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Abstract

Aim: Bronchial artery angiography with embolization has become a mainstay in the treatment of massive hemoptysis.
Whereas the immediate success rate is high, the reported long-term success rate varies widely among different groups.
We aimed to explore the long-term outcome and clinical predictors associated with recurrent bleeding following
bronchial artery embolization.

Methods: We reviewed the clinical characteristics, underlying etiologies, procedure details, and outcome of bronchial
artery embolization performed for massive hemoptysis between 1999 and 2012.

Results: All 52 consecutive patients treated by bronchial artery embolization during the study period were included.
The major etiologies of massive hemoptysis were bronchiectasis (mostly post-infectious) in 53.8%, and primary and
metastatic lung cancer in 30.8%. The immediate success rate was high (48/52; 92%). Of 45 patients who survived more
than 24 hours following bronchial artery embolization, recurrent bleeding did not occur in 19 (42.2%) during a median
follow-up period of 60 months (range 6—130 months). Bleeding recurred in 26 (57.7%); within 30 days in 15 (33.3%) and
after | month in the other || (24.4%). The average time to onset of early and late repeat bleeding was 2 and 506 days,
respectively. Idiopathic bronchiectasis and lung cancer were associated with a high likelihood of late bleeding recurrence.
Conclusions: Bronchial artery embolization is an effective immediate treatment for massive hemoptysis. Because the
bleeding recurrence rate is high in patients with lung cancer or idiopathic bronchiectasis, surgery should be considered in
these patients following initial stabilization by bronchial artery embolization. For other underlying etiologies, the
long-term outcome is excellent.
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Introduction . . : :
patients who are poor surgical candidates.”® Despite

Whereas hemoptysis is a common clinical scenario,
massive hemoptysis comprises only 1.5% of reported
cases.' > The definition of massive hemoptysis
ranges from 200 to 1000mL over a 24-h period, but
>300mL is the accepted definition of massive hemop-
tysis in most reports.* Following initial respiratory and
cardiovascular stabilization, surgery on an emergency
basis is usually indicated if the bleeding site is located
and if the clinical status of the patient and pulmonary
function tests permit a safe surgical intervention.®
Because the bronchial arteries are the major source of
bleeding in massive hemoptysis, bronchial artery angi-
ography and embolization (BAE) is increasing used as a
therapeutic alternative for hemoptysis control in

the high rate of immediate success in most studies, ran-
ging from 80% to 90%, data regarding long-term suc-
cess is spare, and the available results vary considerably
among groups, ranging between 25% and 85%.%'? The
main aim of this study was to investigate long-term
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outcomes of BAE in a cohort of consecutive patients
with massive hemoptysis. A secondary purpose was to
evaluate the prognostic factors associated with a high
likelihood of bleeding recurrence following BAE and
hence identify patients who might benefit from early
surgical intervention.

Patients and methods

In this retrospective investigation, we studied all con-
secutive patients treated in a 1000-bed tertiary care
medical center for massive hemoptysis between
January 1999 and January 2012. This study was con-
ducted in accordance with the requirements of the insti-
tutional review board for such a retrospective analysis
of medical records. Of 241 patients who presented with
hemoptysis, 52 underwent BAE in the interventional
radiology unit for massive hemoptysis. Twenty-nine
were male (55.8%), and the mean age was 55+ 18
years (range 25-80 years); 32 were inpatients and
20 were referred from other medical facilities. The clin-
ical and demographic data of the cohort are summar-
ized in Table 1.

Our conservative medical measures included hospi-
talization, cough suppression, supplemental oxygen,
blood transfusion when necessary, and continuous
monitoring of vital signs. Following initial stabilization
that included hemodynamic and respiratory support
and correction of diathesis abnormalities, all patients

Table I. Demographic and clinical characteristics of 52 patients
with hemoptysis treated by bronchial artery embolization.

