is
suspected.18,19 Specific tests to rule out autoimmune diseases
are to be considered in the appropriate clinical scenario.18–20

4. Imaging Evaluation

4A. What are the various imaging modalities that can be
used for the evaluation of hemoptysis?
Chest radiography (CXR), bronchoscopy, multidetector
CT (MDCT), MDCT angiography (MDCTA), and DSA
can be used for hemoptysis evaluation.21 (Level A).
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Remarks:
The CXR is a universally available basic modality, that

could be performed even bedside. CTA is a noninvasive
and useful imaging modality for hemoptysis which
allows the evaluation of the lung parenchyma, airways,
and thoracic vessels. In addition to identifying the vas-
cular source of bleeding, it can also detect the underlying
abnormalities like bronchiectasis, pulmonary infections,
lung cancer, etc.

CTA prior to embolization facilitates the identification of
hypertrophied BAs and NBSAs.

4B. Which imaging modality is best suited for evaluating
a vitally stable patient with hemoptysis and what is the
imaging protocol?
CTA is best suited for evaluating the cause and source of
bleeding. CT is rated as “usually appropriate” for both life-
threatening and non-life-threatening hemoptysis in the ACR
appropriateness criteria.21 (Level A)

Remarks:
CTA of the thorax can be carried out during a single

breath hold in most patients, by using a 16 and above
detector row scanners. A contrast-enhanced study is man-
datory for identifying pulmonary and systemic arterial
vessels. Image acquisition should extend from the inferior
portion of the neck to include the supra-aortic great vessels,
to the level of renal arteries, corresponding approximately
to the vertebral body of L2, to include the infra-diaphrag-
matic arteries. CT may be done without breath hold if
patient dyspneic.

Another advantage of CT is it may indicate comfort of
patient in supine position to plan angiography/embolization.
If patient is not able to lie supine, angiographymayhave to be
done with patient in other position. For example, oblique
position.

Combined protocols (for pulmonary and systemic
circulation):

It is possible to obtain opacification of both aortic and
pulmonary systems in a single acquisition to allow simulta-
neous evaluation without additional exposure to multiple
scans. This is achieved by using split bolus techniques for
contrast administration or prolonged administration of
contrast.

The benefit of opacification of pulmonary vessels is
that in addition to detecting the pulmonary arterial
causes of hemoptysis (like pseudoaneurysms), the dilat-
ed pulmonary arterial or venous branches (correspond-
ing to areas of shunting) can also be well seen, aiding in
the exact localization of bleeding.22,23 In case of an
emergency or contraindication to contrast, noncontrast
CT chest with high-resolution (HRCT) reconstruction can
be done. Routine contrast-enhanced CT (CECT) chest
should be avoided. The use of reconstructions allows
easy differentiations between pulmonary arteries, veins,
and systemic arteries.

Protocol for biphasic contrast injection (split-bolus) with
added modifications24:

The above imaging guidelines are desirable for cases with
hemoptysis; however, if the equipment is unavailable then
the best imaging protocol should be selected from what is
available, aiming to achieve good opacification of the sys-
temic as well pulmonary arteries.

4C. What are the different imaging findings that need to
be looked for in cases with hemoptysis?
Imaging findings aid in localizing the site of the bleed,
ascertaining causes, and identifying abnormal vessels.

Remarks:
CXR: CXR can help in localizing the side of bleeding and

can help identify focal or diffuse lung involvement. However,
the sensitivity of CXR is low.1

Non-CECT/HRCT: Blood in the alveoli manifests as
ground-glass opacity or consolidationwhich can be regarded
as areas of parenchymal hemorrhage in patients presenting
with hemoptysis. In subacute hemorrhage, septal lines may
also be present asmacrophages enter the area andmigrate to
lymphatic vessels in the interlobular septa to remove the
blood products.

CT may detect blood products in large or small airways.
Blood products in the bronchial tree may manifest as detect-
able filling defects. In larger airways, these filling defects
show higher attenuation (> 40 HU), which allows them to be
distinguished from mucus. Obstruction of larger airways
with blood products may result in atelectasis.24

Blood in distal airways manifests as centrilobular nodules
with a tree-in-bud appearance.

