®

Check for
updates

Massive Hemoptysis
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Key Points

With massive hemoptysis, death is usually caused
by asphyxiation rather than by exsanguination.
Urgent management focuses on the prevention of
asphyxia while the source of bleeding is addressed.
Endobronchial and/or angiographic control are usu-
ally possible.

Bronchial artery embolization (BAE) is now the
treatment of choice.

There is now less indication for surgery, and surgi-
cal results are better in stabilized, “elective,” non-
bleeding patient.

Pulmonary artery injury is rare but associated with
high mortality and is curable with BAE.

Introduction

the definitions. They range from 100 to 1000 mL/24 h [2-4].
By consensus (Table 44.1 and Fig. 44.1), MH is defined as a
rate of bleeding exceeding 600 mL/24 h, meaning 25 mL/h.
Only 1.5-5% of hemoptysis are really massive [1].
Exsanguinating hemoptysis is defined as a bleeding rate
exceeding 150 mL/h or blood loss over 1000 mL/24 h or over
300 mL during one expectoration [5].

Quantification of MH may be difficult, and from a clinical
point of view, such criteria are not useful. Based on the fact
that the anatomic dead space of the major tracheobronchial
tree is about 200 mL in most adults [6], other definitions
relying on the magnitude of the clinical effects have been
proposed. MH can be defined as the volume of expectorated
blood that is life-threatening mainly by virtue of airway
obstruction and rarely by blood loss.

Table 44.1 Definition of hemoptysis

Hemoptysis Massive Exsanguinating
One expectoration (mL) >300
mL by hour >25 >150
mL by 24 h >600 >1000

Massive hemoptysis (MH) is a medical emergency that
places the patient at risk of asphyxiation and death. Because
of the explosive clinical presentation of MH, it is essential to
respond quickly and appropriately. This is a potential lethal
condition that deserves to be investigated thoroughly and
brought under control promptly [1].

The definition of MH may vary depending of the publica-
tions. It is usually based on the volume of blood expecto-
rated. In the literature, we can find large variations between

J. S. Bussieres (P<)

Department of Anesthesiology, Institut Universitaire de
Cardiologie et de Pneumologie de Quebec — Université Laval,
Quebec City, QC, Canada

e-mail: jbuss @criucpq.ulaval.ca

M. Frenette

Department of Anesthesiology and Critical Care, Université Laval,
Quebec City, QC, Canada

© Springer Nature Switzerland AG 2019
P. Slinger (ed.), Principles and Practice of Anesthesia for Thoracic Surgery, https://doi.org/10.1007/978-3-030-00859-8_44

Fig. 44.1 Evaluation of the severity of hemoptysis. From left to right:
a tespoon =5 cc, a medicine cup = 60 cc, a kidney basin = 650 cc
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Massive hemoptysis compared to moderate or minor
hemoptysis represents a higher risk of mortality for the
patient. Published series on patients presenting massive
hemoptysis showed a mortality rate with medical manage-
ment varying from 12% to 50%. Mortality rate was greater
than 50% in patients not treated adequately [1].

Decision-making is a multidisciplinary process involving
a critical care physician, pulmonary medicine bronchosco-
pist, interventional radiologist, thoracic surgeon, and
anesthesiologist.

Historical Considerations

MH treatment was at first exclusively surgical. From the
1940s to the 1960s, different surgical approaches have been
used to control and treat MH. In 1973, Remy and colleagues
[7] changed management forever with the first report of
bronchial artery embolization. Hiebert in 1974 [8] described
the first successful use of a Fogarty balloon catheter through
a rigid bronchoscope to tamponade bleeding in a moribund
patient with massive bronchial hemorrhage. Subsequently,
the use of the bronchoscope progressively changed from a
rigid device to the flexible fiber-optic bronchoscopy (FOB).
More recently, the role of early bronchoscopy, mainly with a
FOB, is questioned since bronchial artery embolectomy
(BAE) is easy to perform and so effective.

Since the introduction of radiological embolization, there
are less frequent interventions by anesthesiologists for mas-
sive hemoptysis. With the rapid use of BAE, potentially mas-
sive hemoptysis is rapidly controlled, and there is less and
less need for surgical interventions (emergent, semi-
emergent, or elective post treatment), and therefore there is
less anesthesia management. Consequently, anesthesiolo-
gists are nowadays only occasionally required to help with
airway management, lung protection, and assistance during
radiological intervention.

The literature usually refers to old publications, and there
are only retrospective series or anecdotic reports that support
recommendations for investigation and a treatment plan for
MH. It is easy to understand that it is very difficult to design
a prospective, randomized, controlled trial in this type of
population.

Etiologies

Hemoptysis is defined by coughing of blood that originates
from the tracheobronchial tree or pulmonary parenchyma.
There are many potential causes of massive hemoptysis. It is
very important to rapidly rule out any non-pulmonary bleed-
ing since it can originate from the nasopharynx or from the
upper gastrointestinal tract.

The lungs have a dual blood supply, the pulmonary circu-
lation and the bronchial arteries. The bronchial circulation is
a high-pressure system providing only 1% of the arterial sup-
plies to the lungs, but the bronchial tree is implicated in MH
in more than 90% of cases. Bronchial arterial bleeding is dis-
tinctively brisk and bright red. Bronchial arteries originate
from the aorta that brings nutrients to the lung parenchyma
and major airways. Seventy percent of the bronchial arteries
typically arise from the descending thoracic aorta in regard
to the fifth and the sixth vertebrae. The 30% remaining arise
from other locations such as the subclavian arteries [9]. The
same vessels that supply the bronchial arteries may also sup-
ply the esophagus, the mediastinal nodes, and, more impor-
tantly, the spinal cord, through a complex anastomotic
network [10].

Pulmonary arterial circulation is responsible for gas
exchanges and is involved in less than 5-10% of massive
hemoptysis. The pulmonary bed is a high-compliance and
usually a low-pressure system (15-20 mmHg systolic and
5-10 mmHg diastolic). However, if there is pulmonary artery
hypertension, this low-pressure system may be modified to a
high-pressure system, reaching sometimes the systemic
level. Dark blood is more consistent with pulmonary artery
bleeding since the blood is not sufficiently oxygenated.

