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ABSTRACT
Objective: Massive hemoptysis is one of the most serious complications in patients with 
cystic fibrosis (CF). This study aimed to evaluate the hemoptysis-free period following 
bronchial and non-bronchial artery embolization (BAE/non-BAE) in CF patients and to 
investigate predictors of recurrent bleeding and mortality by any cause. Methods: This 
was a retrospective cohort study of CF patients ≥ 16 years of age undergoing BAE/
non-BAE for hemoptysis between 2000 and 2017. Results: We analyzed 39 hemoptysis 
episodes treated with BAE/non-BAE in 17 CF patients. Hemoptysis recurrence rate was 
56.4%. Of the sample as a whole, 3 (17.6%) were hemoptysis-free during the study 
period, 2 (11.8%) underwent lung transplantation, and 3 (17.6%) died. The median 
hemoptysis-free period was 17 months. The median hemoptysis-free period was longer 
in patients with chronic infection with Pseudomonas aeruginosa (31 months; 95% CI: 
0.00-68.5) than in those without that type of infection (4 months; 95% CI: 1.8-6.2; p = 
0.017). However, this association was considered weak, and its clinical significance was 
uncertain due to the small number of patients without that infection. Conclusions: BAE 
appears to be effective in the treatment of hemoptysis in patients with CF.
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INTRODUCTION

Cystic fibrosis (CF) is a recessive genetic disease that 
mostly affects Whites and predominantly involves the 
lungs by impairing mucociliary clearance of airways.(1,2) 
This results in inflammation and chronic infection, leading 
to progressive obstructive lung disease, bronchiectasis, 
and recurrent respiratory infections.(3,4) One of the most 
serious complications in patients with CF is massive 
hemoptysis, present in approximately 4.1% of CF patients 
in their lifetime, with an average annual incidence of 
nearly 1%.(5) Bronchial artery embolization (BAE) is 
the current recommended treatment for patients with 
massive hemoptysis.(6)

The pathogenesis of hemoptysis is multifactorial. (7) 
Chronic inflammation and hypoxia have potential 
proliferative effects on bronchial circulation.(8) Arteries 
become tortuous, enlarged, and friable, favoring bleeding 
to the airways. Although there are risk factors for 
massive hemoptysis, such as advanced age, impairment 
of pulmonary function, and chronic infection with 
Staphylococcus aureus, the condition is often associated 
with airway infection and acute pulmonary exacerbation. (5) 
Therapeutic approaches depend on hemoptysis volume 
and patient health status. Management of hemoptysis 
includes conservative medical treatment and BAE/non-
BAE; surgery is the final treatment option.(8)

The choice of treatment largely depends on the severity 
and urgency of the clinical conditions. The quantity of 
hemoptysis has been defined as scant (< 5 mL), mild-to-
moderate (5–240 mL), and massive (> 240 mL). (6) Other 
authors consider that hemoptysis is massive when bleeding 
is > 240 mL/day or > 100 mL/day for several days.(5,9) An 
unequivocal indication for arterial embolization is massive 
hemoptysis together with clinical instability. In addition, 
patients who present with massive hemoptysis, become 
clinically stable, and no longer cough up blood should 
always be treated with BAE.(6) More recently, however, 
embolization of bronchial and non-bronchial arteries has 
been recommended in patients presenting with smaller 
hemoptysis volumes, decreased lung capacity, and difficulty 
to maintain airway patency. (10,11) This procedure is also 
recommended in patients with recurrent hemoptysis 
when their bronchial hygiene, respiratory physiotherapy, 
and lifestyles are compromised. (12,13) Bronchoscopy is not 
part of the routine approach prior to definitive treatment 
with embolization. However, chest angiotomography 
may be helpful in providing a thorough understanding 
of the anatomy and bleeding sites of bronchial arteries 
and non-bronchial collaterals, making embolization more 
effective.(14)