A diffuse pattern of pulmonary parenchymal hemorrhage
is suggestive of a systemic process, and patients with this
pattern are typically poor candidates for targeted
interventions.

In contrast, focalfindings of parenchymal hemorrhage can
be used to localize bleeding to a specific lesion or vascular
territory. Both parenchymal and aspirated blood can be
nodular, but findings of smaller well-defined clustered
tree-in-bud centrilobular nodules favor aspiration from a

Slice thickness for
reconstruction:

� 1.5mm

kVp: Dual energy (80 kVp and 140 kVp)
(if available)

mAs: Automated tube current modulation

Rate of contrast
injection
(if available):

3/4th contrast at 5 mL/s
1/4th contrast at 3 mL/s
Saline chase at 3 mL/s

ROI position: Ascending aorta

Threshold HU: 100 HU

Time delay/phase
of acquisition:

5 s after bolus trigger time

Reconstruction: Axial image reconstruction at
1.5mm slice thickness and increment
of 1.2mm at standard mediastinal
and lung windows
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proximal source, whereas regional or diffuse centrilobular
ground-glass opacities are more suggestive of parenchymal
bleeding.1 The severity of hemoptysis may not be propor-
tional to the extent of abnormality detected on imaging.
Underlying lesions in the lungs, like bronchiectasis, cavities,
active infection, or malignancy, should be looked for.

CECT/CTA

Preprocedure evaluationwith CTA not only helps in reducing
the procedure time which is essential during the treatment
of unstable patients but also reduces the contrast load and
fluoroscopy radiation dose for patients and operators.1 Dur-
ing the evaluation, the IR team should look for the possible
cause of bleeding and localize the site of hemorrhage within
the lung parenchyma at plain CT. Contrast images should be
reviewed carefullywhichmay reveal the following findings1:

1. Hypertrophic tortuous BAs (diameter> 2.0mm) or
NBSAs/NBSCs. NBSAs including intercostal arteries,
branches of internal mammary arteries, inferior phrenic
arteries, other subclavian branches like costocervical and
thoracodorsal arteries should also be looked for.

2. Neovascularization or peribronchial hypervascularity.
3. Contrast extravasation.
4. BA aneurysm/pseudoaneurysm.
5. Pleural thickening > 3mm adjacent to a parenchymal

abnormality with dilated non-BA
6. Pulmonary artery aneurysms (PAAs) and AVMs.
7. Systemic to pulmonary vasculature shunting (SPS), espe-

cially in multicentric parenchymal lung disease. These
shunts can be from BAs or NBSAs/NBSCs to the pulmonary
artery (more frequently) or vein. Imaging signs include:

(a) Nontapering pulmonary artery sign.
(b) Clustering of vessels sign.
(c) Significant differential attenuation sign (> 25 HU differ-

ence in attenuation between segmental pulmonary ar-
teries of shunting side andnormal nonshunting side).1,24

DSA: It is now done only as part of endovascular
treatment.

4D. What are the potential pulmonary arterial
abnormalities that need to be looked for on CT in patients
with hemoptysis?
The pulmonary arterial abnormalities that need to be evalu-
ated include aneurysms and AVMs.25,26

Remarks:
PAAs are rare and can be congenital or acquired. Pseu-

doaneurysms can occur in association with lung abscesses,
septic emboli, bronchiectasis, lung neoplasms, after trauma
from Swan-Ganz catheter placement, chronic cavitary TB
(Rasmussen’s aneurysm), and fungal infection (in immune-
suppressed conditions like diabetes).27,28 Rasmussen aneu-
rysm is a specific entity secondary to TB, which is less
common than initially thought.29–31 With the recent coro-
navirus disease 2019 (COVID-19) epidemic, fungal PAAs
were reported.32,33 Other rare causes with underlying vas-

cular abnormalities are Marfan’s syndrome, Ehlers–Danlos
disease, and Behçet’s disease.34 The pulmonary AVMsmay be
isolated or syndromic like HHT.35

5. Bronchoscopy

5A. What is the scope for using bronchoscopy in the
management of hemoptysis?
Bronchoscopy can be used for lateralization of bleeding, clot
extraction, direct instillation of medications and cold saline
solution for hemorrhage, balloon tamponade, ablation of
hemorrhagic arteries, and for selective intubation to main-
tain airway patency.2,9 (Level A).