Variable No. of patients

55+18
29/23 (55.8%/44.2%)
32/20 (61.5%/38.4%)

Age (years)
Male/female
Inpatient/referral

Bronchiectasis

Idiopathic 17 (32.7%)
Cystic fibrosis 8 (15.4%)
s/p Tuberculosis I (1.9%)
s/p Non-tuberculosis mycobacteria 2 (3.8%)
Cancer
Primary lung cancer 9 (17.3%)
Local invasion of thoracic cancer* 3 (5.8%)
Metastatic disease to lung 4 (7.7%)
Pulmonary hypertension, VSD, PS, s/p AVR 2 (3.8%)
Arteriovenous malformation 4 (7.7%)
Hereditary hemorrhagic telangiectasia I (1.9%)
Wegener granulomatosis I (1.9%)

*Other than lung cancer. AVR: aortic valve replacement; PS: pulmonary
stenosis; s/p: status post; VSD: ventricular septal defect.

underwent 16-slice multidetector row computed tomog-
raphy (Light Speed 16; GE Medical Systems,
Milwaukee, WI, USA). To identify the cause of bleed-
ing and the affected side, scans were initially carried out
without contrast and then with 100mL of nonionic
contrast medium containing iodine 370 mgmL ™'
(Iopamilon 370; Bayer, Leverkusen, Germany) admin-
istered into an antecubital vein to add information
about vascularization.” Based on multidetector row
computed tomography and fiberoptic bronchoscopy
findings, the bleeding site was confirmed in 52 patients.

A standardized BAE procedure was used.'>'® A 4 F
catheter was introduced into the femoral artery using
the Seldinger technique. Selective bronchial artery angi-
ography was performed and embolization was under-
taken when the bronchial arteries appeared to be the
source of hemoptysis (tortuous hypertrophy, extravasa-
tion of contrast material). Embolization was carried
out using micro-particles (Embozene; CeloNova,
San Antonio, TX, USA; Embosphere; Merit Medical,
South Jordan, UT, USA) or coils (Tornado; Cook
Medical, Bloomington, IN, USA).

Data regarding clinical characteristics, etiology of
hemoptysis, and follow-up was collected retrospect-
ively. For the purpose of this study, massive hemoptysis
was defined as expectoration of at least 300mL of
blood per 24 h or more than two episodes of moderate
hemoptysis (at least 30 mL) within a 24-h period, in
accordance with the definitions used by Mal and col-
leagues.® Immediate control of bleeding was defined as
immediate bleeding cessation without recurrence within
24h of BAE. Rebleeding, defined as recurrence of
bleeding after immediate control, was categorized
according to timing in relation to the initial procedure:
early-onset, within 1 month; late-onset, more than
1 month after BAE. Descriptive data are presented as
number and percentage unless otherwise specified.
Correlations between bleeding recurrence and clinical
factors were evaluated with Fisher’s exact test.
Survival curves of patients with and without stents
were evaluated and compared by plotting Kaplan-
Meier curves. Statistical analyses were performed
using MedCalc version 9.3.0.0 (MedCalc Software,
Ostend, Belgium).

Results

The major etiologies of massive hemoptysis were
bronchiectatic disease, cancer, and vascular malforma-
tion (Table 1). Of the 52 patients, 7 (13.4%) were intu-
bated and mechanically ventilated before BAE,
5 (9.6%) had noninvasive positive-pressure ventila-
tion, and 40 needed supplemental oxygen by a non-
rebreathing face mask (n=21) or nasal cannula
(n=19). Multidetector row computed tomography
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was performed in 49 patients and located the source of
bleeding in 45 (91.8%). Twenty-two patients underwent
fiberoptic bronchoscopy following initial stabilization,
which located the bleeding site in 12/22 (54.5%). In 10
patients, endoscopic measures to control bleeding were
attempted: cold saline instillation (z=38), and topical
adrenaline (n=2). Angiography demonstrated path-
ology in the right bronchial arteries in 71.2% of cases,
left bronchial arteries in 21.2%, and bilateral bronchial
arteries in 7.7%. Angiography revealed the source of
bleeding and identified the culprit vessel in all patients;
a representative case is shown in Figure 1. The BAE
procedures are listed in Table 2. Figure 2 displays the
outcome of patients included in the study. The immedi-
ate success rate of BAE was 92% (48/52 procedures). In
4 patients, the procedure failed to control bleeding: 2
died of asphyxia and uncontrolled bleeding, and 2
underwent successful emergency surgical resection of
the bleeding source (one pneumonectomy and one
right upper lobe lobectomy). Three (6.25%) patients
died of sepsis within 24 h of the procedure; the bleeding
had been successfully controlled by BAE in all of them.
Direct procedure-related complications of BAE
included 2/45 (4.4%) patients who developed transient
neurological events post-angiography, and 1/45 (2.2%)
who developed a tracheal fistula. Respiratory failure and
need for mechanical ventilation was observed in 5/45
(11.1%) patients, all of whom survived. Of 45 patients
who survived more than 24 h following BAE, rebleeding
did not occur in 19/45 (42.2%) in an extended median
follow-up period of 60 months (range 6130 months).

