Li et al. BMC Pulmonary Medicine (2023) 23:87
https://doi.org/10.1186/512890-023-02371-1

BMC Pulmonary Medicine

A retrospective study on the management

®

Check for
updates

of massive hemoptysis by bronchial artery
embolization: risk factors associated
with recurrence of hemoptysis

Hui Li', Xu Ding?, Shuo Zhai® and Kun Gao'”

Abstract

Background Massive hemoptysis is a life-threatening condition that requires immediate treatment. This study aimed
to retrospectively analyze the outcome of bronchial artery embolization (BAE) for massive hemoptysis, as well as
potential factors that may contribute to the recurrence of hemoptysis after BAE.

Methods A total of 105 patients with massive hemoptysis treated with BAE were analyzed.

Results The immediate control rate of bleeding was 84.8% (67/79); however, during the 36-month follow-up, 45.3%
(29 out of 64) of the patients had recurrent hemoptysis after BAE. Comorbidities, pituitary hormone treatment, the
angiographic appearance of artery dilation and hypertrophy, and the materials used for BAE were significantly cor-

related with the success rate of the BAE, while lack of pituitary hormone treatment and existence of arterio-arterial or
arteriovenous fistula were risk factors for the recurrence of hemoptysis after BAE. Only a small proportion of patients
(9/105, 8.6%) had mild complications after BAE treatment.

Conclusion Findings suggest that BAE continues to be an effective treatment for massive hemoptysis in emergency
settings. Moreover, the treatment of underlying pulmonary diseases and comorbidities is important to increase BAE's

success rate of BAE and decrease the risk of recurrent hemoptysis after BAE.
Keywords Massive hemoptysis, Bronchial artery embolization, Retrospective study

Introduction

Massive hemoptysis is defined as the expectoration of
blood from the lower respiratory tract totaling 300—
600 mL over 24 h period [1, 2]. Massive hemoptysis
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is a life-threatening condition with mortality ranging
from 6.5-38% [3-6]. The etiology of massive hemop-
tysis varies by region, and the most common causes are
bronchiectasis, tuberculosis, lung cancer, necrotizing
pneumonia, and cryptogenic hemoptysis [3, 4, 6]. The
anatomic source of massive hemoptysis is predominantly
the bronchial arteries (90%), and the rest is from either
the pulmonary arteries (5%), aorta, or other systemic
arteries [3, 7, 8].

Bronchial artery embolization (BAE) was introduced
in the clinic in 1973 and now considered the first-line
therapy to control bleeding from massive hemopty-
sis immediately [6, 9]. Currently, technical success and
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immediate control of bleeding with BAE are high; how-
ever, the recurrence rate of hemoptysis after BAE may
vary between 10 and 55% [10-14]. A systemic review
reported that recurrence of hemoptysis after BAE may be
attributable to incomplete embolization, recanalization
of previously embolized arteries, or recruitment of new
collaterals due to underlying disease progression [6]. In
this retrospective analysis, we sought to analyze the fac-
tors that may be associated with the success of BAE, and
the risk factors that may contribute to the recurrence of
hemoptysis after BAE.

Materials and methods

Case selection

This was a retrospective study on patients who met the
diagnostic criteria of massive hemoptysis, 300-600 mL
hemoptysis within 24 h [10, 11, 15]. Patients hospitalized
due to massive hemoptysis and treated with BAE in Bei-
jing Chaoyang Hospital from January 1%, 2012, to March
31%, 2016, were enrolled in this study. Before BAE treat-
ment, patients were examined using high-resolution CT
(HRCT), chest-enhanced CT or CT angiography (CTA),
and bronchoscopy. Conservative treatment, including
oxygenation and medication to control bleeding, phlegm,
or infection, was administered to the patients before the
BAE. Patients with hemoptysis who were not treated
with BAE were excluded from the study.

Methods

All patients underwent laboratory tests, including rou-
tine blood and coagulation function tests. To confirm
the location of the bleeding, angiography of the aor-
tic arch and thoracic aorta was performed through the
right femoral artery. Depending on the location of the
primary lung lesion shown by HRCT or bronchoscopy,
selective angiography of the bronchial, subclavian, inter-
costal, and phrenic arteries was performed with a left
gastric or Cobra catheter. Once the bleeding site was
confirmed and following the guidelines of the Chinese
Medical Association [16—18], arterial embolization was
performed. Embolizing materials including micro-coils,
gelatin sponge, thread, or polyvinyl alcohol (PVA 300-
500 pm or 500-700 pm) were delivered via a microcath-
eter, which was carefully extended out to the bleeding
site to avoid spinal artery injury. The success of the BAE
was confirmed by post-embolization angiography show-
ing blockade of the artery and disappearance of residual
flow to the lesion.

