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Abstract

Objective To compare the safety and effectiveness
between bronchial artery embolisation (BAE) and conser-
vative treatment for bronchiectasis-related nonmassive
haemoptysis patients.

Materials and Methods From January 2015 to December
2020, consecutive bronchiectasis-related nonmassive
haemoptysis patients who underwent either BAE (n = 98)
or conservative treatment (n = 118) were included. Treat-
ment-related complications, length of hospital stays, clin-
ical success rate, patient satisfaction, and recurrence-free
survival rates were compared between groups. Prognostic
factors related to recurrence were also analysed.

Results During a median follow-up time of 44.8 months
(range, 2.4-83.6 months), 34 and 66 patients in the BAE
and conservative treatment groups suffered relapse. The
1-year, 2-year, 3-year and 5-year haemoptysis-free survival
rates in the BAE and conservative treatment groups were
79.2%, 68.1%, 62.8%, and 57.6% and 64.0%, 52.8%,
44.1%, and 37.0%, respectively (P = 0.007). The minor
complication rate after BAE was higher than that after
conservative treatment (23/98 vs. 12/118, P = 0.008). BAE
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was associated with shorter hospital stays (5.0 vs. 7.0 days,
P =0.042) and higher patient satisfaction (88.8% vs.
74.6%, P = 0.008) than those for conservative treatment
and with comparable clinical success rates (95.9% vs.
91.5%, P = 0.192). Treatment type, haemoptysis duration,
and bronchiectasis severity were independently significant
predictors of recurrence for these patients.

Conclusions BAE could be another option for bronchiec-
tasis-related nonmassive haemoptysis patients. In the
patients with longer duration and more severe bronchiec-
tasis, BAE still appeared to have better long-term
haemoptysis control than conservative therapy.
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Introduction

Bronchiectasis refers to a chronic respiratory disease
characterised by permanent bronchial dilatation [1]. Over
half of bronchiectasis patients present without a definite
cause and are then defined as having idiopathic disease
[2, 3]. The long-term outcomes of these patients depend on
various accompanying symptoms, e.g. haemoptysis, chest
discomfort and tiredness [4]. Haemoptysis tends to recur
with an incidence of approximately 40% [5, 6], which
requires adequate assessment and effective treatment.

The widely used definition of massive haemoptysis is
bleeding over 300 mL/24 h resulting in cardiorespiratory
failure [7, 8]. Conversely, nonmassive haemoptysis
includes mild and moderate haemoptysis. Bronchial artery
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embolisation (BAE) is recommended as an effective
haemostasis procedure [9, 10] and is widely used for
massive haemoptysis [11-14]. In contrast, nonmassive
haemoptysis is considered an indication for conservative
treatment.

Nevertheless, periodically recurrent haemoptysis and
declining psychological status after each conservative
treatment have become inevitable complaints among these
patients [15]. Inadvertently, some studies have indicated
that early BAE had the potential to reduce recurrence and
improve quality of life (QoL) for these patients [15-17].
However, the prognosis and long-term outcome of BAE for
these nonmassive haemoptysis patients still need to be
confirmed.

Hence, we conducted this single-centre retrospective
study to compare the effectiveness and safety between
BAE and conservative treatment for these bronchiectasis-
related nonmassive haemoptysis patients. The prognostic
factors related to recurrence were also analysed.

Materials and Methods

This single-centre retrospective study was approved by the
local institutional ethics review board. Ethics Committee
discussed and determined that the requirement for
informed consent from the patients was waived due to the
retrospective nature. All procedures performed in this study
were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the
1964 Helsinki Declaration and its later amendments or
comparable ethical standards. The data analysed in this
study are available upon reasonable request for coopera-
tion, secondary analysis, or further exploration.

