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Abstract

Background: Patients with hematologic diseases are frequently accompanied by coagulopathy; even a small amount of hemoptysis
may worsen clinical outcomes compared to those with the similar severity of injury without coagulopathy. However, a few studies
have included various hematologic conditions, and none of them were large series.
Objectives: To evaluate the feasibility and short-term efficacy of bronchial artery embolization (BAE) in the management of hemop-
tysis in patients with hematologic diseases.
Patients and Methods: This was a retrospective study of 25 patients with hematologic diseases who visited our interventional unit
for the management of hemoptysis between 2009 and 2012. The clinical, laboratory, and radiographic data were retrospectively
analyzed and we correlated clinical response with the amount of hemoptysis, coagulation condition, radiographic pattern, and
bronchial artery hypertrophy.
Results: The amount of hemoptysis was trivial in 13 patients (52 %), moderate in ten patients (40%), and massive in two patients (8%).
Thirteen patients (52%) had coagulopathy (platelet count < 5× 104 µL and/or international normalized ratio (INR) > 1.5). Seventeen
patients (68%) showed focal pulmonary hemorrhagic patterns and eight patients (32%) showed diffuse pulmonary hemorrhagic
patterns. BAE provided complete clinical response in 21 out of 25 patients (84%). Complete clinical response was not correlated with
the amount of hemoptysis, coagulation condition, radiographic pattern, or bronchial artery hypertrophy (P > 0.05). There was no
significant difference in short-term survival between patients with coagulopathy and those without coagulopathy (P = 0.425), and
between patients with focal hemorrhagic pattern and those with diffuse hemorrhagic pattern (P = 0.728).
Conclusion: BAE in hematology patients was relatively efficient in controlling hemoptysis. The amount of hemoptysis, coagulation
condition, radiographic pattern, or bronchial artery hypertrophy was not a significant factor affecting the outcome.
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1. Background

Although hemoptysis can be induced by a wide variety
of diseases, massive hemoptysis is most frequently caused
by infections such as pulmonary tuberculosis, bronchiec-
tasis, aspergillosis, or lung abscess. In addition, patients
with cystic fibrosis or lung cancer are associated with
massive hemoptysis. Most of the previous studies about
bronchial arterial embolization (BAE) have focused on the
treatment of life-threatening massive hemoptysis associ-
ated with benign pulmonary diseases or neoplastic le-
sions (1-3). However, since patients with hematologic dis-
eases are frequently accompanied by coagulopathy that is
known as a negative factor in hemorrhage control, even
a small amount of hemoptysis may worsen clinical out-

comes more than those with the similar severity of injury
without coagulopathy (4-6).

Although several studies have reported on BAE for
hemoptysis in hematologic diseases, most studies have
been published as case reports on immunocompromised
conditions, such as pulmonary fungal infection or tuber-
culosis (7, 8). A few studies have included various hemato-
logic conditions, and none of them were large series.

2. Objectives

The focus of this study was to verify the feasibility and
short-term efficacy of BAE in the management of hemop-
tysis in patients with hematologic diseases. More specifi-
cally in terms of the clinical response, we correlated it with
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the amount of hemoptysis, coagulation condition, radio-
graphic pattern and bronchial artery hypertrophy.

3. Patients and Methods

This retrospective study was approved by our institu-
tional review board (CMC clinical research coordination
center, the catholic University of Korea). The written in-
formed consent was specially waived by the approving
institutional review board and patient information was
anonymized and de-identified prior to analysis. We re-
viewed 28 patients with hematologic diseases (17 men, 11
women; mean age, 54 years (range, 27 - 68 years)) who
were referred to our interventional unit for the manage-
ment of hemoptysis between 2009 and 2012. All patients
had the first episode of hemoptysis. Fifteen patients had
acute myelogenous leukemia (AML, 54%), four patients had
myelodysplastic syndrome (15%), three patients had acute
lymphocytic leukemia (ALL, 11%), two patients had chronic
myelogenous leukemia (CML, 7%), one patient had chronic
lymphocytic leukemia (CLL, 3%), two patients had multiple
myeloma (7%), and one patient had idiopathic thrombocy-
topenic purpura (ITP, 3%). All patients underwent chest ra-
diographs and computed tomography (CT) to determine
the etiology and extent of pulmonary disease, and the ori-
gin of bleeding. The presence of underlying pulmonary
diseases was determined on the basis of clinical history,
laboratory test results, and radiological findings.