Hemoptysis originates from systemic, namely, bronchial,
or from pulmonary vessels. The most frequent causes of
bronchial tree hemoptysis are inflammatory lung disease
(bronchiectasis and tuberculosis) and neoplasia (Table 44.2).
The most common causes of hemoptysis from pulmonary
circulation are arteriovenous malformation (AVM) and
Rasmussen’s aneurysms (due to tuberculosis). latrogenic

Table 44.2 Possible causes of massive hemoptysis

Infectious
Bronchiectasis (including cystic fibrosis)
Chronic bronchitis
Tuberculosis
Non-tuberculous mycobacteria
Lung abscess
Necrotizing pneumonia
Mycetoma
Cardiovascular
Arteriovenous malformation
Pulmonary embolism or infarct
Mitral stenosis
Aortic aneurysm or bronchovascular fistula
Vasculitis, Wegener’s granulomatosis
Neoplastic
Lung cancer
Bronchial adenoma
Pulmonary metastases
Miscellaneous
Aspirated foreign body
Pulmonary contusion, trauma
Idiopathic pulmonary hemosiderosis
Iatrogenic (transthoracic or transbronchial biopsy, pulmonary
artery catheter)
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pulmonary artery rupture from pulmonary catheter (Swan-
Ganz) occurs rarely, but since anesthesiologists are fre-
quently implicated in its causality, this subject will be
discussed more deeply in another section of this chapter.

Clinical Manifestation

In the acute phase of hemoptysis, there is an accumulation of
blood in the dependent parts of the lungs. Through the cough
reflex, blood is expelled, producing the hemoptysis. During
that time, blood can be dispersed bilaterally into the bron-
chial tree, and the evaluation can mislead to lateralization.

The degree of bleeding may be easily underrated because
the volume of blood engulfing the involved lobes or lungs is
not quantified and may be significant [1]. Many patients with
hemoptysis have a medical history of compromised lung
function, and even small quantities of blood into the bron-
chial tree can lead to significant respiratory distress.
Expectorated blood is often swallowed and cannot be mea-
sured. Asphyxia is the most life-threatening manifestation of
MH, well before hemodynamic instability appears, and is the
usual cause of death associated with MH.

Initial Management of MH

There is little consensus regarding the optimal management
of patients presenting with MH. Moreover, from the begin-
ning of the twenty-first century, there are few recent large
series of patients studied [11]. In this section, conclusions of
these studies, some consensus from the literature, and also
various controversies will be presented.

Initial management of massive hemoptysis needs to
achieve a few objectives quickly and simultaneously. The
initial step in management of hemoptysis is to differentiate
between minor and massive hemoptysis. The approach to
the patient presenting MH can be generally done in three
steps [12]: airway protection, localization, and treatment.
The initial approach to the patient should be dictated by the
clinical presentation. Patients with rapid bleeding or severe
functional decompensation need protection of the airway
first, meaning that every effort should be made to protect
the non-affected lung against blood spillage and to main-
tain adequate gas exchange to prevent asphyxia [13].
Hypoxia secondary to lung spillage or blood clots is the
main cause leading to death. Secondly, it is essential to
localize the source of bleeding, meaning finding as pre-
cisely as possible its origin or at least the side of the
MH. Thirdly, the administration of a specific therapy is
mandatory. Definitive treatment options include conserva-
tive medical therapy, endobronchial therapy, arterial embo-
lization, or surgery.

All patients presenting MH should be admitted to an
intensive care unit for further investigation and treatment or
transferred to the radiological suite for CT or angiogram
examination or, less frequently, directly to the operating
room. While undergoing diagnostic procedures, the patient
should be kept upright, and 100% oxygen should be admin-
istered. Appropriate venous access should be put in place,
and blood should be available from the blood bank. A coagu-
lation profile should be obtained to show any coagulopathy,
including platelet dysfunction from drugs such as acetylsali-
cylic acid (Aspirin®), clopidogrel (Plavix®), and other anti-
platelets and new anticoagulants. Every effort should be
made to reverse anticoagulation, when possible. Invasive
therapeutic measures are not indicated for the control of
hemoptysis caused by anticoagulant therapy, blood dyscra-
sia, or Goodpasture’s syndrome [1]. Blood loss is rarely mas-
sive enough to cause a great threat to hemodynamics. Slight
hypotension can occur and may be treated with volume
replacement.

Light sedation with anxiolytic drugs or cough suppres-
sion drugs is rarely useful in the acute phase of MH [13].
Once the immediate danger has passed and bleeding is set-
tling, these drugs may be used to depress the excessive
coughing that can aggravate or stimulate hemoptysis [6].
Bronchodilators cannot be administered since they can
have a vasodilation effect and may precipitate renewed
bleeding [14].

Life-Threatening Intervention

When facing MH, many strategies to prevent airway con-
tamination should be available. If lung isolation is delayed or
not available, the patient intubated or not should be placed in
the lateral decubitus position with the bleeding lung on the
dependent (inferior) side to prevent spillage to the unaffected
lung (nondependent, superior side).

Lung isolation may be used to avoid spillage to the unaf-
fected lung by blood from the bleeding lung. Lung isolation
can be performed with different techniques including a selec-
tive endobronchial intubation with a standard endotracheal
tube, the use of a bronchial blocker (BB), or the insertion of a
double-lumen tube (DLT). The two last lung isolation tech-
niques are not specific to hemoptysis as they are regularly used
during anesthesia for thoracic surgery [15] (see Chap. 16).

Main stem bronchial selective intubation with a large
uncut endotracheal tube is facilitated using FOB, if the visu-
alization is good enough to allow the guidance of the tube.
Unfortunately, blood and clots can obstruct the view from
FOB. Blood highly absorbs the light of the FOB and conse-
quently alters its capacity to identify the tracheal bifurcation
and the guidance of the endobronchial tube. Blind endobron-
chial insertion may be attempted and verified by auscultation.
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However, the presence of large amount of blood in the main
airway may confuse the sound perceived unilaterally.