Study Participants

From January 2015 to December 2020, 422 consecutive
adult patients aged 18 years or over with haemoptysis due
to bronchiectasis presented in our institution. Among them,
the medical records of 412 patients undergoing either BAE
(n = 218) or conservative treatment (n = 194) were quer-
ied in this study. Ultimately, 98 patients undergoing BAE
and 118 patients with conservative treatment were enrolled
in this study. Detailed in/exclusion criteria are displayed in
Fig. 1. In this study, there were overlapping population
with our previous researches (64 patients diagnosed as
nonmassive haemoptysis and 42 patients suffering frequent
haemoptysis, respectively) [18, 19]. After admission, chest
radiography, complete blood cell counts, and coagulation
tests were completed for all patients. Bronchiectasis was
diagnosed on the basis of (a) clinical symptoms, productive
cough, mucopurulent sputum and protracted respiratory
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infections [1, 4], and (b) radiological findings, permanent
dilatation of the bronchia, with cross-sectional inner
diameter larger than that of the concomitant artery (inner
airway-artery ratio > 1.0) on computed tomography (CT)
imaging [20]. The severity of idiopathic bronchiectasis was
assessed by the bronchiectasis radiologically indexed CT
score (BRICS) [21], which was developed from bronchial
dilatation and the number of segments with emphysema.
The score ranges from 0 to 5 (0 points: absent, 1 point:
mild, 2-3 points: moderate, and 4-5 points: severe).
Thickness > 3 mm was the diagnostic criterion for pleural
thickening [22]. Lung destruction is considered irreversible
parenchymal damage characterised by extensive adhesions,
cavities and lung volume loss [23].

Conservative Treatment

There was a multidisciplinary team for haemoptysis man-
agement in our institution, including the Emergency,
Radiology, Respiratory Medicine, Interventional Radiol-
ogy, Thoracic Surgery, and Rehabilitation Departments.
Vital sign monitoring, airway stabilisation, correction of
hypoxemia, haemostasis medicine, nebulised treatment,
and antibiotic therapy were standard conservative therapies
for each patient. Antihaemorrhagic drugs included car-
bazochrome sodium sulphonate, pituitrin and phento-
lamine. Patients were initially prescribed empirical
antibiotics that were then adjusted according to culture
results. Subsequent oral antibiotics were prescribed for
another week after discharge.

Arterial Embolisation Procedures

The decision of embolisation was based on invalid con-
servative treatment and possibility of benefit from BAE
according to the positive signs on CT angiography (CTA)
findings, plus informed consent of patients. The parameters
of CTA included injecting dose of 50-60 mL, rate of
4.0 mL/s, and slice thickness of 1.25 mm. The culprit
vessels on CTA were identified upon hypertrophy, hyper-
vascularity, tortuosity, and aneurysmal formation of the
culprit artery. We searched bronchial arteries from the
proximal descending thoracic aorta and non-bronchial
systemic arteries (NBSAs) were also evaluated according
to the location of lung lesion. According to CTA findings, a
SF angiographic catheter (Cobra, RLG, MIK; Cook, USA)
was used to select the bronchial artery and NBSAs via the
femoral artery approach. The culprit vessels were identified
upon hypertrophy, hypervascularity, systemic arterial-pul-
monary circulation shunts (SPSs), or contrast extravasation
[9]. After angiography, a microcatheter (2.7F; Terumo,
Tokyo, Japan; or 2.4F; Merit Maestro, Utah, USA) was
introduced coaxially and advanced as distally as possible to
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Fig. 1 Flowchart of patient
selection
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bronchiectasis (n=422)
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prevent ectopic embolisation. The agent for embolisation
included polyvinyl alcohol (PVA) particles (300-500 pm;
Cook, USA), microspheres (300-500 pm, 500-700 pm,
Merit Maestro) and gelatin sponge particles (350-560 pm;
Hangzhou Alicon Pharmaceutical Co., Ltd., Zhejiang,
China). Some cases were embolised with additional
microcoil (Cook, USA). Technical success of BAE was
defined as complete occlusion of all culprit vessels during a
single procedure [24]. Angiographic data, including the
number and diameter of culprit bronchial arteries, the
presence of NBSAs and SPSs, and embolisation materials,
were recorded.

Follow-Up and Treatment Assessment

Outpatient clinic follow-up was scheduled at the first
month after discharge. Subsequently, patients were fol-
lowed up by telephone interview once every 6 months for
the first 2 years and then once per year for patients without
recurrence. The end date of follow-up was July 2021 or the
date of death. Follow-up contents were the general condi-
tions of patients, patient satisfaction with treatment, details
of recurrence (date, bleeding volume, and treatment mea-
sures) and healthy lifestyle education. During the first
follow-up, patient satisfaction was evaluated by a stan-
dardised questionnaire (Supplemental Table 1), which was
referred to The St. George’s Respiratory Questionnaire
[25], but simplified and advised. Recurrence was defined as
relapse during follow-up requiring unscheduled admission
for haemoptysis, including conservative treatment, BAE,
surgical treatment, or death. Compared with the volume of

!