The patients were followed up from day 2 to 60 months
(5 years) after BAE. The final follow-up date was either:
the date of death, the date of lobectomy by surgery,
or February the 28, 2017. During the follow-up, the
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following information was collected: date and amount of
recurrent hemoptysis and the treatment; date of surgical
intervention (lobectomy) and post-operative treatment;
and for deceased patients, the date, time, and cause of
death, and whether or not they had recurrent hemoptysis
before death.

Evaluation on therapeutic outcome
1. Immediate effectiveness.

Immediate effectiveness was determined by technical
success and immediate control of bleeding. Technical
success: The success of BAE was confirmed using post-
embolization angiography. Immediate control of bleed-
ing: The patient did not have hemoptysis within 24 h after
the BAE procedure. If the patient had recurrent bleed-
ing in the respiratory tract or fresh blood in the sputum
within 24 h after the BAE, it was counted as a failed case
of BAE. However, it was considered successful if the
patient had brown sputum or a small amount of blood in
the sputum.

2. Long-term outcome.

Long-term outcome of the BAE was determined by
the Cumulative hemoptysis non-recurrence rates at 1, 3,
12, 24, and 36 months after BAE treatment [11]. Hem-
optysis recurrence was defined as fresh hemoptysis with
blood clots or fresh blood in the sputum after the disap-
pearance of hemoptysis following BAE treatment. Early
recurrence was defined as recurrence occurred within
one month after BAE, and late recurrence if it occurring
one month after the BAE procedure.

Statistical analysis

Discrete variables were expressed as frequency (%),
and the chi-square or Fisher’s exact probability test was
used. The odds ratio (OR) of the risk factors that poten-
tially contributed to the treatment success was analyzed
by logistic regression with multifactor correction, an a
value of 0.05 was significant. Hazard ratios (HR) of the
factors possibly attributed to hemoptysis recurrence were
analyzed using univariate analysis, multivariate logistic
analysis, and COX multivariate analysis. All data analy-
ses were performed using SAS 9.3 statistical analysis soft-
ware. P<0.05 was considered significant.

Results

Demographic characteristics of the patients

As shown in Table 1, 105 patients were enrolled in the
study. Of these, 67 were male (64%), 38 were female
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Table 1 Demographic information of the patients

Level Number (%)
Age <60 yr 60 (57.14)

>60yr 45 (42.86)
Gender Male 67 (63.81)

Female 38(36.19)
History of lung tuberculosis Yes 15(14.29)
Comorbidities® Yes 14 (13.33)
Smoking Yes 47 (44.76)
Lung infection Yes 44 (41.90)
Bronchiectasis Yes 56 (53.33)

@ Comorbidities other than hypertension, diabetes or tuberculosis

(36%), and 60 (57%) under 60 years of age. Nearly half
of the enrolled patients (45%) were smokers. Underly-
ing diseases of massive hemoptysis in this study were
bronchiectasis, 56 (53.3%); lung infection, 44 (41.9%);
and lung tuberculosis, 15 (14.3%).
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Treatment and outcomes of massive hemoptysis

by the BAE

As shown in the representative case report (Figs. 1 and
2), high-resolution chest CT demonstrated lesions in
the lung, and the origin of the bleeding from the bron-
chial artery was confirmed by angiography via selec-
tive catheterization. Successful control of bleeding was
confirmed by a post-embolization angiogram showing
no residual flow to the lesion area. This study’s rate of
immediate bleeding control was 84.8% (67/79). Long-
term follow-up of the 64 patients showed that 35 (54.7%)
had hemoptysis recurrence up to 36 months after BAE.
Moreover, 29 patients (45.3%) had recurrent hemoptysis
after BAE treatment, with a median length of 10 months
(range: 2 days to 36 months), and 93.1% of the recurrence
occurred within 2 years of BAE.

Over half of the patients (58 out of 105, 55%) were
embolized with coil only, and one-third (34 of 105,
32%) were treated with microsphere plus coil (Table 2).
The remaining patients were embolized with other

Fig. 1 High resolution chest CT (HRCT) and digital subtraction angiogram before and after the BAE in case #1. A 62-year-old male patient

had history of intermittent hemoptysis for 30 years, became worse for one month with approximately 150 mL of blood each time. A-D: High
resolution chest CT (HRCT) images showing reduced volume and uneven density in the right middle lobe as well as cavities and necrosis. E: Digital
subtraction angiogram after selective catheterization of the right bronchial artery and super-selective catheterization with a microcatheter, showing
hypertrophied artery and hyper-vascularity in the right middle lobe; F: Digital subtraction angiogram after embolization, demonstrating no residual

flow to the lesion
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Fig. 2 High resolution chest CT (HRCT) and digital subtraction angiogram before and after the BAE in case #2. A 33-year-old male patient with
10 years of smoking history had cryptogenic hemoptysis for one week with approximately 100 mL of blood each time. A and B: High resolution
chest CT showed patchy and ground glass image in the right lung, indicating accumulation of blood in the alveoli. C and D: Digital subtraction

angiograms from a selectively catheterized right bronchial artery, showing hypertrophied right bronchial artery and branches as well as
hyper-vascular lesions. E: Digital subtraction angiogram after embolization, showing no residual flow to the lesion area