Bronchial blockers (BBs) may be used for lung isolation
or act as a therapeutic avenue when facing MH. It can be a
temporary measure in life-threatening situations until a more
specific treatment is applied. Bronchial blockers may be
inserted into a bleeding bronchus under the control of a FOB
to induce an endobronchial tamponade. Bronchial blocking
device is useful for lung separation when the DLT is not
immediately available or when there is some difficulty in
inserting the DLT (e.g., percutaneous tracheotomy) [16]. As
for any other lung isolation devices, the use of FOB is man-
datory, but the airway visualization may be difficult because
of the presence blood and blood clots. BB can be used in a
non-intubated (through nostrils) or intubated patient. It can
be positioned and stabilized alongside or inside the lumen of
the endotracheal tube or DLT. In some situations, the BB
may be introduced through a DLT. At that time, the use of
very small FOB (2.8 mm) may be necessary, mainly with a
smaller-sized DLT (35-37 Fr). The Uniblocker BB (Fuji
Systems Corporation, Tokyo, Japan) is easy to use compared
to other models, and it is now the golden standard for that
procedure.

It is an excellent method to achieve control of the bleed-
ing and to protect the contralateral lung and potentially the
ipsilateral non-bleeding lobes or segments. The technique of
endobronchial tamponade for bleeding control in MH was
first introduced by Hiebert in 1974 [8]. The author occluded
a bleeding bronchus with a balloon catheter inserted through
a rigid bronchoscope. Different catheters have been used for
this application, Foley catheter, Fogarty catheter, Swan-Ganz
catheter, specific double balloon catheter, and more recently
bronchial blockers. In addition to the tamponade effect, the
administration of vasoactive drugs is possible through the
inner channel [17]. This gives time to proceed with a thera-
peutic and more definitive intervention. If possible, the BB
should be replaced by a DLT or a simple lumen tube to allow
further evaluation and suctioning of the bleeding lung. The
bronchial blocker should always be deflated under FOB
vision. In 2006, Giannoni et al. [18] described a bilateral
concurrent massive hemoptysis successfully controlled with
the placement of more than one balloon catheter. In 2017,
Caddell reported a case of an emergency surgical pulmonary
embolectomy complicated by an acute massive hemoptysis
[19, 20]. The authors used a double bronchial blocker system
with a sequential inflate and deflate technique to localize the
hemorrhage and provide lung isolation and ventilation.

A third alternative for the management of the airway dur-
ing MH is the placement of a double-lumen tube (DLT) or
endobronchial tube. These DLTs are specially designed for
selective intubation of the right or left main stem bronchi
[21]. For MH, selective intubation of the left lung is prefer-
able. The left-sided tube is easier to position than the right-

sided tube which carries the risk obstructing the right upper
lobe bronchus. Double-lumen tubes have a bad reputation in
the literature when used in the context of MH. Nevertheless,
some of these observations were published before [22] the
introduction of the polyvinyl DLTs whose positioning can be
verified with the FOB. Other publications [1] refer to the use
of DLTs for other conditions than MH, and their conclusions
cannot be used to determine the safety of DLTs during MH
[23]. However, it has been demonstrated that anesthesiolo-
gists with limited experience in thoracic anesthesia fre-
quently fail to successfully place lung isolation devices,
DLT, or bronchial blockers [24].

It is the authors’ opinion that inserting a left-sided double-
lumen tube is a good strategy. Many problems with DLT
were described with older nondisposable model of DLT or
with older models of FOB. When confronted with massive
hemoptysis, the use of polyvinyl DLT and new FOB with
larger suction channel can be helpful. The lumen inserted
into the non-bleeding lung is used to ventilate the patient.
The other lumen, connected to the bleeding lung, allows the
insertion of a specific FOB. These FOBs, with a diameter
less than 4.2 mm, have a working channel allowing suction
of blood and blood clots from the bleeding site. The lumen
directed to the bleeding lung may be used to carry out a rela-
tively “blind” and very careful catheter aspiration. With
attentive care, the lumen may be cleared of blood or clots.
The application of CPAP or mechanical ventilation with
PEEP on the bleeding lung may help to decrease the bleed-
ing and/or to improve the patient’s gas exchange.

Nevertheless, insertion of a DLT may be difficult, even
for an experienced anesthesiologist, because large amounts
of blood can make the visibility poor with FOBs. Also, a
well-positioned DLT may be easily displaced during the fre-
quent transfers of the patient from ICU to radiologic suites or
frequent patient’s repositioning in bed. The authors prefer to
use left-sided DLT with a carinal hook to stabilize the DLT
onto the carina and fix it to the maxillary bone to minimize
its displacement. Sometime, when facing a massive hemop-
tysis, the use of a carinal hook helps to “blindly” position a
DLT. It is important to note that BBs are at higher risk of
dislodgement with movement or transfer of the patient than
DLTs. Consequently, patients with a DLT or a BB usually
should not be moved unless in absolute necessity, and some-
time these patients should be with muscle relaxants to pre-
vent coughing until the hemoptysis has been treated [25, 26].

Once adequate lung isolation is achieved, the patient can
be placed in the lateral decubitus position with the bleeding
lung on the nondependent (superior) side. The dependent
non-bleeding lung will thus receive most of the pulmonary
blood flow, and this will help to control the hemorrhage, as it
decreases the perfusion in the upper lung. This position will
also improve ventilation/perfusion (V/Q) ratio. The patient
should be ventilated with 100% oxygen, and PEEP should be
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applied on the inferior lung to improve gas exchange. PEEP
or CPAP may also be used on the upper bleeding lung acting
as a hemostatic effect and help gas exchange.

Diagnostic Tools and Therapeutic
Approaches

There is a controversy regarding the sequence of broncho-
scopic and radiological interventions. Initial computed
tomographic scan (CT) is thought to shorten examination
time in critical patients, but in a patient with massive
hemoptysis, etiologic diagnosis is less important than imme-
diate interruption of the bleeding process [27].

Chest radiography is readily available and is an impor-
tant diagnostic tool in finding the cause of the bleeding and
localizing pulmonary pathology. High-definition com-
puted tomographic (HDCT) scanning angiography is also
an excellent diagnostic tool. Except for life-threatening
situations, CT scan should be performed before the bron-
choscopic exploration. It has superior diagnostic capacity
over bronchoscopy and chest radiography for demonstrat-
ing underlying pathology and the site of bleeding in
hemoptysis, especially in bronchiectasis, bronchogenic
carcinoma, and aspergilloma cases. Vascular pathologies
such as arteriovenous malformation or aneurysm, which
are rare causes of hemoptysis, are also depicted very
clearly in contrast-enhanced CT scan examinations [13].
With recent developments in multidetector CT scan tech-
nique, it is now possible to scan the whole thorax into very
thin slices (1.25 mm) in a very short time (12—15 s) [14,
15]. Both the lesion causing hemoptysis and bronchial or
nonbronchial systemic feeding arteries are detected during
the same study using 80-100 mL of contrast medium. In
angiography-controlled studies, 86—87% of the pathologic
vessels detected by angiography were discovered with CT
angiography (CTA) [14, 15].

