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Introduction

Hemothorax caused by intercostal arteries (ICAs) bleeding 
is a life-threatening condition. For long time exploratory 
thoracotomy has been considered the therapeutic gold 
standard in patients with failed conservative treatment. 

However, patients with severe associated injuries or serious 
medical comorbidities are poor candidates for surgical 
intervention. Furthermore, emergency surgery typically 
results in significant morbidity and low yield of finding the 
source of the haemorrhage (1).
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For this reason, angiography and embolization of ICAs 
were introduced and approved gradually and have changed 
the treatment of ICAs haemorrhage as a safe procedure with 
few side effects. Transcatheter arterial embolization (TAE) 
provides a less invasive and safe therapeutic alternative for 
active bleeding from ICAs. In addition, it does not prohibit 
surgery if haemostasis is not carried out by embolization 
alone (2-8).

Knowledge of clinical and procedure-related features 
associated with embolization failure and the need for post-
TAE surgery would allow us to identify high-risk patients. 
Those could require closer clinical monitoring or prompt 
surgical intervention because of higher risk for technical 
failure. As far as we know, few reports have identified factors 
associated with technical failure and mortality in patients 
after selective embolization (8,9). 

The present multicenter study was conducted to identify 
factors that can predict outcomes and efficacy of ICA 
embolization as a primary therapeutic modality in the 
management of haemothorax.

Methods

A retrospective review of the medical records of all 
consecutive patients who underwent angiographic 
embolization because of hemothorax caused by ICA 
bleeding in two institutions from January 2009 to October 
2017 was performed.

The study was approved by institutional ethics 
committee board of Hospital de Clinic of Barcelona (No. 

HCB/2019/0554).
Patients demographics, past medical history, CT, 

angiography, pre- and post-embolization blood chemistries 
and clotting profiles, transfusion history, technical and 
clinical success rates, procedure-related complications and 
30-day mortality rate were recorded. The number of RBC 
transfusions after TAE was calculated according to the 
number of transfusions after TAE.

Patients with ICA injuries who did not undergo 
embolization and/or had ICA injuries without hemothorax 
were excluded of the study.

Chest X-ray generally followed by CT scan of the 
chest were performed to detect the bleeding site, to rule 
out pseudo aneurysms and to identify other sources of 
haemorrhage than the ICA. Active haemorrhage from an 
ICA was defined as active extravasation of contrast agent in 
the arterial phase.

A multidisciplinary team including anesthesiologists, 
trauma surgeons, thoracic surgeons and interventional 
radiologists discussed each case. The treatment decision was 
made according to clinical, laboratory and CT findings. 

Before the angiography, written informed consent was 
obtained and procedure-potential risks and benefits were 
disclosed with patients or relatives.

Interventions were performed either under general or 
local anesthesia, depending on the patients’ status.

In all cases a right femoral approach was used. Each 
individual interventional radiologist made the choice of 
embolization method and material. Embolization agents 
used included gel foam pledgets, polyvinyl alcohol (PVA) 
particles, microcoils, or a combination of the above 
materials (Figure 1).

Total amount of red blood cells transfused (RBC), 
intensive care unit length of stay (ICU-LOS) and the total 
inpatient stay (LOS) for each patient were documented.

Technical success was defined as the immediate cessation 
of hemorrhage evaluated by completion angiography. 

Patients underwent daily clinical and laboratory controls 
until discharge or transfer to another hospital or death. 
Furthermore, chest CT scan was obtained in the follow up 
to evaluate the effectiveness of embolization in short term. 

Statistical analysis

In order to identify potential predictors of embolization 
outcome a comparison between success and no success 
groups was made. Furthermore, factors associated to  
30-days mortality and risk for major surgical procedure 

Figure 1 Selective angiogram using a microcatheter nearby 
bleeding site shows immediate post-intercostal artery embolization 
cessation of bleeding (white arrow).
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were analyzed. Continuous variables were described by 
calculating the median and inter-quartile range (IQR) and 
compared with the Wilcoxon-Mann-Whitney test, while 
for categorical factors counts and percentages were reported 
and the Fisher exact test was run. Analysis was done using 
Stata 13.0 for Windows (StataCorp, College Station, USA) 
and the level of significance was set to 0.05. 