Table 2 Treatment and outcome of massive hemoptysis by the BAE

Treatment and outcomes Number (%)
Materials MWCE + coil 1(0.95)
PVA + MWCE + Coil 1(0.95)
Coil 4+ gelatin sponge 3(2.86)
Gelatin sponge + microsphere 1(0.95)
Coil embolization 58 (55.24)
Microsphere embolization 4(3.81)
Microsphere + coil 34 (32.38)
Coil 4+ gelatin sponge 1(0.95)
Thread embolization 1(0.95)
Thread + PVA + coil 1(0.95)
Surgical intervention after the BAE Lobectomy 10(9.52)
Complications No 96 (91.43)
Yes? 9(8.57)

2 8 Patients had chest pain after the procedure, one patient had aortic intramural hematoma during the procedure, one patient had fever, and 2 patients had nausea
and gastrointestinal discomfort. BAE: bronchial artery embolism; PVA: polyvinyl alcohol

materials, including MWCE coil, PVA, gelatin sponge
(Gelfoam), or thread. Ten of the 105 (9.5%) patients
underwent lobectomy after BAE treatment for massive
hemoptysis failed. While the majority of the patients

(96 of 105, 91.4%) had no complications following BAE  procedure.

treatment, 9 (8.6%) patients had mild complications
after the treatment, including chest pain (8 patients),
nausea and gastrointestinal discomfort (1), fever (1),
and aortic intramural hematoma during the BAE
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Factors affecting the outcome of the BAE

First, the factors that might be associated with the suc-
cess rate of BAE were analyzed. As shown in Table 3,
patients with comorbidities had a significantly lower BAE
success rate than patients without comorbidities, 64.3%
vs 87.9% (P=0.037), respectively. Similarly, patients
treated with pituitary hormones had a significantly
lower BAE success rate than those treated without hor-
mone treatment, 76.4% vs 94.0% (P=0.012), respectively.
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However, interestingly, patients with an angiographic
appearance of arterial dilation and hypertrophy had a
significantly higher BAE success rate than patients with-
out, 90.2% vs 46.2%, (P=0.001), respectively. In addition,
patients treated with the coil in combination with other
materials had a significantly higher BAE success rate
than patients treated with only the coil, 93.6% vs 77.6%
(P=0.023) respectively. Other factors, including age,
sex, smoking, underlying diseases (lung tuberculosis,

Table 3 Factors associated with BAE success rate

Factors Level Successful Failed Row Sub-total P

Age >60yr 8 (84.44) 7 (15.56) 45 (42.86) 0.938°
<60 yr (85 00) 9 (15.00) 60 (57.14)

Gender Male 6 (83.58) 11(16.42) 67 (63. 81) 0.655°
Female 33 (86 84) 5(13.16) ( 19)

Hypertension Yes 29 (87.88) 4(12.12) 3(31.43) 0.547°
No 60 (83.33) 2(16.67) 72 (68 57)

Diabetes Yes 4(100.0) 0(0.00) 4(3.87) 1.000°
No 85 (84.16) 16 (15.84) 101 (96.19)

History of lung tuberculosis Yes 14 (93.33) 1(6.67) 5(14.29) 0.458°
No 75 (83.33) 15 (16.67) 90 (85.71)

Comorbidities Yes 9 (64.29) 5(3571) 4(13.33) 0.037°
No 80 (87.91) 11 (12.09) 91 (86.67)

Smoking Yes 40 (85.11) 7(14.89) 47 (44.76) 0.930°
No (8448) 9(15.52) 58 (55.24)

Lung infection Yes 9 (88.64) 5(11.36) 44 (41.90) 0.348°
No (81 97) 1(18.03) ( 10)

Bronchiectasis Yes 1(91.07) 5(8.93) 6 (53. 33) 0.054°
No 8(77.55) 1(2245) 49 (46.67)

Treated with pituitary hormone Yes (76 36) 13 (23.64) (52 38) 0.012°
No 47 (94.00) 3(6.00) 0(47.62)

Angiographic dilation & hypertrophy Yes 83(90.22) 9(9.78) (87 62) 0.001°
No 6 (46.15) 7 (53.85) 3(12.38)

Angiographic tortuosity Yes 55(82.09) 2(17.91) 67 (63.81) 0.312°
No 4(89.47) 4(10.53) ( 19)