Bronchoscopy

For a patient presenting MH, the medical team may choose
to proceed with early or late bronchoscopy. This bronchos-
copy may be rigid or flexible, and its primary goal is to local-
ize the site or at least lateralize the side of the bleeding
source. The secondary goal is to clear the airway of gross
blood. Finally, the third goal may be to use a therapeutic
agent to control the bleeding. If the situation is not critical, a
quick trial of fiber-optic bronchoscopy (FOB) can be per-
formed to determine the origin or at least the side of the
bleeding. If the patient’s oxygenation is significantly com-
promised or the bleeding continues at a brisk pace, elective
oral intubation with an endotracheal tube (8.0 mm or larger)

should be performed; this may be done simultaneously with
the bronchoscopy [28].

Timing

Although most authorities advocate bronchoscopy to help
localize bleeding during MH, the moment when to use the
bronchoscopy is still controversial [12]. In the literature, it
is frequently mentioned that patients with MH require
urgent bronchoscopy. The argument for this assertion is that
bleeding will increase with time, making visualization dif-
ficult. It is reported that bronchoscopy helps to detect the
bleeding site in a lung or lobe in patients with diffuse
pulmonary disease [10].

More recently a new option emerged. Patients present-
ing with MH are immediately directed to the angiographic
suite to get a diagnostic angiogram and bronchial artery
embolization (BAE) at the same time. Patients at risk of
asphyxia prior to the BAE benefit from lung isolation tech-
niques. The FOB is then carried out a few days later. The
main argument for this sequence is that during the acute
phase of severe MH, airways are filled with large volumes
of blood restricting the use of bronchoscopy and conse-
quently invalidating endobronchial treatment [7, 29].
Sometimes, endoscopic examination may aggravate bleed-
ing and delay more effective treatment. Hsiao et al. reported
in 2001 [30] that bronchoscopy was not a prerequisite in
the treatment process considering risk of airway compro-
mised from sedation, delay in definitive treatment, hypox-
emia, and high cost [11]. In this study, bronchoscopy
findings were taken into consideration whenever they were
available. Not having to perform a bronchoscopy did not
affect the progress of endovascular treatment. Bronchoscopy
findings have not altered the course of angiography and
endovascular treatment in any of their patients. In this
observational retrospective study of 28 patients, there was
no need for emergency bronchoscopy during active and
abundant bleeding.

In a retrospective study of 28 patients with massive
hemoptysis, flexible bronchoscopy successfully localized
the site of bleeding in 26 patients [2]. In comparison, chest
radiographs localized the bleeding site in 23 patients. This
suggests that flexible bronchoscopy is effective at identifying
the site of bleeding in patients with massive hemoptysis, but
localizing a radiographic abnormality is sufficiently accurate
to warrant proceeding to bronchial artery embolization with-
out bronchoscopy [28].

Despite the “lack of proof” showing that early bronchos-
copy is beneficial, the general expert consensus favors an
early bronchoscopy, especially for patients with massive
hemoptysis [3]. The early procedure provides clinicians with
the maximal amount of information upon which to base
future decisions, particularly in patients who develop sudden
recurrence or acceleration of their bleeding. Nevertheless,
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early bronchoscopy has not been strictly proven to improve
outcome [28].

Practically speaking, early bronchoscopy should be done
within the first 12—18 h for the patient who is clinically stable
or for whom bleeding has become quiescent. Alternatively,
bronchoscopy is performed as early as it is safely feasible on
the unstable, decompensating patient [28]. In some institu-
tions, in patients with MH who are unstable, diagnostic angi-
ography is the imaging method of choice to localize the
bleeding site because it allows for immediate treatment [31].

Type of Bronchoscopy

Depending on each institution’s local practice, rigid or flex-
ible bronchoscopes are used to evaluate and to stabilize any
patient presenting MH. The selection is likely to reflect the
institution’s or the user’s experience [12]. No study addressed
this issue.

Rigid
Rigid bronchoscopy has been, until recently, the procedure
of choice after initial chest radiography. Many surgeons and
much of the older literature strongly advocate the use of the
rigid bronchoscope. Rigid bronchoscopy is preferred because
of its ability to suction large quantities of liquid and clotted
blood, to use a great variety of therapies during bronchos-
copy, such as direct cauterization or packing of bronchial
lesions, and to continuously provide ventilation. Obviously,
operating room setting and general anesthesia are required.
By contrast, the visual range of inspection is significantly
reduced compared to the fiber-optic bronchoscopy.
Changing over time, the technique of rigid bronchoscopy is
being less and less used and, as a result, is not available in many
institutions [13]. Consequently, a rigid bronchoscope is usually
used for patients with ongoing massive hemoptysis after an
unsuccessful bedside fiber-optic bronchoscopy. The flexible
bronchoscope can also be used in conjunction with the rigid
bronchoscope by passing it through its lumen. This allows a bet-
ter examination of the more distal and upper lobe airways [28].
A survey in 1998 noted that 79% of physicians treating
massive hemoptysis favored the flexible optic bronchoscope
(FOB) as the initial technique compared to 48% in a similar
survey performed in 1988 [32, 33].

Flexible

FOB has become more acceptable as an initial procedure for
intubated or not intubated patients. The main limitation of
FOB compared to the rigid bronchoscope is its limited abil-
ity to produce adequate suction through its smaller port.
Also, with massive hemoptysis, the presence of blood in the
inferior airway may absorb the light transmitted by the FOB
and consequently decrease the capacity of visualization [13].
As described above, FOB can be used through the rigid bron-
choscope for further examination.

For maximal safety, most patients should be intubated
when bronchoscopy is indicated in presence of massive
hemoptysis. If bleeding increases or recurs during the proce-
dure, the bronchoscope can be removed, and suction can be
applied while controlling the airway. The perception obtained
through the bronchoscope is commonly obscured by clots on
the tip of the scope; thus, it is important to be able to safely
remove the scope, clean the tip, and suction the channel to
continue the examination [28]. The disadvantages of bron-
choscopy in an acute bleeding situation include poor visibil-
ity due to endobronchial blood and frequent ineffective
therapeutic options [1].