In this study, abnormal values for platelet count (< 5
× 104 µL and/or international normalized ratio (INR) > 1.5)
were defined as coagulopathy because these values require
correction. Free-frozen plasma or platelet transfusion was
given to patients with coagulopathy during the procedure.
The decision to treat by embolization was made by the
hematology physicians in consultation with the interven-
tional radiologists.

The amount of hemoptysis was classified as trivial
(blood-tinged sputum), moderate (frank blood < 300 mL
per 24 hours), or massive (frank blood > 300 mL per 24
hours). According to guidelines for percutaneous tran-
scatheter embolization established by the society of in-
terventional radiologists (SIR) standards of practice com-
mittee (9), clinical response was determined by using re-
sults within 1 month following the embolization proce-
dure and was classified as follows: complete clinical re-
sponse (hemoptysis resolved without recurrence) or no
change (persistent hemoptysis associated with a positive
effect on the clinical course). In each patient, the end of
follow-up was defined as the date of death, date of last con-
tact, or 6 months after BAE.

3.1. Radiologic Findings

Chest computed tomography (CT) scans were taken
within 1 week before the procedure in all patients. They
revealed diffuse pulmonary hemorrhagic patterns in 11 pa-
tients (39%) and focal pulmonary hemorrhagic patterns in
17 patients (61%). Diffuse pulmonary hemorrhagic pattern
was defined as diffuse consolidation or ground-glass opac-
ity without underlying parenchymal abnormalities. Focal
pulmonary hemorrhagic patterns included focal pneumo-
nia (n = 7), invasive aspergillosis (n = 7, aspergillic anti-
gen positive), active tuberculosis (n = 1), non-tuberculous
mycobacterial infection (n = 1), and focal mass in multiple
myeloma (n = 1).

3.2. Bronchial Arterial Embolization Procedures

BAE was carried out in a dedicated vascular interven-
tional suite equipped with digital subtraction technology
by three experienced interventional radiologists. In all
cases, a preliminary descending thoracic aortogram was
obtained initially to evaluate hypertrophied bronchial and
non-bronchial systemic arteries and identify the bleed-
ing point. In addition, the routine selective arteriogra-
phy of the internal thoracic and subclavian arteries on
the affected side was performed to detect collaterals feed-
ing the bleeding sites. A 5-French angiographic catheter
(Bronchial, Seong-Won Medical, Seoul, Korea) was then se-
lectively introduced into the hypertrophied artery, and se-
lective angiography was conducted. The angiography find-
ings corresponding to hemoptysis were determined as fol-
lows: hypertrophic and tortuous bronchial arteries, hy-
pervascular parenchymal staining, or systemic-pulmonary
shunting. For embolization of pathologic arteries, a mi-
crocatheter (1.9 Fr, Asahi, Japan and 2.0 Fr, Terumo, Japan)
was accessed superselectively as close as possible to distal
embolization. Selective catheterization and embolization
of the bronchial arteries was attempted even in cases with
apparently normal thoracic aortograms because bleeding
may occur from normal-diameter arteries (10).

Polyvinyl alcohol (PVA) particles of 350- to 500-µm di-
ameter (Contour, Boston Scientific, Watertown, USA) were
used as embolic materials. PVA particles were slowly in-
jected under fluoroscopic control until blood flow reached
complete stasis. Selective angiography and descending
thoracic aortography were performed after BAE to confirm
interruption of arterial flow. The puncture site was sealed
with a vascular closure device (Angio-Seal; St. Jude Medical,
St. Paul, MN, USA).