Angiographic disorder Yes 8(88.89) 6(11.11) 4(51.43) 0.226°
No 1(80.39) 10 (19.61) (48 57)

Increased angiographic staining Yes 2(91.43) 3(857) 5(33.33) 0.179°
No 7(81.43) 13(18.57) (66 67)

Bronchial artery disease Bilateral Right 32 (76.19) 44 (89.80) 10(23.81) 5 (10.20) 42 (40.00) 49 (46.67) 0.131°
Left 3(92.86) 1(7.14) 4(1333)

Arterio-arterial or arteriovenous fistula No 2 (81.25) 12 (18.75) 64 (60.95) 0.211°
Yes 7(90.24) 4(9.76) 41 (39.05)

Number abnormal bronchial artery One 5(85.37) 6 (14.63) 41 (39.05) 0.890°
>2 4 (84.38) 10 (15.63) 64 (60.95)

Hemoptysis amount >300 mL< 300 mL 5(83.33) 34 (87.18) 1(16.67)5(12.82) 66 (62.86) 39 (37.14) 0.596°

Materials for embolization Other materials 4(93.62) 3(6.38) 47 (44.76) 0.023°
Coil 5(77.59) 13(22.47) 58 (55.24)

2 Chi-square
b Fisher’s Exact Test
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infection, and bronchiectasis), angiographic tortuosity,
angiographic disorder, increased angiographic staining,
location of bronchial artery disease, vessel fistula, num-
ber of abnormal bronchial arteries, and bleeding amount,
did not affect the BAE success rate (Table 3).

Next, risk factors that may be attributed to the failure
of the procedure within 24 h after BAE were analyzed. As
shown in Table 4, before correction of the logistic regres-
sion, the OR, 95% CI) was as follows: comorbidities:4.041
(1.144-14.271), P=0.030; pituitary hormone treat-
ment:4.849 (1.292-18.199), P=0.019; the angiographic
appearance of artery dilation and hypertrophy:0.093
(0.026-0.337), P=0.000; materials for the BAE:0.236
(0.063-0.886), P=0.032. After the correction, the OR
(95% CI) was7.269 (1.597-33.074), P=0.010; pituitary
hormone treatment:4.452 (1.059-18.717), P=0.042;
angiographic dilation and hypertrophy:0.068 (0.015—
0.300), P=0.000 (Table 4). These findings suggest that
comorbidities, treatment with pituitary hormone, the
angiographic appearance of artery dilation and hypertro-
phy, and materials used for the BAE, were factors attrib-
uting to the failure of BAE within 24 h.

The risk factors that may contribute to the recurrence
of hemoptysis after BAE were also analyzed. As shown in
Table 5, the uncorrected and corrected HR, 95% CI) in
the patients without pituitary hormone treatment were
2.278 (1.058-4.904), P=0.035, and 2.057 (0.958-4.462),
P=0.068, respectively. In contrast, uncorrected and cor-
rected HR (95% CI) in the patients with arterio-arterial or
arteriovenous fistula were 2.321 (1.108-4.863), P=0.026,
and 2.103 (0.997-4.436), P=0.051, respectively (Table 5).

Table 4 Risk factors associated with failure of the BAE procedure
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This suggests that pituitary hormone treatment and ves-
sel fistula may be associated with the long-term outcome
of BAE treatment in patients with massive hemoptysis.

Discussion

BAE is an established procedure for the treatment of
massive and life-threatening hemoptysis. In this ret-
rospective study, the etiology of massive hemoptysis
was bronchiectasis in over half (53.3%) of the enrolled
patients and more than half (55%) of the patients were
only treated with coils during the BAE procedure. The
clinical effectiveness of the BAE was 90.5% (95/105), but
BAE failed in 10 out of 105 patients (9.5%) who were
treated with surgical intervention (lobectomy). Comor-
bidities, pituitary hormone treatment, the angiographic
appearance of arterial dilation and thickening, and mate-
rials used for BAE might affect the success rate of BAE. In
contrast, arterio-artery or arteriovenous fistula and pitui-
tary hormone treatment were risk factors for the recur-
rence of hemoptysis after BAE treatment. Most patients
(91%) had no complications after the BAE procedure in
this study.