Results

From 2009 through 2017, 30 patients (22 men, 8 
women) with a mean age of 70 years (range, 24–88 years) 
presenting with hemothorax caused by an ICA as the site of 
haemorrhage underwent TAE of ICAs in the study centers. 
The most frequently comorbid condition was ischemic 

heart disease (n=12; 40%) followed by hypertension (n=11; 
37%) and malignancy (n=8; 27%). 

The causes of bleeding included trauma in 18 patients 
(60%), iatrogenic in 11 patients (37%) and haemorrhage 
occurred spontaneously in 1 patient (3%). Iatrogenic ICA 
lesions were caused by thoracentesis in 4 cases (36%), liver 
radiofrequency in 2 patients (18%), chest tube positioning 
in 2 cases (18%), thoracotomy, chest tube removal and 
cardiac surgery in one case (9%) as reported in Table 1.

Twenty-six patients (87%) underwent chest CT scan 
showing arterial blush. 

In half of the cases registered only one artery was 
needed to be embolized (16 cases, 53%). Embolization was 
mainly done using a combination of embolic agents—coils, 
spongostan and/or PVA (21 cases, 70%). No procedure-
related major complications occurred. Diagnostic and 
treatment details are summarized in Table 2.

Primary technical success was achieved in 26 patients 
(87%). Two patients required repeated TAE to achieve 
bleeding control: one case had bleeding from a mammary 

Table 1 General characteristics of embolized patients 

Patients characteristics (n=30) N

Age, years 70 [24–78]

Gender, M:F (%) 22:8 [73.3:26.7]

Comorbidities (%)

Hypertension 11 [37]

Ischemic heart disease 12 [40]

Malignancy 8 [27]

Liver impairment 5 [17]

Diabetes mellitus 3 [10]

COPD 3 [10]

Renal impairment 3 [10]

Antiplatelet therapy 9 [30]

Anticoagulant therapy 5 [17]

Causes of haemothorax (%)

Traumatic 18 [60]

Iatrogenic 11 [37]

Thoracentesis 4 [36]

Chest drain positioning 2 [18]

Chest drain removal 1 [9]

Cardiac surgery 1 [9]

Hepatic radiofrequency 2 [18]

Thoracotomy 1 [9]

Spontaneous 1 [3]

COPD, chronic obstructive pulmonary diseases.

Table 2 Treatment approach for hemothorax

Treatment approach N

TAE

Combined 21 [70]

Coils only 3 [10]

Gelatin sponge only 3 [10]

PVA particles only 3 [10]

Number of arteries embolised

1 artery 16 [53]

2 arteries 5 [17]

3 arteries 7 [23]

4 arteries 2 [7]

After-TAE procedures

Chest drain 12 [40]

Chest drain + thoracotomy 7 [23]

Chest drain + VATS 6 [20]

Exploratory thoracotomy 2 [7]

Outcome

Mortality 7 [23]

TAE, transcatheter arterial embolization; PVA, polyvinyl alcohol; 
VATS, video-assisted thoracoscopic surgery.
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Table 3 Predictors of technical failure after TAE

Variable No success (n=4) Technical success (n=26) P value

Age, median [IQR, range] 59.5 [44.5–71.5] 71 [64–77] 0.222

Gender M, n (%) 2 [50] 20 [77] 0.284

Haemoglobin (g/dL) 7.1 [6.5–7.7] 9.4 [8.4–10.3] 0.028

Htc (%) 21.5 [21–23.5] 28 [26–32] 0.032

Platelet, 109/L 117.5 [77–158] 181 [124–233] 0.099

Hypertension (%) 2 [50] 9 [35] 0.611

Diabetes (%) 0 [0] 3 [12] 1.000

COPD (%) 0 [0] 3 [12] 1.000

Cardiovascular diseases (%) 2 [50] 10 [38] 1.000

Liver impairment (%) 3 [75] 2 [8] 0.009

Renal impairment (%) 1 [25] 2 [8] 0.360

Malignancy (%) 2 [50] 6 [23] 0.284

Anticoagulant therapy (%) 1 [25] 4 [15] 0.538

Antiplatelet therapy (%) 1 [25] 8 [31] 1.000

Iatrogenic causes (%) 3 [75] 8 [31] 0.126

Extrathoracic injuries (%) 0 [0] 5 [19] 1.000

ICA embolized >1 (%) 4 [100] 10 [38] 0.037

Packed cells transfused, mL 12 [6–40] 5 [3–11] 0.128

TAE, transcatheter arterial embolization; IQR, inter-quartile range; COPD, chronic obstructive pulmonary diseases; ICA, intercostal artery.