BAE for hemoptysis control was first described by Remy 
et al. in 1974.(15) Since then, several publications have 
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suggested different strategies for the treatment of 
hemoptysis with embolization, whose main purpose 
is to block the blood flow from the artery causing the 
bleeding. The success rate in controlling hemoptysis 
with embolization has increased in recent years due 
to improvements in embolic materials and catheter 
technology.(16,17) Arterial embolization has been 
particularly effective in patients with CF. In these 
patients, immediate control of hemoptysis has been 
achieved in over 90% of the cases.(12,18) However, 
recurrent bleeding after arterial embolization is a 
well-known complication, affecting 18% and 21% of 
the patients at 30 days and at 1 year, respectively,(17) 
illustrating a limitation of this technique in mid- and 
long-term outcomes.

The objective of the present study was to evaluate 
the hemoptysis-free period following BAE/non-BAE 
in CF patients, as well as to investigate predictors of 
recurrent bleeding and mortality by any cause.

METHODS 

This was a retrospective cohort study including 
CF patients ≥ 16 years of age admitted to the Porto 
Alegre Hospital de Clínicas (HCPA), located in the city 
of Porto Alegre, Brazil, due to massive hemoptysis 
(> 240 mL/day or > 100 mL/day for 3 or more days) 
and submitted to BAE/non-BAE between January 1st, 
2000 and December 31st, 2017. The clinical diagnosis 
of CF fulfilled the Cystic Fibrosis Foundation consensus 
criteria. (19) Data were obtained by reviewing the 
electronic records of the patients.

Data on the following variables were collected at 
the study entry date in the study: sex; ethnicity; age; 
presence of F508del mutation; BMI; spirometry results; 
six-minute walk distance; use of inhaled medications; 
use of azithromycin; pulmonary artery systolic pressure 
(estimated by Doppler echocardiography); liver 
transplantation; and presence of chronic respiratory 
bacterial infections, CF-related diabetes, pancreatic 
insufficiency, liver disease, previous pneumothorax, 
previous hemoptysis without BAE, and previous allergic 
bronchopulmonary aspergillosis. Spirometry records 
were obtained at the HCPA Pulmonary Physiology Unit, 
and FEV1, FVC, and the FEV1/FVC ratio were expressed 
in liters and in percentages of predicted values for 
sex, age, and height.(20) Prothrombin time, activated 
partial thromboplastin time, and platelet count were 
also collected at the time of bleeding. Chronic bacterial 
infections with Pseudomonas aeruginosa, Burkholderia 
cepacia complex, or S. aureus were defined as patients 
having three or more positive isolates of these bacteria 
during the previous 12 months.

All of the patients underwent BAE/non-BAE performed 
by an interventional radiologist for hemoptysis 
treatment. The Seldinger technique(21) was used 
for vascular access via femoral artery, followed by 
selective catheterization of bronchial arteries. In this 
procedure, a 2.8-F coaxial microcatheter was used for 
superselective catheterization, and polyvinyl alcohol 

particles, ranging from 300-500 µ and 500-700 
µ, were used for superselective embolization. All 
abnormal vessels supplying the area of interest were 
embolized if technically possible. Non-bronchial systemic 
arterial collateral supply from intercostal, phrenic, 
internal mammary, and subclavian arteries was also 
approached. The total number of specific arteries that 
received embolization was reviewed in the electronic 
medical records. In addition, anomalous bronchial 
artery diameter (≥ 4 mm), anomalous extrabronchial 
circulation, and previous embolization were recorded, 
as were complications and adverse effects.

The present study was approved by the Research Ethics 
Committee of the HCPA (Protocol no. 18-0297) and 
Plataforma Brasil (Protocol no. 64430516.0.0000.5327) 
and was in accordance with international and national 
standards for clinical studies in humans (Declaration 
of Helsinki and Brazilian governmental regulation–
Plataforma Brasil). Informed consent was waived by 
the Research Ethics Committee of the HCPA because 
of the retrospective nature of the study. The authors 
signed a commitment to privacy and personal data 
protection statement.