Conservative treatment

(n=118)

haemoptysis before treatment, recurrence was semiquanti-
tatively divided into three categories: deterioration, simi-
larity, and improvement. Patients who suffered
haemoptysis recurrence or bronchiectasis aggravation were
referred to the outpatient clinic for further evaluation and
treatment. We also prescribed low-dose macrolides to
patients to control pulmonary infections.

Treatment assessment included treatment complications,
length of hospital stays, clinical success, recurrence-free
survival time, and patient satisfaction. Complications were
graded according to the CIRSE classification [24]. Clinical
success reflected the resolution of haemoptysis within
30 days after treatment [26]. Recurrence-free time was the
period from the date of discharge to the date of recurrence,
death, or last follow-up. Variables in the analysis of
prognostic factors included age, sex, haemoptysis duration,
smoking, hypertension, white blood cell (WBC) count,
neutrophil ratio (NE%), platelet counts (PLT), prothrombin
time (PT), activated partial thromboplastin time (APTT),
bronchiectasis severity, pleural thickening presence, lung
destruction, and treatment type.

Statistical Analysis

Continuous variables were reported as either the
mean =+ standard deviation (SD) or median with
interquartile range (IQR), as appropriate. Categorical
variables are presented as counts with percentages. Base-
line characteristics of patients in the two groups were
compared, the y2 test or Fisher’s exact test for categorical
variables and the t test or Wilcoxon test for continuous
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Table 1 Baseline

Parameters BAE treatment(n = 98)  Conservative treatment(n = 118) P value
characteristics of the study
population Age (years) 58.5 £ 12.5 59.1 + 144 0.741
Sex 0.069
Female 41 (41.8%) 54 (45.8%)
Male 57 (58.2%) 64 (54.2%)
Haemoptysis duration (months) < 0.001
>6 51 (52.0%) 33 (28.0%)
<6 47 (48.0%) 85 (72.0%)
Smoking 27 (27.6%) 31 (26.3%) 0.833
Hypertension 22 (22.4%) 38 (32.2%) 0.111
WBC (x 10%/L)* 7.6 (6.0-9.9) 6.2 (5.0-7.9) < 0.001
NE % 71.0 £ 12.5 65.3 £ 11.7 0.001
PLT (x 10°/L)* 174 (145-221) 191 (156-235) 0.082
PT (second)* 12.1 (11.5-12.8) 12.1 (11.7-12.7) 0.929
APTT (second)* 27.5 (25.9-29.2) 28.0 (25.6-29.9) 0.682
Bronchiectasis severity 0.001
Mild 4 (4.1%) 25 (21.2%)
Moderate 61 (62.2%) 72 (61.0%)
Severe 33 (33.7%) 21 (17.8%)
Pleural thickening presence 60 (61.2%) 59 (50.0%) 0.099
Lung destruction 10 (10.2%) 10 (8.5%) 0.662

WBC white blood cell; NE % neutrophil ratio; PLT platelet; PT prothrombin time; APTT activated partial
thromboplastin time. *Data are medians, and numbers in parentheses are interquartile ranges

variables. Time-to-recurrence curves were plotted by the
Kaplan—Meier method and compared using the log-rank
test. Prognostic factors for recurrence were analysed with
univariate and multivariate Cox proportional hazards
models. Statistical analysis was performed by using SPSS
(Statistical Package for the Social Sciences, version 22.0,
Armonk, NY, USA). A two-tailed P value < 0.05 was
considered statistically significant.

Results
Characteristics of the Study Participants

The baseline characteristics of the study population are
summarised in Table 1. Patients in the BAE group had a
longer haemoptysis duration (P < 0.001), higher inflam-
mation indicator levels (WBC: P < 0.001; NE%:
P =0.001), and more severe bronchiectasis (P = 0.001)
than those in the conservative treatment group.

Conservative Treatment and BAE
In total, all the patients received antibiotics with nebuliser

treatments until discharge. The application of antibiotics
after admission was as follows: third-generation
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cephalosporins and/or quinolones (n = 160), third-genera-
tion cephalosporins and azithromycin (n = 21), penicillins
and/or quinolones (n = 45). Then, antibiotics were upgra-
ded to carbapenems in 22 patients and adjusted to anti-
fungal drugs in 3 patients. In addition, twenty-seven
(12.5%) patients underwent bronchoscopy during
hospitalisation.