For detailed information, kindly refer to relevant articles
on bronchoscopy as the topic is beyond the scope of current
recommendations.

Remarks: In unstable patients, where transfer is unsafe
and intubation and lung isolation are of the utmost impor-
tance, flexible bronchoscopy (FB) is the procedure of choice
and can be performed at the bedside.1 FB can also be used to
collect samples for cytology and microbiology. However,
rigid bronchoscopy is more effective; provides quick evacu-
ation of large obstructing blood clots and superior airway
stabilization, but requires an operating room and general
anaesthesia, and does not visualize the distal airways.21

5B. What is the best timing for bronchoscopic evaluation
for hemoptysis?
The source of active bleeding is most likely to be located
when bronchoscopy is performed during active hemoptysis
(in 73–93% of cases) or within 24 to 48hours of cessation.36

(Level B-NR)

5C. What is the role of rigid bronchoscopy and flexible
fiberoptic bronchoscopy (FFB) in the treatment of life-
threatening hemoptysis?

Remarks:
FFB is frequently used due to its easier availability, ease of

procedure, and no requirement of general anesthesia. FFB is
employed routinely with rigid bronchoscopy being reserved
for specific situations. Rigid bronchoscopy is useful for secur-
ing airway patency and safeguarding ventilation, thereby
preventing asphyxia. It also helps in better suction of blood
clots and secretions through its large working channel and
improvedvisualizationof theairways. It alsoprovides effective
tamponade of accessible bleeding sites and allows isolation of
the nonaffected lung. Also, bronchial blocking is easier to
perform through the wider lumen of a rigid bronchoscope.
In endoluminal lesions, central or peripheral, within the reach
of the rigid scope, local coagulation therapy (laser, electrocau-
tery, argon plasma coagulation) can also be done.37

6. Overall Management Options

6A. What should be the initial management of
hemoptysis?
The initial management of hemoptysis depends upon the
severity of hemoptysis. For life-threatening hemoptysis,
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management starts with airway management, hemodynam-
ic stabilization, and then control of the source of bleeding.
For non-life-threatening hemoptysis, management begins
with the evaluation of etiology and its treatment.16,38,39

(Level B-NR)
Remarks:
Life-threatening hemoptysis is associated with high mor-

tality rates as already described in question 1B. Hemoptysis
management is multidisciplinary and involves pulmonolo-
gists, interventional radiologists, intensivists, and thoracic
surgeons.

Airway management is the first step in preventing the
aspiration of blood into the normal side of the airways and
lungs. If the hemoptysis side is known, the involved side is to
be placed in the dependent position. For persistent hemop-
tysis, various methods to isolate the diseased lung include
selective bronchial intubation, bronchial blocker using bal-
loon tamponade, and double-lumen endotracheal
intubation.16,39,40

The hemodynamic stabilization runs parallel to airway
management and includes volume replacement and blood
transfusion (including fresh frozen plasma or platelets).
Stoppage of any anticoagulant/antiplatelet drugs and rever-
sal agents if available. Some studies suggest the use of
intravenous tranexamic acids as well.39

6B. What should be the definitive management of
hemoptysis after initial stabilization?
Further management of hemoptysis depends upon the
source of bleeding including vascular embolization, bron-
choscopic management, and surgery.9,16,39,40 (Level A)

Remarks:
Vascular embolization
BAE is the mainstay of treatment for the vascular and

parenchymal sources of bleeding. It consists of embolization
of hypertrophied and abnormal BAs and/or NBSAs supplying
the diseased airway or lung parenchyma. Pulmonary artery
embolization is sometimes needed if the source of bleeding is
pulmonary artery branches.