Statistical analysis
The collected data were processed using the IBM 

SPSS Statistics software package, version 20.0 (IBM 
Corporation, Armonk, NY, USA). A descriptive analysis 
was carried out for demographic characteristics and 
other variables of interest. The Kaplan-Meier method 
was used for plotting bleeding-free intervals and 
survival over time.

Data were analyzed from the date of patient inclusion 
(study entry date), that is, when the patient first 
underwent BAE. Outcomes were evaluated until March 
of 2018, which was defined as the study closing date. 
Patients who underwent lung transplantation or died 
along the study period were censored on the date of 
the event.

Cox proportional hazards regression was used in order 
to identify risk factors for repeat massive hemoptysis 
events and to determine the association between the 
baseline characteristics of the patients and outcomes. 
Two-tailed statistical tests were used, and significance 
was set at 5%. On the basis of two previous studies 
that reported recurrence rates of 47% and 46%,(22,23) 
the sample size should include approximately 41 cases 
within a 95% confidence interval.

RESULTS

During the study period, there were 39 hemoptysis 
episodes requiring BAE in 17 CF patients. General 
characteristics of the patients at their first hemoptysis 
event requiring BAE are listed in Table 1. All patients 
were White. The mean age was 25.0 ± 10.6 years, 
and 9 patients (53%) were female. Chronic bacterial 
infection with P. aeruginosa was the most prevalent 
(88%), followed by infection with methicillin-resistant 
S. aureus (35%), methicillin-susceptible S. aureus 
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(29%), and B. cepacia complex (17%). Mean values 
of FVC (% of predicted), FEV1 (% of predicted), and 
FEV1/FVC ratio were 56 ± 25%, 44 ± 25%, and 64.0 
± 12.5, respectively. Mean six-minute walk distance 
was 438 ± 123 m (Table 1).

During the study period, 9 (53%) and 8 (47%) of the 
patients were submitted to BAE only once and more than 
once, respectively (twice, in 2 patients; three times, 
in 2; four times, in 3; and eight times, in 1). There 
were no statistical differences between the patients 
that required one versus more than one procedure 
during the study regarding sex (p = 0.953), age (p 
= 0.139), BMI (p = 0.414), FEV1 in % of predicted 
(p = 0.391), and FVC in % of predicted (p = 0.366).

Of the 39 hemoptysis episodes requiring BAE, 4 
(10.3%) and 6 (15.4%) were censored due to lung 
transplantation and death, respectively. There was no 
death due to hemoptysis. The hemoptysis-free period 
following each procedure was determined using the 
Kaplan-Meier analysis (median = 17 months; mean 
= 46 months; Figure 1). There was no immediate 
recurrence (< 24 h); however, most patients (72%) 
developed late recurrence (after 30 days).

Results from the univariate logistic regression analysis 
for the risk of novel hemoptysis episodes are shown in 

Table 2. The only variable statistically associated with 
hemoptysis recurrence was chronic infection with P. 
aeruginosa (hazard ratio = 0.28; p = 0.028). Patients 
with chronic bacterial infection with P. aeruginosa had 
a longer hemoptysis-free period, with a median of 
31 months (95% CI: 0.00-68.52) and a mean of 52 
months (95% CI: 31.15-74.25) in comparison with 
those without that infection (median = 4 months; 95% 
CI: 1.8-6.2; p = 0.017).

Adverse effects following embolization occurred in 
20% of the procedures. Chest discomfort, fever, and 
dyspnea were present after 6, 3, and 1 procedures, 
respectively. No dysphagia, neurological disorders, or 
serious complications were reported.

Flexible bronchoscopy and endobronchial irrigation 
with cold saline were performed in 10 hemoptysis 
events (8 subjects), and a balloon catheter for bronchus 
blocking was inserted in only 1 event prior to BAE. Chest 
CT scanning was performed in 4 hemoptysis events (4 
subjects) prior to BAE. None of these procedures were 
statistically associated with the outcomes (p < 0.05).