3.3. Statistical Analysis

SPSS for Windows version 19.0 (SPSS, Inc, Chicago, Illi-
nois), was used for statistical analysis. All data were tab-
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ulated as mean and standard deviation in case of quanti-
tative variables as absolute numbers and percentages in
the case of qualitative variables. Fisher’s exact test was
used to calculate the association between variable predic-
tive factors (amount of hemoptysis, bronchial arterial hy-
pertrophy, coagulopathy and CT findings). Survival curves
between the groups were constructed according to the
Kaplan-Meier method. Survival curves were compared us-
ing the log-rank test.

4. Results

4.1. Clinical Presentation and Response

The embolization procedure was technically success-
ful in 25 patients (89%) and unsuccessful in three patients
(11%). Three patients were excluded because they under-
went only diagnostic angiography without embolization
due to inability to correctly place the 5-Fr catheter tip at the
origin of the bronchial arteries. After the first procedure,
the possible causes of hemoptysis were determined on the
basis of the review of radiographic and laboratory data.

Table 1 shows underlying hematologic disease, pa-
tient’s clinical and radiologic conditions and outcomes.
After embolization, bleeding stopped within the first 24
hours in 21 patients (84%). The overall clinical success rate
was 80% (20 out of 25 patients showed complete clinical
response). Recurrent hemoptysis occurred in one patient
(4%). This patient who had multiple myeloma and under-
lying bronchiectasis in the left lower lobe was medically
managed and eventually resolved without reintervention.
The 30-day mortality rate was 24% (6 out of 25 patients) and
the 6-month survival rate was 68% (17 out of 25 patients). Of
the six patients who died within 30 days after BAE, the main
causes of death were (1) uncontrolled pulmonary hemor-
rhage after successful embolization in four patients, (2) in-
tracranial hemorrhage due to uncontrolled coagulopathy
in one patient (died 8 days after BAE), and (3) hepatic failure
(died 1 month after BAE). There was no procedure-related
major complication, according to the SIR definitions (9).
The puncture site was successfully sealed without compli-
cations using a vascular closer device.

4.2. Coagulation Condition

On admission of 25 patients, laboratory tests revealed
a mean platelet count of 9.6 ± 9.9×104/µL (range, 5.1 -
43.6×104/ µL) and mean INR value of 1.26 ± 0.23 (range,
0.96 - 2). Among these patients, 13 (52%) had coagulopathy
(platelet count < 5× 104 µL and/or INR > 1.5); of these 13 pa-
tients, 11 (85%) showed complete clinical response, and two
(15%) showed no response after BAE. Of the 12 patients with-
out coagulopathy, ten (83%) showed complete clinical re-
sponse, and two (17%) showed no response (Table 2). There

was no significant difference in the clinical response be-
tween the two groups (P > 0.05).

The 6-month survival rates in patients with coagulopa-
thy and without coagulopathy were 77% and 58%, respec-
tively. A marginally higher survival rate was noted in pa-
tients with coagulopathy, but this did not reach statisti-
cally significance (P = 0.425, long rank = 0.635).

4.3. Radiographic Findings

The angiographic findings corresponding to hemopty-
sis included hypertrophic and tortuous bronchial arteries
(64%, 16 out of the 25 patients), hypervascular parenchyma
staining (56%, 14 out of the 25 patients), and systemic-
pulmonary shunting (40%, 10 out of the 25 patients). The
arteries that were hypertrophied on diagnostic angiogra-
phy included bronchial arteries (n = 16), intercostal arter-
ies (n = 7), and internal mammary arteries (n = 5).