Two hundred thirty-seven culprit arteries for a median
of 2 arteries per-patient (range, 1-5), including 217 bron-
chial arteries and 20 NBSAs, were identified and embolised
during the procedures. The technical success rate was
100%. The mean diameters of culprit bronchial arteries and
NBSAs were 2.9 = 1.1 mm and 3.3 &+ 1.0 mm, respec-
tively. SPSs were observed in 40 (40.8%) patients.
Embolisation materials were PVA particles in 94 patients,
microspheres in 2 patients and gelatin sponge particles in 2
patients. Microcoils were additionally used for the high-
level shunts (n = 4) and aneurysmal dilatation of the culprit
arteries (n = 2).

Treatment Assessments

In the BAE group, complications of Grade 2 included chest
or shoulder pain (n = 13), fever (n = 6), abdominal pain
(n = 3) and complications of Grade 3 included puncture
site discomfort (n = 1). While stomach discomfort (n = 4),
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pruritus (n = 3), mild nausea (n = 3) and dizziness (n = 2)
were observed in the conservative treatment group. The
complication rate was higher in the BAE group than in the
conservative treatment group (23/98 vs. 12/118,
P = 0.008). In addition, compared with those with con-
servative therapy, a higher patient satisfaction rate (88.8%
vs. 74.6%, P = 0.008), shorter hospital stays (5.0 days;
IQR: 4.0-7.0 days vs. 7.0 days; IQR: 5.0-9.0 days,
P =0.042), and comparable clinical success rate (95.9%
vs. 91.5%, P = 0.192) were also obtained with BAE. Here,
patient satisfaction was evaluated by five questions in the
questionnaire, all “yes” represented that this patient was
satisfied with the treatment.

During a median follow-up period of 44.8 months
(range, 2.4-83.6 months), 34 (34.7%) patients in the BAE
group and 66 (55.9%) patients in the conservative treat-
ment group experienced recurrent haemoptysis. The
1-year, 2-year, 3-year and 5-year haemoptysis-free survival
rates of the BAE and conservative treatment groups were
79.2%, 68.1%, 62.8%, and 57.6% and 64.0%, 52.8%,
44.1%, and 37.0%, respectively (P =0.007) (Fig. 2).
Comparing the volume of haemoptysis before treatment,
the relapse severity was divided into deterioration (n = 5,
14.7%), similarity (n =9, 26.5%), and improvement
(n =20, 58.8%) in the BAE group, with n = 13 (19.7%),
n =43 (65.2%), and n = 10 (15.1%) in the conservative
treatment group. Treatments or outcomes for recurrence in
the conservative treatment group included medical therapy
(n =58, 87.9%), BAE (n=15, 7.6%), segmentectomy
(n =2, 3.0%), and death due to haemoptysis (n = 1, 1.5%).
In the BAE group, 19 (55.9%) patients received medical
therapy, 13 (38.2%) patients underwent repeated BAE, 1
(2.9%) patient underwent segmentectomy, and 1 (2.9%)
patient died of haemoptysis. The reasons for recurrence
who receiving repeated BAE were missed culprit arteries

(n=1, 7.7%), new collateral artery formation (n =15,
38.5%) and recanalisation (n = 7, 53.8%).

Univariate and multivariate analyses of predictors rela-
ted to recurrence are shown in Table 2. Univariate analysis
showed that the haemoptysis duration, bronchiectasis
severity, lung destruction, and treatment type were statis-
tically significant factors associated with recurrence. Then,
multivariate analysis revealed that the duration of
haemoptysis, bronchiectasis severity, and treatment type
were independently significant prognostic factors of
recurrence for these patients (all P < 0.001).

Discussion

Given the possibility of periodically recurrent haemoptysis
and declining psychological status [15], we conducted this
retrospective comparative study, and the results showed
that the BAE could offer a superior long-term outcome and
provide an alternative treatment modality for bronchiecta-
sis-related nonmassive haemoptysis patients.

For nonmassive haemoptysis patients, the concerns
regarding the BAE procedure were feasibility and safety.
First, with the guidance of preoperative CTA, we could
precisely identify and locate each culprit vessel. The
technical success of embolisation was 100%, which also
confirmed the feasibility, as reported [7, 9, 16, 17]. Second,
in terms of safety, although the complication rate of the
BAE procedure was higher than that of conservative
treatment, complications were manageable and did not
delay discharge. In contrast, the rapid and effective
haemostasis accompanied by the BAE procedure reduced
the length of hospital stays compared with those of the
conservative treatment group in our study. Thus, BAE was
also feasible and safe for such a specific population.
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Table 2 Univariate and multivariate analysis of predictors for recurrence of nonmassive haemoptysis due to bronchiectasis