Intravenous tranexamic acid was used as an additional 
therapy in 17 hemoptysis events (9 subjects). No patient 
was treated with nebulized epinephrine, terlipressin, 
or beta blockers.

DISCUSSION

This retrospective cohort study evaluated CF patients 
with massive hemoptysis submitted to BAE/non-BAE in a 
referral hospital in southern Brazil. Of the 39 hemoptysis 
episodes requiring BAE/non-BAE, 22 (56.4%) evolved 
to novel massive hemoptysis episodes. The median 
hemoptysis-free period following BAE/non-BAE was 
17 months. This procedure was first adopted at the 
HCPA in 2000. Since then, it has been playing an 
important role in the treatment of hemoptysis in CF 
patients. BAE/non-BAE was an effective treatment, 
with immediate hemoptysis control in all cases, since 

Figure 1. Kaplan-Meier analysis of hemoptysis-free period 
in cystic fibrosis patients undergoing bronchial artery 
embolization. Median survival period was 17 months (95 
CI: 8.1-25.9) and mean survival period was 46.2 months 
(95 CI: 26.8-65.6).

Table 1. Characteristics of the patients at the first 
hemoptysis episode requiring bronchial artery embolization 
(N = 17).a

Variable Patients

Sex
        Female
        Male

9 (53%)
8 (47%)

Age, years 25 ± 10.6
Age at diagnosis, years 2 [18]
Ethnicity
        White 17 (100%)
BMI, kg/m2 20.0 ± 2.2
Pancreatic Insufficiency 12 (70.6%)
CFRD 2 (11.8%)
Liver disease 4 (23%)
Liver transplantation 1 (5.9%)
Chronic respiratory infection 
          Pseudomonas aeruginosa
          Burkholderia cepacia complex
          MSSA 
          MRSA

15 (88.2%)
3 (17.6%)
5 (29.4%)
6 (35.3%)

Pulmonary function
         FVC, % predicted
         FEV1, % predicted
         FEV1/FVC, %

56 ± 25
44 ± 25

64 ± 12.5
6MWD, m 438.8 ± 123.3
PASP, mmHg 22 [13]
CFRD: cystic fibrosis-related diabetes; MSSA: 
methicillin-susceptible Staphylococcus aureus; MRSA: 
methicillin-resistant S. aureus; 6MWD: six-minute 
walk distance; and PASP: pulmonary artery systolic 
pressure (estimated by Doppler echocardiography). 
aQualitative data are expressed as absolute (n) and 
relative (%) frequencies. Quantitative data are 
expressed as mean ± SD or median and [IQR].
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no new bleeding was observed within the first 24 h. 
Moreover, similarly to previous studies, the long-term 
recurrence rate was 56%. Barben et al.(21) reported a 
95% success rate in immediate bleeding control in 38 
cases, whereas other studies have described long-term 
recurrence rates ranging from 42% to 55%.(12,17,21-24)

In a 14-year-long retrospective cohort study, Vidal et 
al.(25) evaluated 30 CF patients with major or persistent 
hemoptysis that required 42 embolization sessions. 
In that study, 8 patients relapsed and required a new 
embolization procedure. Of those, 4 and 4 patients had 
one and two relapses each, respectively. The mean 
period between the first embolization and recurrence 

was 27.8 months (1-49 months), and 38% relapsed 
within 5 years after embolization. Of the 30 patients, 
8 (26.7%) died from respiratory failure and 9 (30.0%) 
underwent lung transplant. The failure rate in that 
study was comparatively higher than in our study, 
whose mortality and transplant rates were 17.6% and 
11.8%, respectively.