Bronchial artery hypertrophy was defined as a
bronchial artery larger than adjacent normal intercostal
arteries. Of 25 patients, 16 (64%) showed bronchial artery
hypertrophy and nine (36%) showed bronchial artery of
normal diameter on preliminary descending thoracic
aortograms. All of 25 patients underwent successful
embolization. Of the 16 patients with bronchial artery
hypertrophy, 12 (75%) had complete clinical response. All
of the nine patients with non-hypertrophied bronchial
arteries showed complete clinical response. The pres-
ence of bronchial artery hypertrophy had no statistically
significant effect on the 30-day clinical outcome (P > 0.05)

Of the 17 patients with focal pulmonary hemorrhagic
patterns on chest CT, 12 (71%) had bronchial artery hyper-
trophy. Of the eight patients with diffuse pulmonary hem-
orrhagic patterns, four (50%) had bronchial artery hyper-
trophy. The frequency of bronchial artery hypertrophy was
significantly higher in patients with focal pulmonary hem-
orrhagic patterns than in those with diffuse pulmonary
hemorrhagic patterns (P < 0.05).

Complete clinical response was observed in 15 patients
(88%) with focal pulmonary hemorrhagic patterns and six
patients (75%) with diffuse pulmonary hemorrhagic pat-
terns (Table 3). There was a slightly higher rate of complete
clinical response in patients with focal hemorrhagic pat-
terns; however, this tendency was not statistically signifi-
cant (P > 0.05). There was no statistically significant dif-
ference in the survival rate between focal and diffuse pul-
monary hemorrhagic patterns (P = 0.728, long rank = 0.121)
(Figure 1).

5. Discussion

Most of the published reports on BAE have focused
on patients with inflammatory causes of hemoptysis or
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Table 1. Summary of Data in the Patients and Clinical Results of Bronchial Artery Embolization (BAE)a

Patient
No.

Hematologic
Disease

Amount of
Hemoptysis

Arterial
Hypertrophy

Radiologic
Pattern

Coagulopathy Response Short-Term (6 Months)
Outcome

1 ITP Trivial No FPH + Complete Died of intracranial
hemorrhage, 8 days

2 AML Trivial Yes DPH + Complete Alive

3 AML Trivial Yes DPH + No change Died of persistent hemorrhage,
the day after embolization

4 MDS Moderate Yes DPH + Complete Alive

5 AML Trivial No DPH + Complete Alive

6 AML Moderate No DPH + Complete Alive

7 MDS Massive No DPH + Complete Alive

8 AML Trivial No FPH + Complete Alive

9 AML Moderate Yes FPH + Complete Alive

10 MM Trivial Yes FPH + Complete Alive

11 MDS Massive Yes DPH 6.1 No change Died of persistent hemorrhage,
20 days after embolization

12 MDS Moderate No FPH + Complete Alive

13 AML Moderate Yes FPH 17.2 Complete Alive

14 AML Trivial Yes FPH 7.9 Complete Died of sepsis, 6 months after
embolization

15 AML Trivial No FPH + Complete Alive

16 ALL Trivial Yes FPH 18.6 Complete Died of hepatic failure, 1 month
after embolization

17 ALL Moderate No DPH 11.8 Complete Died of pneumonia, 6 months
after embolization

18 MM Moderate No FPH 28.1 Complete Alive

19 AML Trivial Yes FPH 6.8 No change Died of persistent hemorrhage,
the day after embolization

20 CLL Moderate Yes FPH 19.0 Complete Alive

21 AML Moderate Yes FPH + No change Died of persistent hemorrhage,
5 days after embolization

22 ALL Trivial Yes FPH 20.6 Complete Alive

23 CML Trivial Yes FPH 20.6 Complete Alive

24 CML Moderate Yes FPH 9.7 Complete Alive

25 AML Trivial Yes FPH 43.6 Complete Alive

Abbreviations: ALL, Acute Lymphocytic Leukemia; AML, Acute Myelogenous Leukemia; CLL, Chronic Lymphocytic Leukemia; CML, Chronic Myelogenous Leukemia; DPH,
Diffuse Pulmonary Hemorrhagic Pattern; FPH, Focal Pulmonary Hemorrhagic Pattern; ITP, Idiopathic Thrombocytopenic Purpura; MDS, Myelodysplastic Syndrome; MM,
Multiple Myeloma.
aCoagulopathy (+) : platelet count < 5 × 104 µL and/or INR > 1.5.