Bronchoscopic management
Bronchoscopic management of hemoptysis is useful if

bleeding is from the airways as discussed in question 5.
Surgical management
Surgery is useful for young patients with localized

disease involving a single lobe or less (like in a case of
single aspergilloma or localized bronchiectasis) and pro-
vides the definitive treatment. BAE and bronchoscopy may
be useful in these patients as bridge therapy if patients
present with life-threatening hemoptysis. Preoperative em-
bolization may be useful to reduce blood loss in cases of
aspergilloma surgery.40

Surgery is unlikely to be useful in diffuse disease, because
of associated highmorbidity andmortality, especially in case
of emergency surgery. Themortality ranges from 20 to 40% if
surgery is performed during active hemoptysis and 10 to 18%
when performed electively.16,38,39 Postsurgery, morbidity
ranges from 18 to 30%.16,38,39

7. Interventional Radiology Management

7A. When should the bronchial artery embolization
procedure be scheduled?
BAE is recommended in life-threatening/massive hemopty-
sis after initial stabilization of patients. (Level A)

It is recommended that even in patients with non-
massive (non-life-threatening) hemoptysis, and CTA
showing hypertrophied arteries, embolization should
be performed early. This will result in a shortening of
hospital stay and the subsequent recurrence rates as well.
(Level A)

Remarks:
The need for an emergent embolization in life-threate-

ning/massive hemoptysis is clear.
However, in cases of nonmassive hemoptysis, it is debat-

ablewhether embolization should be performed early (with-
in 24 hours) or can be delayed and confined to cases that have
a failure of medical therapy. Recent studies have demon-
strated that early embolization is beneficial as it not only
reduces the hospital stay but also lessens the likelihood of
recurrence.9,41 The possible explanation for higher recur-
rence rates in patients with delayed embolization is that
hemostatic agents used for conservative medical therapy
induce clot formation in the bleeding small vessels or shunts.
Hence, when an angiogram is performed subsequently, these
arteries are likely to be missed. The clot formed being
temporary (vs. embolization agent) recanalizes, resulting
in earlier recurrence.

7B. Should BAE be performed in active infections?
It is recommended to perform BAE in life-threatening he-
moptysis and/or when initial medical management fails to
control hemoptysis. (Level C-LD)

Remarks:
Active TB is one of the most common causes of hemopty-

sis. Hemoptysis can also be encountered in bacterial/fungal
infections.42,43 In active infections, themain source of bleed-
ing is peripheral small vessels and abnormal BAs that are not
significantly hypertrophied. In life-threatening/persistent
hemoptysis even these normal-sized BAs leading to abnor-
mal lung can be embolized.

7C. How is the BAE procedure performed?
BAE is an established, safe, and effective procedure for the
control of hemoptysis.

A. What are the access routes?

The transfemoral route is recommended for access to BAs.
Femoral access is secured by 5F/6F short sheath (11 cm), or a
long sheath (45 cm) can be used in the case of tortuous iliac
arteries and abdominal aorta. (Level B-NR)

Transradial access may be used in cases of difficult can-
nulation of NBSAs or ectopic arteries, arising from subclavian
branches. (Level C-LD)

Remarks: Transfemoral access was used for access while
performing BAE by most authors in the literature review.10
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Few cases are described wherein axillary artery,44 trans-
brachial artery,43 and radial artery45 are used. Radial access
should be reserved for systemic collaterals and ectopic BAs
arising from subclavian arteries and their branches with
difficult access via the femoral route. In patients with tortu-
ous or atherosclerotic iliac arteries and aorta, radial access is
an acceptable route. Brachial arterial access may be consid-
ered in cases of small caliber radial artery or failed access of
radial artery.

B. What Diagnostic angiograms should be performed and
what catheters should be used?

Flush aortogram: Flush aortogram is reserved for cases in
which the CTA is not done prior to the procedure (pregnancy,
life-threatening bleed when patient is directly taken up for
procedure).