Figure |. Selective arteriography of the right intercostal
bronchial trunk in a 25-year-old man with cystic fibrosis and
bleeding bronchiectasis, demonstrating a torturous vessel and an
area of hypervascularity. The abnormal vessel was embolized
with 250—1300 micron particles (Embozene).

Bleeding recurred in 26 (57.7%) of the 45 patients in
whom the initial intervention was successful; within 30
days in 15 (33.3%), and more than a month after the
procedure in 11 (24.4%). The average time to early
rebleeding was 2 days (ranging from few hours post-
procedure to 15 days), whereas the average time to late
rebleeding was 506 days (range 60 days to 4.2 years;
Table 3). Ten (22.2%) patients needed an additional
angiographic procedure due to massive rebleeding
within an average of 10.2 months (range 2 weeks to 2
years) following the initial procedure. The second BAE
procedure was successful in 7 of these patients, and 3
underwent a surgical intervention (1 segmentectomy, 1
right upper lobectomy, and 1 left upper lobectomy).
During the entire follow-up period, 32/52 (61.5%)
patients died from underlying disease and/or massive
hemoptysis. Two patients died following failed BAE,
and one died following a surgical attempt to control
bleeding. Of the 48 patients who underwent successful
BAE, 3 died of sepsis within 24 h of the procedure. Of the
19 patients with long-term success, 7 died from their
underlying disease, mostly cancer. Of 26 patients with
rebleeding, 19 died during follow-up. According to the
Kaplan-Meier analysis, 75% of the recurrent cases
occurred within 1.5 years, and no cases recurred more
than 3 years after the initial BAE (Figure 3). Among the
potentially important predictors of late treatment fail-
ure, only lung cancer and idiopathic bronchiectasis were
found to be significantly associated with rebleeding
(Table 4).

Discussion

The major finding of our study was that BAE is a
highly effective modality for immediate control of mas-
sive hemoptysis, with acceptable long-term efficacy in
most patients. When the underlying etiology of bleed-
ing is lung cancer or idiopathic bronchiectasis, recur-
rent bleeding is common and hence BAE is merely a

Table 2. Bronchial artery embolization procedure in
52 patients with massive hemoptysis.

Bronchial artery embolized No. of patients

Bilateral 4 (7.7%)
Left bronchial artery I (21.2%)
Right bronchial artery 37 (71.2%)
Agent used for embolization
Embozene 19 (36.5%)
Embosphere 17 (32.6%)
Coils
Length of procedure (min) [range] 28 [21-40]
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l Patients with hemoptysis (241) \

Massive
hemoptysis (52)
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| |
Second Second
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| |
Dead (12) Dead(7)
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Table 3. Bronchial artery embolization outcome.

Outcome No. of patients
No bleeding recurrence 19 (36.5%)
Bleeding recurrence < 30 days of procedure 15 (28.8%)
Bleeding recurrence >30 days of procedure 13 (25.0%)
Death within 24 h of procedure 5 (9.6%)

temporary measure for stabilization prior to surgical
intervention. Worldwide, the most common cause of
hemoptysis remains active tuberculosis, whereas in
developed countries, hemoptysis most often results
from bronchiectasis or lung cancer.' In most cases,
the hemoptysis is mild and resolves with conservative
treatment. However, massive hemoptysis can cause
asphyxia leading to 10%—60% mortality.' > Conserva-
tive treatment for hemoptysis includes correcting
coagulation abnormalities, cardiovascular support,
and most importantly, protection of patent airways.
Bronchoscopy in mild or moderate hemoptysis is an
additional treatment option for performance of proced-
ures including iced saline instillation through a fiberop-
tic bronchoscope, topical medications such as
tranexamic acid, laser therapy, and electrocautery.®
The most effective approach to control massive hem-
optysis is surgical resection: segmentectomy, lobectomy
or pneumonectomy. However surgical intervention car-
ries a mortality rate of 18% when performed electively,
rising to 40% when performed on an emergency basis.®
Bronchial artery embolization, first described by Rémy

Dead(7)
Live(12)

Figure 2. lllustrated summery of study patients’ outcomes. BAE: bronchial artery embolization.