Massive hemoptysis is defined as the expectoration
of >200 mL over 24-h. The mortality rate of massive and
untreated hemoptysis is greater than 50% [19]. Massive
hemoptysis is caused by asphyxiation, rather than exsan-
guination. In addition, respiratory distress due to mas-
sive hemoptysis is not only dependent on the volume of
bleeding but also on underlying comorbidities [6]. Lung
tuberculosis is the most common cause of massive hem-
optysis, followed by other lung diseases including lung

Independent variables Level of variables

Comorbidities Yes vs No
Treated with pituitary hormone Yes vs No
Angiographic dilation & thickening Yes vs No

Materials® Other materials vs coil only

Uncorrected After correction

OR? (95%Cl) P OR?(95%Cl) P
4.041(1.144-14.2717) 0.030 7.269(1.597-33.074) 0.010
4.849(1.292-18.199) 0.019 4452(1.059-18.717) 0.042
0.093(0.026-0.337) 0.000 0.068(0.015-0.300) 0.000
0.236(0.063-0.886) 0.032 - -

2 Since the univariate analysis of “comorbidities, treated with pituitary hormone, angiographic dilation & thickening, and materials” indicated significant difference,
multivariate logistic analysis was performed, and independent variable was screened by stepwise regression

b This variable was excluded from multifactor correction. Comorbidities, treated with pituitary hormone, and angiographic dilation & thickening were adjusted

Table 5 Risk factors associated with recurrence of hemoptysis after BAE

Independent variables Level of variables
Treated with pituitary hormone No vs Yes
Arterio-arterial or arteriovenous fistula Yes vs No

Uncorrected After correction

HR (95%Cl) P HR 2(95%Cl) P
2.278(1.058-4.904) 0.035 2.057(0.948-4.462) 0.068
2.321(1.108-4.863) 0.026 2.103(0.997-4.436) 0.051

2 Since the univariate analysis of “treated with pituitary hormone” and “arterio-arterial or arteriovenous fistula” indicated significant difference, they were further
corrected by COX multivariate analysis. “Treated with pituitary hormone” and “arterio-arterial or arteriovenous fistula” were adjusted
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cancer, bronchiectasis, cystic fibrosis, alveolar hemorrhage
syndromes, lung abscess, and trauma [3, 8, 10, 20, 21]. In
the current study, the most common etiology of massive
hemoptysis was bronchiectasis (53.3%), followed by lung
infection (41.9%) and pulmonary tuberculosis (14.3%).
Consistent with our findings, a report from the Mayo Clinic
of 54 patients treated with BAE observed that the etiologies
for hemoptysis were bronchiectasis, pulmonary hyperten-
sion, malignancy, mycetoma, and other causes [22].

BAE is a minimally invasive procedure that embolizes
the bronchial arterial system. It is the main and most
important therapeutic procedure for controlling mas-
sive hemoptysis. However, BAE is not uniformly success-
ful, and therapeutic results from BAE vary in previous
reports [5, 6, 11, 23-26]. In this regard, a study from
Mexico conducted a post-BAE assessment at 24 h and
30, 120, and 180 days [23]. They reported that bleeding
was the cause of death in 3 out of 24 patients within 24 h,
and surgical resection was required in 4 of the 16 patients
who did not have recurrent hemoptysis at the end of
180 days. Survival rates of 24 patients at 30 and 180 days
were 75% and 67%, respectively [23]. In contrast, a study
from India of 280 patients with a history of tuberculosis
reported that immediate control of bleeding by BAE was
observed in 255 patients (91%), recurrence of hemoptysis
in 18 patients (6%) within 3 months, and in 10 patients
within 6 months (3.5%) [24]. The current study’s, imme-
diate control rate of bleeding was 84.8%. Long-term fol-
low-up of the 64 patients showed that 35 patients (54.7%)
had no recurrence of hemoptysis for up to 36 months
after BAE. However, 29 patients (45.3%) had recurrent
hemoptysis after BAE treatment, with a median length
of 10 months (2 days to 36 months), and 93.1% of the
recurrent hemoptysis occurred within 2 years after BAE.
Furthermore, we found that comorbidities, pituitary hor-
mone treatment, the angiographic appearance of arte-
rial dilation and hypertrophy, and materials used for the
BAE were significantly associated with the success rate of
BAE. At the same time, the etiology of hemoptysis, smok-
ing, and amount of bleeding was not significantly related
with the success rate of BAE.

A lesson from our study, and other studies, was that
BAE did not guarantee complete success in all patients,
with immediate control of bleeding after BAE not being
achieved in all patients. Furthermore, some patients
had recurrent bleeding despite adequate embolization
of the arteries. In this context, it has been reported that
the immediate control rate of hemorrhage ranged from
77-100% [5, 6, 10, 26—28], and recurrent rate of bleed-
ing after BAE treatment was 9-44% [5, 6, 10, 11, 20, 22,
26, 28, 29]. Two peak times of recurrent hemoptysis were
observed: the first was—1-2 months after BAE, and the
second 12—24 months after the procedure [11]. The cause
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of recurrent bleeding after BAE could be due to the fol-
lowing reasons: incomplete embolization of the bronchial
arteries, the presence of non-bronchial systemic arter-
ies (aberrant origin of the bronchial artery), recanaliza-
tion of embolized arteries, or collateralization caused
by continued inflammation [22]. Here, we report that
comorbidities, pituitary hormone treatment, and hyper-
trophied bronchial artery may be related to BAE failure
within 24 h. Moreover, pituitary hormone treatment and
arterio-arterial or arteriovenous fistula may be risk fac-
tors that contribute to the recurrence of hemoptysis after
BAE treatment. While the association between pituitary
hormone treatment and the risk of hemoptysis recur-
rence remains to be further investigated, an imperfect
BAE procedure due to vasoconstriction of the bronchial
artery by pituitary hormone may be the cause of hemop-
tysis recurrence.