Remarks: Preprocedure CTA is used for mapping the
abnormal orthoptic/ectopic BAs and NBSAs and it obviates
the need for performing the flush aortogram. For improved
assessment of the hypertrophied vessels, an optimized CTA
using the split bolus protocol described earlier can be
performed.22,23

Selective catheterization: After identification of abnormal
BAs or nonsystemic bronchial collaterals, selective catheter-
ization of these vessels is performed using a 4F/5F end-hole
diagnostic catheter.

Choice of diagnostic catheters:
• 5Fr RDC/Shepherd’s hook or Cobra catheter are routinely
used to access BAs.

• 4/5Fr RC 1/Sim1 may also be used.
• 5Fr Picard/4Fr Vert catheters are used for accessing the
NBSCs from subclavian arteries.

After careful control of the diagnostic catheter at the
ostium of BA, selective angiogram is performed with hand
injection (2–3mL/s).17,46

Superselective catheterization: A hydrophilic low-profile
2.7 to 2.9 Fr.Microcatheter (MC),with an internal diameter of
0.0165 to 0.027 inches is preferred for super selective
catheterization. The MC should be advanced within the
culprit artery beyond any nontarget branch but not too far
to prevent occlusion at the tip. (Level B-NR)

Remarks:
Superselective catheterization enables bypassing of

spinal arteries/radiculomedullary branches and catheteri-
zation of smaller, more distal, and torturous arteries;
thereby providing better overall hemoptysis control
and lesser risk of complications.17,43,47,48 In case of non-
accessibility of shunt or pseudoaneurysm located distally
due to tortuous anatomy by MC, proximal particle embo-
lization may achieve occlusion of these shunts or
pseudoaneurysm.

An absolute contraindication to embolization is a demon-
stration of abnormal communication with spinal arteries,
coronary arteries, or vertebral arteries. For prevention of
nontarget embolization to radiculomedullary branches, the
catheter tip should be positioned beyond the pedicle and a
large particle size>700 µm should be used. Spinal arterial
supply does not originate directly from the BA but can

originate from the intercostal portion of an intercostobron-
chial artery.49

C. What is the choice of embolizing agents?

Polyvinyl alcohol (PVA) particles are the preferred agent
for embolization. (Level B-NR)

Glue (n-butyl-2-cyanoacrylate [NBCA]) is less preferred;
however, it is the choice of agent when encountering a large
tortuous BA with rapid forward flow (e.g., in cases of bron-
chiectasis) or in case of recurrent bleed with recanalization.
Gelfoam, microcoils, and Embospheres are other agents that
can be used in selective cases. EVOH- based embolizing
agents (Onyx) should be used in cases of refractory massive
hemoptysis where conventional particle embolization has
failed.50

D. What is the technique for injecting PVA?

Under fluoroscopic guidance, gradual injection of the PVA
particles mixed with iodinated water-soluble contrast
should be performed using roadmap to ensure continuous
forward flow and identify any early reflux. Careful injection
of the embolizing material should be done in a pulsatile
manner and flushing of the residual material using saline
injections should be done. Stasis or reflux of injected par-
ticles indicates the endpoint for embolization. (Level C-EO)

7D.What polyvinyl alcohol particle size should be used? Is
there any indication for Embospheres?
The appropriate size of PVA particle for BAE is 330 to 500 µm.
Large-size particles>700 µm are used when large pulmo-
nary arterial or venous shunts are present. (Level B-NR)

Remarks: The most used particle size of PVA is 220 to
550µm in size.10,46,51,52 Size less than 300 µm may cause
nontarget embolization and occlude regular blood supply of
the bronchi, esophagus, and vasa vasorum of the pulmonary
artery or aorta with increased risk of excessive tissue ische-
mia and necrosis.53 The presence of spinal cord feeders
arising from the BA also seems to be less critical when using
larger sized (700–900 µm) particles.52,54 However, large size
particles may occlude the index artery more proximally and
which could lead to recurrent hemoptysis from systemic
collaterals.

Microsphere particles are more uniform in size and in
penetration characteristics than PVA, and their smooth hydro-
philic coated surface is less prone to clumping within cathe-
ters. Any calibrated microsphere particles (300–900µm) can
be used.10,55 The cost, however, is the limiting factor.