tumor-related bleeding (1-3). However, a few reports have
included various hematologic condition and none of those
were large series. This study was designed to evaluate the
short-term efficacy of BAE in the management of hemopt-
ysis in patients with hematologic diseases, who had com-
plex underlying medical issues that may influence the
overall survival and limit the response to invasive proce-
dures. In our study, although the clinical success rate was
as high as 80%, eight patients (32%) died within 6 months
and the 30-day mortality rate was 24%. Nevertheless, this
study demonstrates that BAE may be an effective palliative

tool in patients with hematologic diseases because most of
the patients had no recurrent hemoptysis until the time
of death after the successful BAE procedure. The causes
of death included bleeding in another site, hepatic fail-
ure, and pneumonia or sepsis, not persistent hemoptysis.
In four patients, hemoptysis could not be controlled with
BAE and all of the four patients died within 20 days due
to persistent hemoptysis, along with decreased lung func-
tion. This may reflect the clinical implication that any ad-
ditional stress including uncontrolled hemoptysis can her-
ald a terminal event in hematologic patients. Thus, we sup-
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Table 2. Coagulation Condition and Responsea

Coagulation Condition and Response No. of Patients (N = 25)

Coagulopathy condition 13 (52)

Complete clinical response 11 (85)

No change 2 (15)

Noncoagulopathy condition 12 (48)

Complete clinical response 10 (83)

No change 2 (17)

aNumber in parentheses are percentages, coagulopathy condition (platelet
count <5 × 104 µL and/or INR > 1.5).

Table 3. Radiologic Findings and Responsea

Radiologic Findings and Response No. of Patients (N = 25)

Focal pulmonary hemorrhagic pattern 17 (68)

Complete clinical response 15 (88)

No change 2 (12)

Diffuse pulmonary hemorrhagic pattern 8 (32)

Complete clinical response 6 (75)

No change 2 (25)

aNumber in parentheses are percentages.

pose that patients with hematologic diseases should be ag-
gressively managed even when they have mild hemoptysis.

Selective catheterization of the bronchial arteries
should be attempted even in cases with an apparently nor-
mal aortogram because bleeding may occur from normal-
diameter vessels (10). Moreover, a moderate degree of
hemoptysis and even a mild degree of hemoptysis are con-
sidered indications for transcatheter embolization (11). Ur-
gent aggressive treatment is necessary in patients with
hematologic diseases because they have complex under-
lying diseases and because any additional stress can in-
fluence clinical course. In our study, complete clini-
cal response was observed in all nine patients with non-
hypertrophied bronchial arteries who underwent BAE. We
believe that prophylactic embolization should be under-
taken in patients with non-hypertrophied bronchial arter-
ies because it can improve clinical course and survival, al-
though prognosis also depends on the hematologic condi-
tions of patients in addition to success in hemostasis.

Aina et al. (12) reported that patients with coagu-
lopathies after transcatheter arterial embolization experi-
ence recurrent hemorrhage more frequently than those
without. However, the recurrence rate of hemoptysis in
our series was 4% (only one patient). In addition, clinical
success rate of BAE was high regardless of the presence of

Figure 1. A, Diffuse pulmonary hemorrhagic pattern in a 47-year-old female with
acute myelogenous leukemia. This patient was referred for management of mod-
erate hemoptysis. Chest CT shows bilateral patchy areas of ground glass opacity
without underlying pulmonary abnormality. B, Selective digital subtraction angiog-
raphy image demonstrates hypertrophy in the right intercostobronchial trunk (ar-
row head) with systemic-pulmonary shunting (arrow). C, Superselective catheteri-
zation of the right bronchial artery with a 1.9 Fr microcatheter. Immediate cessation
of hemoptysis was obtained after embolization of this artery.

coagulopathy. These results imply that BAE may be effi-
cient in ceasing arterial bleeding and can be the first treat-
ment option for hemoptysis in hematology patients, even
in the presence of coagulopathy.