Coils, polyvinyl chloride particles, Gelfoam, and gela-
tin sponge particles are commonly used in BAE. With
newer materials available for embolization and increas-
ing experience with BAE, the complication rate of BAE
has gradually diminished over the years, and the rate of
major complications remains negligible, with a median
incidence of 0.1% (0%-6.6%) [6]. In this regard, the fol-
lowing complications have been reported in the previous
studies: chest pain, fever, nausea, and arterial dissection
of the patients [26]. Consistently, the complication rate
after BAE in the current study was low and did not affect
the overall outcome of the therapy.

Although the current study’s findings indicate that
BAE is effective for management of massive hemoptysis,
this study has some limitations. First, only patients with
massive hemoptysis were included in this study. Thus,
the therapeutic effect of BAE in patients with moderate
or mild hemoptysis, including those with lung cancer,
remains to be evaluated. Second, the sample size of the
study was small.

In summary, BAE is an effective therapeutic procedure
to control acute and massive hemoptysis, with a techni-
cal success rate of 81-100% in a recent systemic review
[6]. However, recurrence of hemoptysis after BAE may
occur for various reasons. The current study’s findings
indicate that it is important to treat underlying pulmo-
nary diseases and comorbidities to increase the success
rate of BAE and decrease the risk of recurrent bleeding
after BAE.

Abbreviations

BAE Bronchial artery embolization
HRCT High-resolution CT

CTA CT angiography

IQR Interquartile range

OR Odds ratio

HR Hazard ratio



Li et al. BMC Pulmonary Medicine (2023) 23:87

Acknowledgements
None.

Authors’ contributions

HL and KG contributed to study conception and design. All authors collected

the data and performed the data analysis. All authors contributed to the

interpretation of the data and completion of the figures and tables. All authors
contributed to the drafting of the article and the final approval of the submit-

ted version.

Funding
None.

Availability of data and material

The datasets used and/or analyzed during the current study are available from

the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

Ethical approval was obtained from the Ethics Committee of the Beijing
Chaoyang Hospital, China (#20221107A10). All methods were performed in
accordance with the relevant guidelines and regulations. Written informed
consent was obtained from all the patients.

Consent for publication
Not applicable.

Competing interests
All the authors declare that they have no conflict of interest.

Received: 19 July 2022 Accepted: 24 February 2023
Published online: 16 March 2023

References
1. Corey R, Hla KM. Major and massive hemoptysis: reassessment of
conservative management. Am J Med Sci. 1987;294(5):301-9. Epub

1987/11/01. https//doi.org/10.1097/00000441-198711000-00003. Pub-

Med PMID: 3425580.
2. Noe GD, Jaffe SM, Molan MP. CT and CT angiography in massive haem-
optysis with emphasis on pre-embolization assessment. Clin Radiol.

2011,66(9):869-75. Epub 2011/06/11. https://doi.org/10.1016/j.crad.2011.

03.001. PubMed PMID: 21658690.
3. Radchenko C, Alraiyes AH, Shojaee S. A systematic approach to the
management of massive hemoptysis. J Thorac Dis. 2017;9(Suppl

10):51069-S86. Epub 2017/12/08. https://doi.org/10.21037/jtd.2017.06.41.

PubMed PMID: 29214066, PubMed Central PMCID: PMCPMC5696556.
4. Fartoukh M, Khoshnood B, Parrot A, Khalil A, Carette MF, Stoclin A, et al.

Early prediction of in-hospital mortality of patients with hemoptysis: an
approach to defining severe hemoptysis. Respiration. 2012;83(2):106-14.

Epub 2011/10/26. https://doi.org/10.1159/000331501. PubMed PMID:
22025193.

5. Mal H, Rullon I, Mellot F, Brugiere O, Sleiman C, Menu Y, et al. Immediate

and long-term results of bronchial artery embolization for life-threat-
ening hemoptysis. Chest. 1999;115(4):996-1001. Epub 1999/04/20.
https://doi.org/10.1378/chest.115.4.996. PubMed PMID: 10208199.

6. Panda A, Bhalla AS, Goyal A. Bronchial artery embolization in hemop-
tysis: a systematic review. Diagn Interv Radiol. 2017;23(4):307-17. Epub
2017/07/14. https://doi.org/10.5152/dir2017.16454. PubMed PMID:
28703105; PubMed Central PMCID: PMCPMC5508955.