7E. Is there any role of gel foam even in low resource
settings?
Small quantities of gelatin in the form of a pledget or thick
slurry can be placed after particulate agents to complete the
embolization, but its use as a sole agent is not recom-
mended.56,57 (Level C-LD)

7F. Is there any role of glue?
Glue (NBCA) can be used when encountered with large
tortuous BA with rapid forward flow (e.g., in cases of
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bronchiectasis) or in case of recurrent bleeding with recan-
alization. (Level B-NR)

Remarks: In experienced hands, glue has shown a better
hemoptysis control rate than PVA.47,56 Typically, 1:2 to 1:4
NBCA to lipiodol dilution should be used.47 NBCA is not
recommended for the treatment of hemoptysis until the
operator has gained significant familiarity with its behavior
as forward passage into the pulmonary tree is the real risk.

7G. Is there any role of coils as embolic agents?
Coil embolization is reserved in cases of BA pseudoaneur-
ysms and for embolization of large systemic artery-to-pul-
monary artery shunts. (Level C-LD)

Remarks: Coil embolizationwould prevent future BAE for
recurrent hemoptysis due to proximal embolization and the
development of challenging collateral vessels.58,59

However, high-packing-density coil deployment, using
hydrogel-polymer-coated or high thrombogenic coils may
be still used in recurrent hemoptysis 60 to protect spinal
supply61 and distal circulation, to occlude actively bleeding
vessels as in pseudoaneurysms, or to occlude largebronchial-
to-pulmonary shunts.17,43

7H. In the case of multiple arteries, which arteries should
be embolized?
We recommend all abnormal arteries should be embolized in
descending order of severity until the maximum contrast
limit is reached. (Level B-NR)

Remarks: The remaining arteries can be embolized in
subsequent sessions. Assessment for prioritizing abnormal
arteries can be done on size, identification of SPS, and side
of bleed in cases of bilateral disease. It is safe to use 1.5 to
2mL/kg contrast; may extend up to 3ml/kg. The number of
arteries to be embolized is limited by contrast dosage and
fluoroscopy time. There is no evidence of a direct correla-
tion between post-embolization syndrome and the number
of arteries embolized. No single radiology society guideline
could be found on the maximum volume of contrast that
can be administered in a single examination or on a single
day. However, a bodyweight-based upper dose limit is
desirable which can be considered 3mL/kg in adults and
older children; and 1.5 to 2mL/kg in neonates and
infants.62,63

7I. What should be the management in cases of
pulmonary source of bleed?
The pulmonary source of bleed should be treated by emboli-
zation. (Level C-LD)

Remarks: The pulmonary artery accounts for 5% of cases
of hemoptysis of which pulmonary artery pseudoaneurysm
or arteriopathy accounts for the majority of cases. Mechani-
cal embolizing agents (coils/plugs) are the commonly used
material for the embolization of diseased pulmonary arter-
ies. Pulmonary angiogram is performed when there is evi-
dence of a possible source of bleeding on CTA. The indication
for these can be demonstration of pseudoaneurysm/aneur-
ysm on CTA, or in case of recurrent or uncontrolled
hemoptysis.43,44

7J. What are the recommendations in special situations
such as:

(1) Hemoptysis in patients with major aortopulmonary
collaterals arteries (MAPCAs) with additional pulmo-
nary pathology—TB, sequelae, and bronchiectasis?

Nonessential communicating MAPCAs supplying diseased
segments can be embolized. (Level C-LD)

Remarks:
MAPCAs represent nonregressed systemic-to-pulmonary

embryologic connections from the aorta or its branches to
the pulmonary arterial vasculature. MAPCAs augment pul-
monary flow in cardiac lesionswith compromised antegrade
pulmonary arterial blood flow, such as pulmonary atresia
with ventricular septal defect, tetralogy of Fallot, and other
cardiac diseases. CommunicatingMAPCAs (i. e., nonessential
MAPCAs) terminate by forming an anastomosis with distal
pulmonary arteries. NoncommunicatingMAPCAs (i.e., essen-
tial MAPCAs) form the sole blood supply to the lung segment
in the absence of a native pulmonary artery blood supply.64

Communicating MAPCAs supplying abnormal lung seg-
ments/dilated bronchi can be embolized with due caution.