Endobronchial Therapy

Laser photocoagulation or resection, electrocauterization,
and cryotherapy are useful tools for minor or moderate
hemoptysis. Unfortunately, these techniques are rarely effi-
cient against massive hemoptysis [13]. If bronchoscopy
allows visualization of a localized bleeding mucosal lesion,
laser therapy or electrocauterization may be considered, if
available. Both techniques can be used through a flexible or
rigid bronchoscope. Since excellent visualization of the
bleeding site is required, the rigid bronchoscope may be pre-
ferred because of its better suction capability [11].

Pharmacologic Adjuncts

Some pharmacologic adjuncts may be used through the
FOB. Topical agents such as warm saline may initially help
to break down gross clots and identify the bleeding site [13].
After identification of the bleeding side, initial control may
be obtained by using 50 mL sequential aliquots of up to
500 mL ice-saline lavage [12]. Topical epinephrine (1:20,000)
is also used to act locally as a vessel’s vasoconstrictor to stop
bleeding. Thrombin, fibrinogen-thrombin, or fibrin precursor
solutions, such as hemostatic agents, can be injected via
intrabronchial infusion through a catheter inserted into a
FOB wedged against the bleeding bronchus [34, 35].

Mechanical Therapy

When a lesion is not treatable by embolization, as there is no
feeding vessel and if surgical resection is not thought to be a
viable option, the protection of the contralateral lung can be
achieved by the insertion of a lung isolation device. But this
measure may offer only a temporary relief. At that time, the
use of self-expanding airway stent to cover the bleeding seg-
mental bronchial orifice may act as both tamponade and iso-
lation of the bleeding source [36].

Systemic Therapy

Intravenous vasopressin has been used to treat massive
hemoptysis, in a similar way as its use in gastrointestinal
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hemorrhage [37]. Therefore, its administration may prevent
successful BAE [38—40]. Other therapies that may promote
coagulation and that have been used successfully for massive
hemoptysis include intravenous estrogens (Premarin®), des-
mopressin (DDAVP®), ADH (vasopressin), tranexamic acid
(Cyklokapron®) [41-44], and recombinant activated coagu-
lation factor VII [45].

Bronchial Artery Embolization (BAE)

First reported by Remy et al. in 1973 [7], the use of BAE for
management of MH has become widespread. It has become
the main option for the treatment of MH, either at first pre-
sentation or in case of recurrence. Development of BAE has
been a huge advance in treatment of patients with MH, both
as a temporizing measure and as a definitive treatment for
some patients [46]. After several improvements, BAE is now
considered the procedure of choice in cases of both massive
and recurring hemoptysis and should be undertaken promptly
[29]. It is also now considered the most effective nonsurgical
treatment in MH [1]. This approach reduces the systemic
arterial perfusion pressure from the fragile bronchial arteries
within the diseased lung parenchyma [47]. In the hands of
experienced angiographers, embolization successfully stops
bleeding more than 85% of the time, especially if the bron-
chial circulation and the systemic arterial supply are care-
fully defined [11, 48].

Multiple imaging modalities are used to confirm the diag-
nosis and to locate the bleeding site in stable patients. These
include plain chest radiography, chest computed tomogra-
phy, and bronchoscopy. But in patients with MH who are
unstable, diagnostic angiography is the preferred imaging
method for localizing the bleeding site because it allows for
immediate treatment [31].

The initial step for transcatheter embolization is perform-
ing a thoracic angiogram to visualize and localize all the
main systemic arteries to the lung(s). Once the feeding arter-
ies are localized, selective bronchial arteriography is per-
formed to characterize the bleeding vessel. When the
bleeding vessel is identified, an embolic agent is used. There
are numerous options regarding material used for BAE. They
all have different characteristics as being particles or coils or
having irregular or spherical form or different sizes [49].

Postembolization, bronchial arteriogram, and thoracic
aortogram are performed to ensure the complete block of all
the feeding arteries with no further bleeding from vessels.
Immediate recurrent hemoptysis often occurs due to missed
feeding arteries that went untreated, whereas later recurrence
may take place as a result of collateralization or recanaliza-
tion of either the feeding artery or new bleeding vessels [31].

Multiple publications (10 series including 609 patients,
from 1983 to 2007) have demonstrated an immediate suc-

cessful rate of controlled bleeding varying from 70% to 95%
with a recurrence rate ranging between 13% and 43%. These
studies also report a minimal immediate complication rate of
less than 1% [31]. The most serious complication of BAE is
the accidental embolization of the anterior spinal artery
(Adamkiewicz) either by contrast material or the embolizing
particles causing ischemic injuries [1]. The anterior spinal
artery originates from a bronchial artery in about 5% of
patients. The reported prevalence of this complication has
been described as 1% [50]. This risk has been decreased by
superselective embolization techniques using smaller cathe-
ters that can be placed distally [51]. Renal dysfunction result-
ing from the contrast load is a concern, especially in patients
who are hemodynamically unstable due to blood loss [6].
Correct clinical evaluation and ventilation stabilization of
the patient are mandatory before BAE in massive hemoptysis
[27]. Intubating a patient with a single- or double-lumen tube
helps to monitor, with the help of a FOB, the interruption of
bleeding through a radiologic intervention and to clean the
inferior airways from any residual blood and blood clots.

Surgery

Historically, pulmonary resection has been the most effective
method to control and prevent recurrent bleeding [6].
Comparing the results with those of medical or surgical man-
agement is difficult for several reasons. The criteria of eligi-
bility for surgery differ among institutions and seem to be
subject to surgical or institutional bias [1]. The primary prob-
lem in selection bias is that patients who are more likely to
die are less likely to be operated on [6].

Patients with lateralized, ideally well-localized, uncon-
trollable bleeding should be assessed early for possible sur-
gery in case the bleeding remains brisk and unresponsive to
other measures. Surgery is reserved as an absolute last resort
for operative candidates not salvageable by BAE [6].

Patients presenting MH are too ill for physiologic testing;
historical data are therefore used to estimate the patient’s
ability to undergo lung resection. Relative contraindications
to surgery include severe underlying pulmonary disease,
active TB, diffuse underlying lung disease (cystic fibrosis,
multiple arteriovenous malformations, multifocal bronchiec-
tasis), and diffuse alveolar hemorrhage [11].