7. Khalil A, Parrot A, Nedelcu C, Fartoukh M, Marsault C, Carette MF. Severe

hemoptysis of pulmonary arterial origin: signs and role of multidetec-
tor row CT angiography. Chest. 2008;133(1):212-9. Epub 2007/11/09.
https://doi.org/10.1378/chest.07-1159. PubMed PMID: 17989162.

8. Yoon W, Kim JK, Kim YH, Chung TW, Kang HK. Bronchial and nonbron-
chial systemic artery embolization for life-threatening hemoptysis:

10.

20.

21.

22.

23.

24.

25.

26.

Page 8 of 9

a comprehensive review. Radiographics. 2002;22(6):1395-409. Epub
2002/11/15. https://doi.org/10.1148/rg.226015180. PubMed PMID:
12432111,

Remy J, Voisin C, Dupuis C, Beguery P, Tonnel AB, Denies JL, et al.
Treatment of hemoptysis by embolization of the systemic circulation.
Ann Radiol (Paris). 1974;17(1):5-16 (Epub 1974/01/01 PubMed PMID:
4820232).

Remy J, Arnaud A, Fardou H, Giraud R, Voisin C. Treatment of hemoptysis
by embolization of bronchial arteries. Radiology. 1977;122(1):33-7. Epub
1977/01/01. https://doi.org/10.1148/122.1.33. PubMed PMID: 830351.

. Hayakawa K, Tanaka F, Torizuka T, Mitsumori M, Okuno Y, Matsui A, et al.

Bronchial artery embolization for hemoptysis: immediate and long-term
results. Cardiovasc Intervent Radiol. 1992;15(3):154-8; discussion 8-9.
Epub 1992/05/01. https://doi.org/10.1007/BF02735578. PubMed PMID:
1628281.

Kato A, Kudo S, Matsumoto K, Fukahori T, Shimizu T, Uchino A, et al.
Bronchial artery embolization for hemoptysis due to benign dis-

eases: immediate and long-term results. Cardiovasc Intervent Radiol.
2000;23(5):351-7. Epub 2000/11/04. https://doi.org/10.1007/5002700010
062. PubMed PMID: 11060364.

Bhalla A, Kandasamy D, Veedu P, Mohan A, Gamanagatti S. A retrospective
analysis of 334 cases of hemoptysis treated by bronchial artery emboliza-
tion. Oman Med J. 2015;30(2):119-28. Epub 2015/05/12. https://doi.org/
10.5001/0mj.2015.26. PubMed PMID: 25960838; PubMed Central PMCID:
PMCPM(C4412455.

Kervancioglu S, Bayram N, Gelebek Yilmaz F, Sanli M, Sirikci A. Radiological
findings and outcomes of bronchial artery embolization in cryptogenic
hemoptysis. J Korean Med Sci. 2015;30(5):591-7. Epub 2015/05/02.
https://doi.org/10.3346/jkms.2015.30.5.591. PubMed PMID: 25931790;
PubMed Central PMCID: PMCPMC4414643.

Larici AR, Franchi P, Occhipinti M, Contegiacomo A, del Ciello A,
Calandriello L, et al. Diagnosis and management of hemoptysis. Diagn
Interv Radiol. 2014;20(4):299-309. Epub 2014/05/09. https://doi.org/10.
5152/dir2014.13426. PubMed PMID: 24808437; PubMed Central PMCID:
PMCPMC4463269.

Wang X, Chen H. Guidelines on diagnosis and treatment of pulmonary
hypertension in China. Int J Respiration. 2022;42(5):355-9.

Zhang P. Guielines on diagnosis and treatment of lung tuberculosis.
Chinese J Tuberc Respir Diseases. 2001;24(2):70-4.

Liu G. Guidelines on the diagnosis and treatment of bronchiectasis.
Proceedings of the 14th Chinese Respiratory Physicians Forum, Chinese
Medical Doctor Association. 2015. p. 849-50.

Jean-Baptiste E. Clinical assessment and management of massive hem-
optysis. Crit Care Med. 2000;28(5):1642-7. Epub 2000/06/02. https://doi.
0rg/10.1097/00003246-200005000-00066. PubMed PMID: 10834728.
Ramakantan R, Bandekar VG, Gandhi MS, Aulakh BG, Deshmukh HL. Mas-
sive hemoptysis due to pulmonary tuberculosis: control with bronchial
artery embolization. Radiology. 1996;200(3):691-4. Epub 1996/09/01.
https://doi.org/10.1148/radiology.200.3.8756916. PubMed PMID:
8756916.