Variables Univariate Multivariate
HR (95% CI) P value HR (95% CI) P value

Age 1.00 (0.99-1.02) 0.587

Sex female/male 1.36 (0.92-2.01) 0.128

Haemoptysis duration (months) > 6/ < 6 2.53 (1.70-3.76) < 0.001 3.12 (2.04-4.78) < 0.001

Smoking yes/no 0.69 (0.43-1.12) 0.131

Hypertension yes/no 0.95 (0.61-1.48) 0.825

WBC 0.94 (0.87-1.02) 0.133

NE (%) 0.99 (0.98-1.01) 0.343

PLT 0.99 (0.99-1.00) 0.133

PT 0.97 (0.82-1.13) 0.668

APTT 0.99 (0.95-1.02) 0.386

Bronchiectasis severity 0.001 < 0.001
Severe 3.84 (1.76-8.37) 0.001 5.33 (2.37-11.99) < 0.001
Moderate 2.00 (0.96-4.18) 0.066 2.34 (1.11-4.94) 0.026
Mild Reference Reference

Pleural thickening yes/no 1.48 (0.99-2.21) 0.054

Lung destruction yes/no 2.15 (1.15-4.03) 0.017

Treatment type conservative/BAE treatment 1.77 (1.17-2.68) 0.007 3.45 (2.19-5.43) < 0.001

CI confidence interval; HR hazard ratio; WBC white blood cell; NE % neutrophil ratio; PLT platelet; PT prothrombin time; APTT activated partial

thromboplastin time; BAE bronchial artery embolisation

Recurrence after successful BAE remains an
inevitable problem and occurs in approximately 30% of
patients [17, 27-29]. In this study, the comparison of
baseline characteristics revealed that patients in the BAE
group had the disadvantage of a longer haemoptysis
duration and suffered more severe infections and
bronchiectasis. However, the results still showed that BAE
maintained a better long-term outcome than conservative
therapy alone, embodied in fewer recurrent events,
decreased recurrent haemoptysis severity and higher
patient satisfaction. In practice, bronchial arteries and
NBSAs are frequent sources of haemoptysis [7-9].
Although BAE is considered a palliative and symptomatic
treatment, it can occlude the source of bleeding, destroy
abnormal vascular remodelling and postpone haemoptysis
progression. In contrast, the development of new fragile
bronchial vasculature and the remodelling of existing
vessels are promoted continuously by chronic inflammation
in bronchiectasis patients treated conservatively [30]. And
SPSs around bronchus open pathologically to compensate
for decreased lung perfusion, which also induce arterial
hypertrophy [31]. Under systemic arterial pressure, these
hypertrophic and tortuous bronchial arteries or NBSAs and
SPSs may become prominent and prone to rupture.
Therefore, BAE is superior to conservative treatment in
reducing the recurrence probability of nonmassive
haemoptysis. A Cox proportional hazards model was
applied to adjust the differences between the two groups
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and further confirmed that BAE was a protective factor for
long-term haemoptysis-free survival time for these patients
(P < 0.001).

Aside from the choice of treatment type, the duration of
haemoptysis and bronchiectasis severity was also related to
recurrence in this study. The pathophysiological process of
bronchiectasis is persistent and progressive, including
infections, dysregulated inflammatory responses, impaired
mucociliary clearance, and airway dysfunction [1, 32]. In
the majority of patients, the progression of bronchiectasis
was accompanied by the exacerbation of chronic inflam-
mation and induced recurrent haemoptysis [15]. Therefore,
after BAE procedure, patients should receive subsequent
conservative treatment, including regular follow-up, med-
ication guidance, and healthy lifestyle education, to max-
imally reduce pulmonary exacerbations.

There were several limitations of this study. First, this
study was a retrospective design based on data from a
single centre, which inevitably caused bias. Second, our
study focused on these patients with haemoptysis due to
idiopathic bronchiectasis. Therefore, the reliability and
universality of the conclusion may be restricted regarding
bronchiectasis caused by other aetiologies. Third, given the
compliance of patients during follow-up, the assessment of
QoL was simplified.

In conclusion, BAE could be another option for
bronchiectasis-related nonmassive haemoptysis patients. In
the patients with longer duration and more severe
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bronchiectasis, BAE still appeared to have better long-term
haemoptysis control, shorter hospital stays, and higher
patient satisfaction than conservative therapy.
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