Mild-moderate
hemoptysis(189)
1 |
Failed Conservative
BAE (4) management

l_'l—l
l Death (2) I s“{ge"y

Dead (1)
Live (1)

gkl

and colleagues,” is an ideal first-line treatment for
poor surgical candidates. In addition, unlike surgical
resection, BAE often preserves pulmonary function.
According to our results based on a large cohort
of patients, the immediate success rate of BAE in
controlling massive hemoptysis was high (90%) and
similar to that in previous reports.®'" Recurrent
bleeding following successful BAE may result from
recanalization of embolized vessels, collateral circula-
tion that feeds the bleeding lesion, and underlying dis-
ease progression.'* 2!

The major strength of the current report is the long-
term data obtained over a median follow-up of more
than 5 years, which enabled us to assess the incidence of
both short-term and delayed bleeding events. The early
and late rebleeding rates in our study were slightly
higher than previously reported. For example, Racils
and colleagues'' noted a short-term (up to 30 days
post-procedure) rebleeding rate of only 17.4%. Kim
and colleagues® investigated the long-term efficacy of
BAE and the factors associated with failure to control
bleeding in an Asian setting with a high prevalence of
tuberculosis; among 118 patients, 32 (27.1%) had
rebleeding. The recurrence of bleeding in our cohort
was 31.2% in the first 30 days after the procedure,
and 22.9% at more than a month following the proced-
ure. A possible explanation for the observed high rate
of early rebleeding in our study is that more than a
third of the patients had been referred following treat-
ment failure in other facilities, because our medical
center operates as a tertiary care referral hospital.
Consequently, the early recurrence rate in these
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Hemoptysis control rate obtained by bronchial artery
embolism (Follow up median 60 months)
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Figure 3. Cumulative hemoptysis control rate in 52 patients who underwent bronchial artery embolization, calculated by the

Kaplan-Meier method.

Table 4. Clinical characteristics of patients treated by bronchial
artery embolization, with and without recurrence of bleeding.

No

Variable Bleeding  bleeding  p value
Age >65 years 32 20 0.2932
Idiopathic bronchiectasis 14 0.0169
Cystic fibrosis bronchiectasis 3 0.3241
Cancer

Primary lung cancer 8 | 0.0245

Local invasion of cancer* 2 | 0.4231

Metastatic disease to lung 2 2 0.5732
Arteriovenous malformation 3 | 0.0728

*Other than lung cancer.

refractory cases would be expected to be higher than in
other series.

In a study conducted more than 15 years ago,
Hirshberg and colleagues' assessed the etiology, evalu-
ation, and outcome of 208 patients with hemoptysis in a
tertiary referral hospital. They found that the most
common causes of hemoptysis included bronchiectasis
(20%), lung cancer (19%), and bronchitis (18%). Mal
and colleagues® demonstrated that cancer-related hem-
optysis had the highest failure rate and the worst long-
term results. According to most of the studies to date,
in cancer-related hemoptysis, BAE is most successful as
a temporary measure prior to surgical resection.®!?
The results we obtained are in accordance with these
observations. We demonstrated that lung cancer was
associated with a significantly higher likelihood of late
bleeding recurrence. In patients with primary and meta-
static lung cancer, the vasculature is disrupted due to

the malignant process and local invasion, thus it is
expected that collateral arteries will cause recurrent
bleeding even after the culprit artery has been embo-
lized. Patients with idiopathic bronchiectasis were
found to be at a significantly higher risk of rebleeding
following successful BAE, and should also be offered
surgical intervention to prevent late occurrence of life-
threatening hemoptysis. Seven (13.4%) of our patients
required a surgical intervention for massive hemoptysis
that was not controlled by BAE. Because of poor pul-
monary reserve and other comorbidities, many patients
with massive hemoptysis are not surgical candidates. In
patients who are potential surgical candidates, BAE is
effective in preparing them for semielective rather than
high-risk emergency surgery.”'

The major limitation of the current study is that the
results and conclusions were derived from a retrospect-
ive analysis of data from a single center. Our conclu-
sions should be verified by prospective randomized
multicenter studies which are unfortunately difficult to
conduct. We consider that BAE is an acceptable imme-
diate treatment for massive hemoptysis as a substitute
for surgery in poor surgical candidates. Because the
bleeding recurrence rate is relatively high, especially in
patients with lung cancer and idiopathic bronchiectasis,
surgery should be considered in selected patients fol-
lowing initial stabilization by BAE. Following success-
ful BAE, if rebleeding does not occur within the first
3 years, the long-term prognosis is excellent.
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