Morbidity and mortality are significantly greater with
emergent surgery for persistent massive bleeding compared
to elective surgery in non-bleeding patients. In most series
of emergent therapy, surgical mortality for treatment of
massive hemoptysis is approximately 20%, ranging from
10% to 38% for series published between 2000 and 2003
[52-54], with morbidity occurring in an additional 25-50%
of patients; however, most of these series are more than
20 years old.
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The reasons for such high mortality and morbidity may be
related to the ongoing bleeding in unstable hemodynamic
conditions, together with soiling of the remaining healthy
bronchopulmonary segments before and during the opera-
tion. Contamination of the contralateral lung before, during,
and after surgery is the main cause of postoperative respira-
tory failure leading to prolonged ventilation, nosocomial
pneumonia, and death [6]. One solution is to delay the sur-
gery with BAE, to obtain hemodynamic stability preopera-
tively, and to perform bronchial toilet pre- and postoperatively.
Before the critical decision to perform surgery is taken, the
surgeons should make sure that available interventional
modalities such as balloon bronchial blockers, rigid bron-
choscopy, or BAE can be used in an optimal manner to buy
time to delay surgery for a better surgical outcome.

latrogenic Pulmonary Artery Rupture (IPAR)

The use of a pulmonary artery catheter (PAC) is becoming
less frequent in the operating room since the general use of
transesophageal echocardiography. Nevertheless, PAC
remains a useful tool for diagnosis and management of many
patients with cardiac or lung diseases. Sicker patients may
need the insertion of a PAC, and these sicker patients are usu-
ally the patients most at risk for catheter-induced pulmonary
artery rupture. Prevention is the first approach to develop
when confronted with an iatrogenic complication. The first
step of prevention is the judicious selection of patients. Risk
factors for catheter-induced pulmonary artery rupture include
female gender, age over 60 years old, improper catheter
placement, and pre-existing pulmonary hypertension. The
second is the appropriate use and management of the
PAC. Nevertheless, when a catheter-induced pulmonary
artery rupture occurs, the physician needs to have a clear
scheme of intervention to deal with this severe complication.

The incidence of rupture is not very high, with an average
of 0.01-0.47%. In a large retrospective study of patients with
a Swan-Ganz catheter, Kearney et al. [55] found an incidence
of pulmonary artery rupture (PAR) of 0.031% and a mortal-
ity of 70% [55]. The mortality rate of pulmonary artery rup-
ture averages 50% but can be as high as 75% in anticoagulated
patients. Death occurs most often secondary to asphyxia. If a
delay before the appropriate management is instituted, it will
contribute to a higher mortality rate.

The initial presentation may be as obvious as massive pul-
monary hemorrhage or as subtle as a minor hemoptysis asso-
ciated with cough, or it may be totally asymptomatic [56].
Moreover, any hemoptysis in the presence of a PAC should
be investigated because of the high suspicion of PAR or false
aneurysm formation. Hemothorax may be the mode of pre-
sentation when blood enters the pleural space instead of the
airway.

The proposed mechanisms for catheter-induced PAR
include catheter tip lodged in the vessel wall when the PAC is
advanced while the balloon is not inflated or when eccentric
balloon inflation exposes the catheter tip and guides it into the
arterial wall or migration of catheter in a smaller arteriole
with subsequent rupture caused by balloon inflation. Primary
management of catheter-induced pulmonary artery rupture
focuses on the prevention of asphyxia. Asphyxia secondary to
lung spillage or blood clots is the main factor leading to death.
Prevention of contamination of the unaffected lung is essen-
tial. As for other types of MH, blood loss is rarely massive
enough to cause a great threat in hemodynamics, and slight
hypotension may be treated with volume replacement.

The management of IPAR is a three-pronged approach,
with targeted therapy derived from the basic “ABC” princi-
ples of resuscitation, airway, breathing, and circulation. The
goals are (A) lung isolation, (B) maintaining appropriate gas
exchange and oxygen delivery, and (C) volume resuscitation.
The decision to leave the PAC in place may be critical at that
time for the next steps in the radiologic management of this
complication. It is essential not to inflate the balloon without
radiologic imaging support (see later discussion).
Management differs depending on the clinical presentation,
mainly in which setting it is presenting, intensive care unit,
operating room, or radiology suite.

Intensive Care Unit Setting

When a pulmonary artery catheter is inserted and there is
hemoptysis, whether it is massive or negligible, a chest
radiograph is usually obtained and will show infiltration
around the catheter tip or pleural effusion. The side of a PAC
can serve as a guide to determine from which side the hemor-
rhage may come from. Since most PACs are located in the
right lung (90%), mainly the right lower lobe, it can be
assumed that hemorrhage comes from the right side if the
situation is critical [20, 57].

While diagnostic procedures are performed, 100% oxygen
should be administered to the patient. If the lungs are not iso-
lated, the patient should be placed with the bleeding lung on the
dependent (inferior) side to prevent spillage to the unaffected
side. If the situation is not critical, a short fiber-optic bronchos-
copy can be performed to determine the origin of bleeding.

The patient must undergo selective intubation to obtain
lung isolation. Lung isolation can be performed with various
techniques, including selective intubation with a standard
endotracheal tube, bronchial blocker, or DLT. As mentioned
earlier, it is our opinion that the best strategy is to place a
DLT, but a bronchial blocker can be used for lung separation
if a DLT is not immediately available or is difficult to insert.

After lung isolation, fiber-optic bronchoscopy can be use-
ful to confirm the good positioning of the device used for the
lung isolation and to identify the bleeding site. It is frequently
difficult to get a good view of the structures because the
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blood in the tracheobronchial tree highly absorbs the light of
the fiber-optic bronchoscope.

It has been suggested that the PAC could be deflated,
withdrawn of a few centimeters, and left in the pulmonary
artery. The balloon may be inflated to compress the bleeding
vessels or to temporarily obstruct the feeding artery [58,
59]. We recommend that this technique should be used only
under fluoroscopy and angiographic control to finely adjust
the position of the balloon, in order to avoid malpositioning
of the balloon. Improper positioning could augment the
bleeding by increasing the vascular laceration or by divert-
ing the pulmonary blood flow to the injured vessel.