(2) What should be the option in patients of hemoptysis
with pulmonary artery narrowing?

Hypertrophied BAs can be cautiously embolized in cases
of pulmonary artery narrowing in life-threatening hemop-
tysis. (Level C-LD)

Remarks: The main concern in such a situation is the
development of pulmonary infarct. Hence, precise preproce-
dure evaluation for localizing the site of bleed and culprit
artery by bronchoscopy and CTA is advised followed by super-
selective embolization of the culprit arterial branches.65,66 In
the case of dual supply, it is safe to embolize, otherwise partial
embolization can be done as a life-saving measure.

7K. What are the common complications?
Immediate procedure-related complications that may occur
are subintimal dissection or perforation of the BA, or non-
target embolization such as spinal cord infarction, myocar-
dial infarction, bronchial infarction, and stroke. (Level B-NR)

Remarks:
Major complications of the BAE procedure reported in

literature (in varying incidences) include spinal cord infarc-
tion (0.2–6.5%), myocardial infarction, bronchial infarction,
esophagobronchial fistula, and stroke.10,67 Minor complica-
tions include post-embolization syndrome (pain, fever, leu-
kocytosis [1.7–31%]), transient chest pain (in up to 91%), and
dysphagia, both usually self-limiting, but symptomsmay last
for up to 2 weeks.1

8. Outcomes and Follow-Up

8A What are the predictors of poor prognosis in patients
with life-threatening hemoptysis?
Poor prognostic factors in patients are bilateral or diffuse
pulmonary pathology, malignancy especially if advanced,
need for mechanical ventilation, especially in single lung,
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pulmonary artery as the source of hemorrhage, hypotension,
aspergilloma, chronic alcohol intake, aspiration of blood into
the opposite lung, and poor performance status.68,69 (Level
B-NR)

Remarks:
Patients presenting with life-threatening hemoptysis

have a poor prognosis with 7 to 30% of them succumbing
to hemoptysis.68,69

8B. How is the outcome of BAE measured?
The outcome of BAE is measured in terms of technical and
clinical success. The immediate technical success varies from
81 to 100%. The immediate clinical success of embolization is
in ranges from70 to 99% whereas the recurrence rate of
hemoptysis ranges from 9.8 to 57.5%.43,70,71 (Level B-NR)

Remarks:
Technical success is defined as success in cannulating and

embolizing all abnormal BAs and NBSAs. The main reasons
for technical failure include patient-related factors such as
noncooperation or condition not permitting BAE, tortuous
course, spasm dissection, ostial stenosis, and acute angula-
tion of culprit artery.43,70,71

Clinical success of BAE can be measured in terms of (1)
immediate clinical success, (2) recurrence rates of hemopty-
sis, and (3) long-term hemoptysis control.

Complete remission or significant decrease in hemoptysis
within 24hours of BAE or within the same admission period
is considered an immediate clinical success.10

Hemoptysis which recurs after discharge and requires
either medical management, hospital admission, or repeat
intervention is termed recurrence. Recurrences can be early
if hemoptysis occurs within 2 weeks to 3 months post-
embolization and late if occurring after 3 months. The
recurrence rate tends to increase as time progresses. The
median time forhemoptysis recurrencevaries from6months
to 1 year.10

8C. What are the factors associated with early and late
recurrence after BAE and how is the recurrence of
hemoptysis managed?
Factors associated with early and late recurrence are differ-
ent. Early recurrences are usually related to incomplete
embolization. Late recurrences may be caused by recanali-
zation of arteries which were embolized earlier or due to the
progression of underlying disease. Repeating BAE helps in
hemoptysis control in both early and late recurrence.10,71–74

(Level B-NR)
Remarks: The technical factor associated with early re-

currence is incomplete embolization as all culprit arteries
were not searched for or embolized in the first session,
including nonbronchial systemic vessels.