In another long-term retrospective study, Barben 
et al.(26) investigated 52 BAE procedures in 28 CF 
patients. In that sample, 13 patients required more 
than one BAE (re-embolization rate = 46%). Of the 
13 patients, 3, 1, and 2 required 3, 4, and 5 BAE 
procedures. The median time between the first and 

Table 2. Univariate logistic regression analysis for a repeat hemoptysis episode.
Variable β Wald p HR 95% CI

Sex 0.28 0.42 0.517 1.33 0.55-3.18
Age, years −0.06 2.65 0.103 0.94 0.87-1.01
Age at diagnosis, years −0.05 1.65 0.199 0.94 0.86-1.03
F508del mutation 0.73 1.42 0.232 2.08 0.62-6.96
BMI, kg/m2 −0.09 1.02 0.310 0.90 0.75-1.09
Pancreatic insufficiency 1.22 2.62 0.105 3.93 0.77-14.85
CFRD −0.57 0.59 0.440 0.56 0.13-2.42
Previous pneumothorax 0.71 1.18 0.277 2.03 0.56-7.35
Previous hemoptysis with no BAE 0.49 0.75 0.386 1.63 0.53-5.00
ABPA −0.55 0.55 0.458 0.57 0.13-2.48
Liver disease  0.25 0.26 0.606 1.28 0.49-3.31
Liver transplantation −0.36 0.24 0.623 0.69 0.16-2.99
Chronic respiratory infection
   Pseudomonas aeruginosa −1.26 4.80 0.028 0.28 0.09-0.87
   Burkholderia cepacia complex  0.98 3.67 0.055 2.67 0.97-7.29
   MSSA −0.43 0.68 0.407 0.64 0.23-1.80
   MRSA 0.25 0.29 0.587 1.28 0.51-3.20
Medication
  Inhaled dornase alpha −0.56 0.80 0.368 0.56 0.16-1.94
  Inhaled colistin 0.26 0.32 0.567 1.30 0.52 -3.24
  Inhaled tobramycin 0.43 0.90 0.341 1.54 0.63-3.76
  Azithromycin 0.60 0.66 0.414 1.83 0.42-7.89
Pulmonary function
  FVC, % predicted −0.02 3.36 0.067 0.98 0.95-1.00
  FEV1, % predicted −0.02 3.35 0.067 0.97 0.957-1.000
  FEV1/FVC, % −0.02 1.77 0.183 0.97 0.94-1.01
6MWD, m −0.00 2.80 0.094 0.99 0.99-1.00
PASP, mmHg 0.01 0.67 0.412 1.01 0.97-1.06
Platelet count 0.00 0.02 0.864 1.00 0.99-1.00
INR 1.57 1.17 0.278 4.83 0.28-83.0
Number of embolized arteries −0.25 2.31 0.128 0.77 0.55-1.07
BAE 0.75 0.53 0.464 2.12 0.28-16.05
Non-BAE −0.65 2.32 0.127 0.52 0.22-1.21
Anomalous bronchial artery diameter (≥ 4 mm) 0.27 0.322 0.570 1.31 0.51-3.35
Anomalous extrabronchial circulation −0.64 0.978 0.323 0.526 0.15-1.88
Previous embolization −0.50 1.26 0.260 0.60 0.25-1.45
Required more than one BAE procedure during the 
study period

−0.51 1.26 0.260 0.60 0.25-1.45

HR: hazard ratio; CFRD: cystic fibrosis-related diabetes; BAE: bronchial artery embolization; ABPA: allergic 
bronchopulmonary aspergillosis; MSSA: methicillin-susceptible Staphylococcus aureus; MRSA: methicillin-resistant 
S. aureus; 6MWD: six-minute walk distance; PASP: pulmonary artery systolic pressure; and INR: international 
normalized ratio.
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second BAE procedure was 4 months. The sample 
in that study was younger (mean age = 15 years) 
than in the present study (mean age = 25 years). 
However, despite the age difference, those patients 
showed similar pulmonary function results. Advances 
in technology and materials used for BAE might thus 
justify the longer hemoptysis-free period in our study.