Pulmonary angiogram generated through a PAC may be
difficult to realize because of the very small inner lumen of
the Swan-Ganz catheter. With a stable patient or if the diag-
nosis remains unclear, a contrast-enhanced CT scan may be
performed and is a valuable diagnostic tool. It can confirm
the possibility of a pulmonary artery false aneurysm (PAFA)
but also exclude any other causes of hemoptysis. CT scan-

Table 44.3 Management of pulmonary artery catheter-induced pul-
monary hemorrhage

1. Initially place the patient with the non-isolated, bleeding lung in
the inferior position

2. Endotracheal intubation, oxygenation, airway toilet

3. Lung isolation: endobronchial double- or single-lumen tube or
bronchial blocker

4. Withdraw the pulmonary artery catheter several centimeters,
leaving it in the main pulmonary artery. Do not inflate the balloon
(except with fluoroscopic guidance).

5. Position the patient with the isolated bleeding lung nondependent.
PEEP to the bleeding lung if possible

6. Transport to medical imaging for diagnosis and embolization if
feasible

Fig.44.2 Flow diagram of

ning is usually followed by an angiography with emboliza-
tion, if indicated and feasible (Table 44.3).

Operating Room Setting

Most cases of life-threatening hemoptysis described during
cardiac surgery result from a catheter-induced pulmonary
artery perforation [1]. If a hemoptysis happens during sur-
gery, lung isolation can be rapidly achieved, and the diagnos-
tic and therapeutic procedures started, while the patient is
still under anesthesia. If the hemoptysis happens before the
scheduled surgery, elective surgery must be postponed until
the PAR is investigated and stabilized. During cardiac sur-
gery, when a hemorrhage happens after cardiopulmonary
bypass (CPB) but before heparin reversal, CPB should be
restarted to bypass the lung circulation and stop the bleeding,
giving time to the anesthesia team to identify the side of the
bleeding, to isolate the lungs, and to maximize oxygenation
(see Fig. 44.2). If the hemoptysis begins after protamine
administration, the best conduct is to finish the surgery as
quickly as possible, isolate the lung, and proceed to a definite
investigation and treatment of the pulmonary artery rupture.

Iatrogenic pulmonary artery rupture can be localized at
the proximal trunk of the pulmonary artery (PA). As this per-
foration occurred outside the lung parenchyma, it explains
the absence of hemoptysis [60]. Surgical repair is then
indicated.

After ruling out the implication of PAC as the cause of
MH during cardiac surgery, other causes, including surgical
trauma, traumatic intubation, or concomitant disease (neo-
plasia, pulmonary edema) amplified by heparin and antico-
agulation, should be considered. When no pre-existing
disease and no lesion can be identified by bronchoscopy or
by the surgeons to explain unilateral bleeding and that the
patient is too instable to be transferred to the angiographic

Management of Pulmonary Hemorrhage During

management of massive

Weaning from Cardio-Pulmonary Bypass:

hemoptysis during weaning
from cardiopulmonary
bypass. CPB cardiopulmonary
bypass, FOB fiber-optic
bronchoscopy,

ETT endotracheal tube,

PA pulmonary artery, I

INITIAL TREATMENT:
Resume CPB
Suction ETT, PA vent p.r.n.

FOB, Open pleural cavity
I

Parenc. lung parenchyma Minor Hemorrhage:

Double-lumen Tube
PEEP, wean CPB

Major Hemorrhage:

Minor Parench. Damage:
Bronchial Blocker
Wean with FOB

Proximal Vessel Injury:
Double-lumen Tube
Vessel repair

Major Parench. Damage:
Double-lumen Tube

Adequate Pulmonary Function:
Lobectomy

Poor Pulmonary Function:
Temporary PA occlusion
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room, temporary pulmonary vascular exclusion by thoracot-
omy is an effective alternative to radiologic embolization for
managing unilateral hemoptysis during heart surgery [61].

Radiological Setting

During cardiac catheterization, the PAC can be used to evalu-
ate pulmonary vascular resistance and the wedge pressure.
When catheter-induced pulmonary artery rupture happens in
this setting, it is relatively easy to pull back the PAC of a few
cm and to reinflate the balloon under direct visualization [59,
62]. Thus, it may be possible to stop the bleeding pending
further radiological intervention. However, this measure
does not always enable physician to contain the hemorrhage
[63]. This is the reason why the authors recommend using
fluoroscopy and contrast injection to confirm that the PAC is
still proximal to the injured vessel and that balloon inflation
impedes flow through the lacerated vessel. Diagnostic angi-
ography and embolization can be easily performed at that
point. This may help to avoid intubation, lung isolation, and
post-procedure ventilation in some circumstances [59]. Since
the use of a FOB to initially position a DLT or BB in a patient
with MH can be difficult due to obstruction of the view by
blood, one option in the radiology suite is to use fluoroscopy
to help guide the lung isolation device (see Fig. 44.3) [62].

Pulmonary Artery False Aneurysm (PAFA)

PAFA formation is secondary to the accumulation of blood
in an aneurismal sac compressed by the lung parenchyma.
While there is no intact vessel wall lining containing the
bleeding, the lung parenchyma may prevent further extrava-

Fig. 44.3 An Arndt bronchial blocker (arrow A) has been positioned
under fluoroscopic guidance into the right main stem bronchus of a
patient who developed massive hemoptysis during right heart catheter-
ization. The bronchial blocker can be seen between the central venous
catheter (arrow B), proximal pulmonary artery catheter (arrow C), dis-
tal end of the endotracheal tube (arrow D). PAC distal pulmonary artery
catheter (Modified with permission from Addante et al. [62])

sation. The presence of a PAFA requires intervention,
because one can never be certain that spontaneous healing
will occur. Delayed pulmonary hemorrhage occurs in
30-40% of cases of a PAFA caused by a previous catheter-
induced pulmonary artery rupture. Rebleeding can occur as
late as 2 weeks to 7 months after the initial event [64].

With the development of interventional cardiology and
different vascular devices, novel therapeutic approaches to
IPAR have been recently developed. For instance, vascular
plug (Amplatzer® AGA Medical Corp., North Plymouth,
MN) has been used with success [65, 66].

If there is suspicion of a PAFA on the CT scan, an angio-
gram should be done. When the clinical suspicion of pulmo-
nary artery rupture is high or when the patient is unstable,
angiography remains the procedure of choice because it
allows both diagnostic and therapeutic intervention (see
Fig. 44.4) [67]. If diagnosis of a PAFA is confirmed, selec-
tive embolization helps to reduce morbidity and mortality.
Embolization is successful in 75% of cases, with a rebleed-
ing rate of about 20%. Sometimes, it can be deleterious to
embolize the PAFA regarding global lung function. In these
cases, conservative treatment can be tried. Follow-up of this
type of patients with repeat contrast CT scan is required.