artery dependent intercostal branch not previously detected. 
The other one showed bleeding from a different ICA. The 
remaining two patients underwent exploratory thoracotomy. 
The analysis of parameters associated with technical efficacy 
is summarized in Table 3. Using univariate and multivariable 
logistic regression models, low haemoglobin levels, low 
haematocrit, hepatic comorbidities and more than one 
artery undergoing embolization were the factors associated 
to technical failure.

Overall, 27 (90%) patients required surgical treatment 
after the interventional procedure. Twelve patients 
(40%) needed chest tube only, in 13 patients (43%) 
surgery was carried out for retained hemothorax either 
by video-assisted thoracoscopic surgery (VATS) (7 cases, 
23%) or thoracotomy (6 cases, 20%) and in 2 patients 
(7%) exploratory thoracotomy was necessary to manage 
incontrollable bleeding.

The overall 30-days mortality rate was 23% (n=7): 
the causes of death were massive bleeding and associated 
severe comorbidities in 3 patients (43%), pneumonia and 

pulmonary thromboembolism in 1 patient (14%), 1 patient 
died for pneumonia and haemoptysis (14%), 1 patient 
for massive bleeding (14%) and 1 patient for myocardial 
ischemia (14%). The analysis of factors associated to  
30-days mortality is shown in Table 4. The analysis revealed 
that the number of RBC transfusions was the only factor 
related to death, liver impairment showed a marginal but 
non-statistically significant relationship (P=0.068).

The analysis of factors related to the risk of undergoing 
major surgical procedure (both VATS or thoracotomy) 
didn’t find any significant association.

Discussion

TAE constitutes an established endovascular management 
for a broad range of indications and is also widely performed 
for the emergency management of acute hemorrhage. 
Several studies reported the efficacy of embolization for 
acute postoperative bleeding, spontaneous hemorrhage and 
post-traumatic hemorrhage (10-12). 
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In our institutions, traumatic ICA laceration was most 
often the cause of the bleeding in 60% of cases. Selective 
catheterization was started on the target artery defined by 
CT. Other arteries were not catheterized unless there was 
suspicion of additional sites of bleeding. In our opinion 
CT scan should be obtained whenever possible to identify 
hemothorax origin and to plan endovascular treatment.

The type of embolic material did not seem to affect the 
clinical outcomes or recurrence rates. Therefore, various 
combinations of embolic materials are commonly used (70% 
of cases) depending on interventional radiologist’s choice 
based on clinical and technical aspects. 

According to previous studies (8,9), our study showed 
no major complications such as spinal cord ischemia: these 
results show good safety profile of the procedure with low 
incidence of clinically significant complications.

Only a few studies reported embolotherapy in patients 
with acute hemorrhage from ICAs (1-9). However, 

there is widespread agreement that TAE is a reliable and 
feasible therapeutic alternative to thoracotomy to control 
intrathoracic arterial bleeding. In our study, emergency 
intercostal TAE was an effective approach in patients with 
acute hemorrhage. Our study, which included a larger study 
population, had a success rate of 87%, which is comparable 
to those previously reported. Chemelli et al. in a series of 
24 patients described an immediate success of 87% (8). As 
described by Stampfl et al. in their series of 19 (85%) (9), 
and Hagiwara et al. (100%) in 5 patients who underwent 
TAE (7).