Pathak et al.(27) evaluated long-term outcomes following 
BAE to treat different lung diseases. In their study, CF 
was the most common cause of hemoptysis requiring 
BAE. The recurrence rate was 50%, similar to that in 
our study. The 10-year survival rate was 85% in CF 
patients undergoing the procedure. Neither the median 
nor the mean hemoptysis-free period was described.

Flight et al.(24) described 27 adult CF patients that 
underwent 51 BAE procedures for massive and 
submassive hemoptysis over a median follow-up 
period of 26 months. Hemoptysis recurred after 31 
BAE procedures (61%). Mortality after the first BAE 
at 30 days and at 12 months were 3.9% and 14.8%, 
respectively. No significant predictors of mortality 
were identified.

Martin et al.(17) studied 38 BAE procedures for the 
treatment of hemoptysis in 28 adult patients with CF 
and reported 30-day, 1-year, and 3-year outcomes. 
Technical (freedom from repeat embolization and 
hemoptysis-related mortality) and clinical (freedom 
from repeat embolization and mortality from any 
cause) success rates at 30 days were 89% and 82%, 
respectively, whereas they were 86% and 79% at 1 
year and 82% and 75% at 3 years.

When we assessed clinical features that might predict 
hemoptysis recurrence, we found that the presence of 
chronic infection with P. aeruginosa was the only variable 
that correlated with longer hemoptysis-free periods, 
causing a protective effect (median = 31 months). 
However, this association was considered weak, and its 
clinical significance was uncertain due to the low number 
of patients in the group without that type of infection 
(only 2 patients). Additional studies involving larger 
numbers of patients are needed to clarify this finding. 
One hypothesis that might justify this association could be 
the continuous use of inhaled antibiotics by patients with 
chronic infection with P. aeruginosa, reducing bacterial 
colonization of the airways, controlling inflammation, 
and improving the prognosis for hemoptysis recurrence. 
Respiratory bacterial infection (detected by sputum 
bacteriology) is often mentioned in studies regarding 
BAE in CF patients, because P. aeruginosa occurs in 
56% of the cases. However, to date, there have been 
no studies correlating this chronic airway infection with 
hemoptysis recurrence.(9,28,29)

Vidal et al.(25) found that the risk of hemoptysis 
recurrence was higher in patients with a large number 

of collateral arteries. There is a lack of information 
regarding the risks associated with hemoptysis 
recurrence after BAE. In the present study no correlation 
was found between the prevalence of this type of 
arteries and recurrent bleeding.

Previous studies(17,24,30) have described severe adverse 
effects following BAE, including transverse myelitis, 
circulation stroke, and paraplegia. However, these rare 
complications were not identified in our study. New 
technologies in catheters, guidewires, and embolic 
agents have likely resulted in safety improvements 
in BAE. The prevalence of mild adverse events in the 
literature(17,25) ranges from 5.2% to 50.9%, and the 
most common symptom is chest pain. Although chest 
discomfort, fever, and dyspnea occurred in 20% of the 
cases in the present study, these adverse effects were 
easily controlled with medication; hence, they did not 
compromise the clinical outcomes.

The present study has several limitations. First, 
it was conducted in a single medical center with a 
relatively small sample size, limiting its statistical power. 
However, we should notice that the studies published 
about this subject(10,15-18,23-26) also have a small sample 
size. Second, the study had a retrospective design, 
using data obtained from a review of medical records, 
which are not likely to be as complete and accurate 
as data collected in prospective studies. Third, the 
BAE procedures did not follow a strict protocol in this 
retrospective study.

In conclusion, this retrospective cohort study showed 
that BAE was an effective treatment for immediate and 
long-term hemoptysis in CF patients. Successful control 
was achieved within 24 h in 100% of the cases, with a 
median hemoptysis-free period of 17 months. The only 
predictor of recurrent bleeding following BAE was the 
presence of chronic infection with P. aeruginosa, but 
this association was considered weak and its clinical 
significance was uncertain due to the small number 
of patients.
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