Other Causes

Some other causes or presentations of IPAR have been
described. Its occurrence is extremely rare during insertion
of a thoracic percutaneous drainage tubes but may be devas-
tating due to the large-bore chest tube typically used and
sometimes may be rapidly fatal [68]. An idiopathic bilateral
bronchial hemorrhage during cardiac surgery has been
reported in the literature. Despite a very aggressive treat-
ment, the patient died on day 6 [19].

Management Post Hemoptysis

Following massive hemoptysis, treated either by endoscopy,
radiological intervention or surgery, it is important to perform
a bronchoscopy to clean the tracheobronchial tree and to
remove any blood and clots in the distal airway. This action
will help promote better and faster patient recuperation.

Tracheostomy Hemorrhage

Another clinically challenging scenario involving massive
airway bleeding is tracheostomy hemorrhage. Hemorrhage
in the immediate postoperative period following a trache-
ostomy is usually from local vessels in the incision such
as the anterior jugular or inferior thyroid veins. Massive
hemorrhage 1-6 weeks postoperatively is most common
due to tracheo-innominate artery fistula [69]. A small sen-
tinel bleed occurs in most patients before a massive bleed.
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Fig.44.4 (a) Radiographic
contrast dye injection
showing a false aneurysm of
the pulmonary artery of the
right lower lobe following
massive hemoptysis induced
by pulmonary artery catheter
rupture. (b) A coil has been
placed by interventional
radiology in the false
aneurysm of the right lower
pulmonary artery in the same
patient. Dye injection shows
that the aneurysm has
embolized with no further
leakage

Table 44.4 Management
hemorrhage

of tracheo-innominate artery fistula

1. Overinflate the tracheostomy cuff to tamponade the hemorrhage.
If this fails:

2. Replace the tracheostomy tube with an oral endotracheal tube.
Position the cuff with FOB guidance just above the carina

3. Digital compression of the innominate artery against the posterior
sternum using a finger passed through the tracheostomy stoma. If
this fails:

4. Slow withdrawal of the ETT and overinflation of the cuff to
tamponade

5. Then proceed with definitive therapy: sternotomy and ligation of
the innominate artery

The management protocol for tracheo-innominate artery
fistula is outlined in Table 44.4.

Conclusion

Endobronchial control measures and artery embolization
have radically changed the management of massive hemop-
tysis. In experienced hands, BAE is an effective therapeutic
tool and plays a pivotal role in the management of life-
threatening massive hemoptysis. With control of hemor-
rhage, nonsurgical patients can be identified and surgical
candidates accurately assessed to allow an elective operation,
with lower morbidity and mortality, if conservative measures
are unsuccessful [6].

Based on the above information, the following approach
is a reasonable way to manage a patient with massive
hemoptysis. First, stabilize the patient’s oxygenation,
ventilation, and hemodynamic status. Early correction of
coagulopathy and consultation with critical care physi-
cian, pulmonary medicine (bronchoscopist), interven-
tional radiologist, thoracic surgery, and anesthesiologist
are essential. Perform early bronchoscopy along with
other appropriate diagnostic evaluations. If the patient

continues to bleed aggressively, arteriography is most rea-
sonable for localization and therapy. If bleeding persists
despite embolization or if the patient is too ill to undergo
an angiography, blockade therapy or insertion of a dou-
ble-lumen tube should be considered in preparation for
rigid bronchoscopy in the operating room with possible
lung resection if warranted. While surgery remains the
only truly definitive therapy, it should not be used in the
acute emergent setting unless it cannot be avoided [11].
Surgery, including pulmonary artery ligature, segmentec-
tomy, lobectomy, or pneumonectomy, is reserved for
extreme cases since it is technically challenging and asso-
ciated to high morbidity [64].

Clinical Case Discussion

A 26-year-old woman is well known in the authors’ institu-
tion for Eisenmenger’s syndrome secondary to a complex
congenital heart disease. She had a patent ductus arteriosus
for which no surgical option was available when diagnosed
at 4 years old. She was referred to our center 4 years ago for
pulmonary hypertension. At that time, it was observed that
the right pulmonary artery originates directly from the
aorta. She has been treated with epoprostenol (Flolan) for
3 years.

A few months ago, she presented some episodes of mod-
erate hemoptysis treated with BAE. Someday, she presented
a new moderate hemoptysis necessitating BAE. She was
admitted to the intensive care unit for 5 days, and no bleed-
ing was observed. She was then transferred to the bronchos-
copy suite to search for a blood occluding the right inferior
lobe bronchus. With the aid of sedation and local anesthesia,
the area was easily reached. The blood clot was partially dis-
lodged without any problem. While trying to dislodge the
remaining of the clot, coughing was provoked, and it induced
a massive bleeding from the inferior lobe.
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Questions
Which immediate procedure should be undertaken?

1. Nasal oxygen was already in place for the FOB exam.

2. Right lateral decubitus position to protect the left lung
from blood spillage.

3. Irrigation of the origin of bleeding with cold saline.

Bleeding continues and becomes a MH. What is the
next step?

4. Left-side endobronchial intubation with single-lumen
tube with the assistance of the FOB.

5. Left lateral decubitus position to improve left lung gas
exchange and minimize bleeding from the right lung.

6. Exchange the endobronchial simple lumen tube for a
double-lumen tube.

The patient was directed, with anesthesia assistance, to
the radiological suite for angiography and BAE as needed.
Following diagnostic angiography and therapeutic emboliza-
tion, the radiologist wanted to know about the bleeding in the
right lung. What we can do to help her?

7. Fiber-Optic Bronchoscopy Examination

Following this procedure, the right-side bronchial tree was
suctioned. At that time, active bleeding was identified originating
from the right inferior super dorsal bronchus. Following a new
BAE, the bleeding ceased, and the cleaning of the bilateral bron-
chial tree was completed without finding any other bleeding site.

The patient was transferred to the ICU with the DLT in
place. She was sedated and ventilated until the next morning
when she was extubated. She did not present any recurrence,
and she was transferred to another center for evaluation for
lung transplantation.
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