Diffuse pulmonary hemorrhage has been reported in
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Table 4. Correlation Between Clinical Response and Various Predictive Factors

Outcome Bronchial Artery Embolization Outcomes in 25 Hematologic Patients

30-Day Clinical Success

Complete Response No Response P Value

Amount of hemoptysis 0.546

Trivial 11 2

Moderate - Massive 10 2

Bronchial artery hypertrophy 0.332

Yes 12 4

No 9 0

Coagulation condition 0.245

With 11 2

Without 10 2

Radiologic pattern 0.752

Focal 15 2

Diffuse 6 2

immunocompromised patients, such as those with hema-
tologic malignancy (13-17). In general, diffuse alveolar hem-
orrhage is a hemorrhagic syndrome, but it is not asso-
ciated with hemoptysis because the alveolar epithelium
is not just leaking fluid but is perforated sufficiently to
leak red cells (18). Thus, aggressive correction of thrombo-
cytopenia and coagulation disturbances may be the first
and sufficient treatment option (18). Massive pulmonary
hemorrhage that can induce hemoptysis is an uncommon
complication of leukemia and is generally attributed to
thrombocytopenia. However, a platelet deficiency cannot
be the only explanation since most patients with thrombo-
cytopenia do not experience this complication (19). Smith
et al. (19) showed that the combination of severe throm-
bocytopenia and diffuse alveolar damage is required for
the development of massive intra-alveolar hemorrhage in
patients with leukemia. Many chemotherapeutic agents,
sepsis, or transplantation can cause diffuse alveolar dam-
age. Our study includes eight patients who had hemopty-
sis along with diffuse pulmonary hemorrhagic patterns on
CT and blood in the lavage specimens. Despite the uncor-
rected coagulopathy, 75% of the eight patients with diffuse
pulmonary hemorrhagic pattern showed complete clini-
cal response. These results imply that BAE may be an effec-
tive treatment option for patients with diffuse pulmonary
hemorrhagic patterns. Therefore, BAE may be helpful in
correcting the bleeding defect and preventing further lung
damage.

In general, emergent medical therapy is the first treat-
ment option in hematologic patients with coagulopathy
and diffuse alveolar hemorrhage (18). However, in our re-
sults, there was no statistically significant difference in
clinical success rate and survival rate between patients
with coagulopathy or diffuse alveolar hemorrhagic pat-

tern and other hematologic patients. (Table 4). Regardless
of the presence of coagulopathy or diffuse alveolar hemor-
rhage pattern, a high clinical success rate and low recur-
rence rate were achieved in patients who were treated with
BAE.

This study had limitations. First, this study was of ret-
rospective nature and had a small sample size without ran-
domization. Second, this study was limited to patients who
underwent BAE. There were no comparisons between pa-
tients undergoing BAE and those who were treated with
conservative treatment alone. Despite the effectiveness of
BAE, its superiority over conservative therapy in stopping
hemoptysis and reducing morbidity remains unproven.
Only prospective randomized trials can resolve this issue.
However, the results of this study demonstrated that the
frequency of complete clinical response became higher af-
ter BAE regardless of the correction of coagulopathy. In ad-
dition, BAE is a minimally invasive and relatively safe pro-
cedure. Therefore, we suppose that BAE may be the first
treatment option in hematology patients with hemopty-
sis.

Transcatheter arterial embolization for hemoptysis in
patients with hematologic disease was efficient for ceasing
hemoptysis. Presence of coagulopathy or differentiation
of radiographic patterns were not significant factors affect-
ing clinical outcomes. Our study demonstrates an imme-
diate decrease or resolution in bleeding in 80% of the pa-
tients and a low recurrence rate of 4% (only one patient).
These results suggest that BAE may be an excellent treat-
ment option for hemoptysis in patients with hematologic
diseases.
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