Higher late recurrence rates are seen in patients with
aspergillomas, active TB, reactivation TB, and multidrug-
resistant TB.5,48,73,74 Other risk factors include lung cancer,
cystic fibrosis, idiopathic bronchiectasis, and diabetes melli-
tus.5 Patients with persistent or recurrent hemoptysis de-
spite maximum medical management and multiple repeat
embolization sessions will need surgery.10,70

8D. What are the imaging features associated with the
likelihood of recurrence?

Remarks:
Presence of cavitation, necrosis or aspergilloma on imag-

ing, lung densities which involve two or more quadrants on
chest radiograph, presence of bronchopulmonary shunts,
and NBCAs are imaging features associated with higher
recurrence rates. No significant association between pleural
thickening and recurrence is seen.10,68,69,71,73

8E. How are the patients of hemoptysis followed up after
BAE?
Patients are followed up in the intervention clinic after BAE.
No data is available on the protocol of follow-up. (Level C-EO)

Remarks:
Typically, the first visit is planned after a week. Subsequent

visits are at 1, 3, 6, and12monthspost-BAE andyearly thereafter.
The need for imaging is determined by the underlying disease. If
there is no recurrence of hemoptysis, a chest radiograph may
suffice. Significant bleeding may require MDCTA.

8F. What are the factors affecting survival after BAE?
Early survival after BAE is affected by the completeness of
initial BAE; however, primary determinant of long-term sur-
vival is the underlying disease process itself.61 (Level B-NR)

Remarks:
BAE with appropriate planning targeting the BAs and

NBSAs is effective in controlling the life-threatening hemop-
tysis. In addition, the benign nature of the disease influences
a long-term survival.

Algorithm

Algorithm is provided in ►Fig. 1.

Fig. 1 Summary of the proposed workflow of hemoptysis patient
presenting to the hospital.
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Limitations

Among the patients who present with life-threatening he-
moptysis, there is significant diversity in the causes, the
pattern of involvement of BAs or other systemic collaterals,
and the natural history of the disease. Hemoptysis is often
episodic in nature. In addition, as a multipronged multidis-
ciplinary treatment is undertaken, it is difficult to assess the
outcome of BAE alone. What is perceived as successful BAE
with cessation of hemoptysis could in fact be due to sponta-
neous improvement or be related to other measures
undertaken.

An exact comparison of the outcomes between surgery
and BAE is not possible, due to the differences in the case
selection and principles of treatment. There is a lack of
“ideal” double-blinded case–control comparison studies in
this regard which may also not be feasible in the future.

Future Directives

Updates are needed in determining the major causes of
hemoptysis and the emerging role of chronic invasive fungal
infections needs to be addressed. Guidelines for treatment
options in specific disease entities that cause hemoptysis are
also a felt need. Although hemoptysis related to COVID
infection sequel is presumed to be transient as the epidemic
resolves, we need to be prepared in such situations as well.

Long-term follow-up of patients undergoing BAE and
strategies to maximize both short- and long-term outcomes
must be devised.

The role of artificial intelligence and machine learning in
the imaging evaluation of patients with hemoptysis and in
decision-making regarding treatment options is worth
exploring.

Conclusion

Life-threatening hemoptysis as the name indicates can po-
tentially have a grave prognosis due to airway obstruction
and asphyxia or cardiovascular collapse, if not promptly
treated. The causes of hemoptysis can be varied. BAs and
NBSAs are more often the culprit vessels, rather than pulmo-
nary arteries.

Hemoptysismanagement needs amultidisciplinary team,
targeting airway management, hemodynamic stabilization,
identifying the source of bleeding, and control of the
bleeding.

CTA where both pulmonary and systemic arteries are
together evaluated plays a vital role in assessing the cause
of hemoptysis and planning IR treatment.

Emergency BAE, preferably with PVA particles has a clear-
cut role in managing life-threatening hemoptysis, while its
role in non-life-threatening hemoptysis is emerging.

There is a need to study the strategies to optimize both
short- and long-term outcomes in patients undergoing BAE.
Artificial intelligence and machine learning may also play a
role in the future.
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