Wong ML, Szkup P, Hopley MJ. Percutaneous embolotherapy for life-
threatening hemoptysis. Chest. 2002;121(1):95-102. Epub 2002/01/18.
https://doi.org/10.1378/chest.121.1.95. PubMed PMID: 11796437.
Swanson KL, Johnson CM, Prakash UB, McKusick MA, Andrews JC,
Stanson AW. Bronchial artery embolization : experience with 54 patients.
Chest. 2002;121(3):789-95. Epub 2002/03/13. https://doi.org/10.1378/
chest.121.3.789. PubMed PMID: 11888961.

Melendez-torres J, Padua-y-Gabriel A, Velasco-Rodrigues V, Martinez-
Ordaz V, Sanchez-Cahral O, Cicero-Sabido R. Survival after bronchial artery
embolization in massive hemoptysis. J Bronchology. 2003;10:17-21.
Khoja A. Bronchial artery embolization: lifesaving therapy for hemoptysis.
JBronchology. 2003;10:22-9.

Frood R, Karthik S, Mirsadraee S, Clifton |, Flood K, McPherson SJ. Bronchial
Artery Embolisation for Massive Haemoptysis: Immediate and Long-Term
Outcomes-A Retrospective Study. Pulm Ther. 2020;6(1):107-17. Epub
2020/03/19. https://doi.org/10.1007/541030-020-00112-x. PubMed PMID:
32185642; PubMed Central PMCID: PMCPMC7229022.

Elhusseiny M, Abd-Elhafez S, Amer T, Ali Eid R, Abd-Elmaboud SL. Bron-
chial arterial embolization in management of hemoptysis: safety and
efficacy. Egyptian J Chest Dis and Tuber. 2017;66:723-8.


https://doi.org/10.1097/00000441-198711000-00003
https://doi.org/10.1016/j.crad.2011.03.001
https://doi.org/10.1016/j.crad.2011.03.001
https://doi.org/10.21037/jtd.2017.06.41
https://doi.org/10.1159/000331501
https://doi.org/10.1378/chest.115.4.996
https://doi.org/10.5152/dir.2017.16454
https://doi.org/10.1378/chest.07-1159
https://doi.org/10.1148/rg.226015180
https://doi.org/10.1148/122.1.33
https://doi.org/10.1007/BF02735578
https://doi.org/10.1007/s002700010062
https://doi.org/10.1007/s002700010062
https://doi.org/10.5001/omj.2015.26
https://doi.org/10.5001/omj.2015.26
https://doi.org/10.3346/jkms.2015.30.5.591
https://doi.org/10.5152/dir.2014.13426
https://doi.org/10.5152/dir.2014.13426
https://doi.org/10.1097/00003246-200005000-00066
https://doi.org/10.1097/00003246-200005000-00066
https://doi.org/10.1148/radiology.200.3.8756916
https://doi.org/10.1378/chest.121.1.95
https://doi.org/10.1378/chest.121.3.789
https://doi.org/10.1378/chest.121.3.789
https://doi.org/10.1007/s41030-020-00112-x

Li et al. BMC Pulmonary Medicine

27.

28.

29.

(2023) 23:87

Rabkin JE, Astafjev VI, Gothman LN, Grigorjev YG. Transcatheter embo-
lization in the management of pulmonary hemorrhage. Radiology.
1987;163(2):361-5. Epub 1987/05/01. https://doi.org/10.1148/radiology.
163.2.3562815. PubMed PMID: 3562815.

Cremaschi P, Nascimbene C, Vitulo P, Catanese C, Rota L, Barazzoni GC,

et al. Therapeutic embolization of bronchial artery: a successful treatment
in 209 cases of relapse hemoptysis. Angiology. 1993;44(4):295-9. Epub
1993/04/01. https://doi.org/10.1177/000331979304400405. PubMed
PMID: 8457080.

Uflacker R, Kaemmerer A, Picon PD, Rizzon CF, Neves CM, Oliveira ES, et al.
Bronchial artery embolization in the management of hemoptysis: techni-
cal aspects and long-term results. Radiology. 1985;157(3):637-44. Epub
1985/12/01. https://doi.org/10.1148/radiology.157.3.4059552. PubMed
PMID: 4059552.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1148/radiology.163.2.3562815
https://doi.org/10.1148/radiology.163.2.3562815
https://doi.org/10.1177/000331979304400405
https://doi.org/10.1148/radiology.157.3.4059552

	A retrospective study on the management of massive hemoptysis by bronchial artery embolization: risk factors associated with recurrence of hemoptysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Case selection
	Methods
	Evaluation on therapeutic outcome
	Statistical analysis

	Results
	Demographic characteristics of the patients
	Treatment and outcomes of massive hemoptysis by the BAE
	Factors affecting the outcome of the BAE

	Discussion
	Acknowledgements
	References