Since none of the studies mentioned above analyzed 
potential predictors of TAE failure, there are few known 
clinical risk factors for failure in ICAs TAE patients. Our 
series highlighted that some factors could predict the 
efficacy of the endovascular procedure. Low hemoglobin 
levels and low hematocrit were confirmed as significant 
risk factors for technical failure. We suggest that the 

Table 4 Predictors of 30-day mortality after TAE

Variable 30-day mortality, NO (n=23) 30-day mortality, YES (n=7) P value

Age, mean [IQR, range] 72 [64–77] 65 [36–77] 0.210

Gender M, n (%) 16 [70] 6 [86] 0.638

Hb (g/L) 8.8 [8.1–10.1] 8.5 [6.2–11.6] 0.731

Htc (%) 27 [25–31] 27 [20–35] 0.805

Platelet 109/L 177 [124–233] 153 [90–226] 0.447

Hypertension (%) 9 [39] 2 [29] 1.000

Diabetes (%) 3 [13] 0 [0] 1.000

COPD (%) 2 [9] 1 [14] 1.000

Cardiovascular diseases (%) 10 [43] 2 [29] 0.669

Liver impairment (%) 2 [9] 3 [43] 0.068

Renal impairment (%) 3 [13] 0 [0] 1.000

Malignancy (%) 6 [26] 2 [29] 1.000

Anticoagulant therapy (%) 5 [22] 0 [0] 0.304

Antiplatelet therapy (%) 8 [35] 1 [14] 0.393

Iatrogenic causes (%) 15 [65] 4 [57.1] 1.000

Extrathoracic injuries (%) 4 [17] 1 [14.3] 1.000

ICA embolized >1 (%) 10 [43] 4 [57] 0.675

Packed cells transfused mL 4 [3–8] 12 [10–30] 0.0013

Technical failure (%) 3 [13] 1 [14] 1.000

TAE, transcatheter arterial embolization; IQR, inter-quartile range; COPD, chronic obstructive pulmonary diseases; ICA, intercostal artery.
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results may simply indicate that a more severe initial bleed 
associated with poorer patient's general condition and 
less effective coagulation. In consequence, increased risk 
of failure. Likewise, patients with chronic liver disease, 
which is known to cause coagulation abnormalities, were 
also shown to have a higher incidence of failure. Other 
authors identified underlying chronic liver disease as a risk 
factor for rebleeding after bronchial arteries embolization 
due to pulmonary tuberculosis (13). Although we analysed 
anticoagulant and antiplatelet agents, we did not identify 
a trend toward increasing failure risk for any individual 
agent. Analysing the angiographic features, the number of 
arteries undergoing embolization was found associated with 
a higher failure rate. Patients with one artery embolized had 
a better outcome in term of bleeding control compared to 
patients with two arteries or more undergoing TAE. 

Despite the high success rate described before, 90% of 
patients required some kind of surgery. However, 12 of the 
cases needed a minor procedure for chest tube insertion and 
13 patients needed a non-emergent exploration of the chest 
cavity to remove clotted haemothorax. Consequently, only 
in two patients there was a need for an emergent surgical 
exploration for bleeding control. This means that patient 
optimization could be done before surgery and an even 
less invasive approach (VATS) can be carried out in some 
cases. This all reducing surgical associated morbidity and 
mortality. 

In our study the 30-day mortality rate was 23%. Similar 
to previously published data (1,8,9). Stampfl et al. (9) 
described a 30-day mortality rate of 21%. In another study 
with a higher incidence of cases with iatrogenic ICA injuries 
the total cumulative mortality rate was 37.5% (8).

In nearly half of the cases (43%), death was related 
to multiple organ failure, most likely as a result of 
haemodynamic shock in association with the patient’s 
comorbid conditions, despite technically successful 
management of the bleeding. The number of RBC 
transfusions was the only factor related to death. In our 
opinion, this may be mainly attributed to a more severe 
bleeding.

Limitations

This study was unavoidably limited by its retrospective 
analysis and by the small sample size. Furthermore, the 
study population was heterogeneous, including patients 
with traumatic as well as iatrogenic injuries. Likewise, 
the angiographic embolization procedure was performed 

using different embolic materials based on the radiologist’s 
preference.

Although these limitations are significant, this study 
remains important in looking at the effectiveness and safety 
of selective embolization in the definitive management of 
hemothorax by ICAs bleeding. It has also identified various 
factors that could help predict patients who have a higher 
risk for rebleeding that requires surgical intervention, and 
maybe even the type of surgery to be performed.

Conclusions

Embolization is a safe and effective measure to arrest 
bleeding in patients with haemothorax caused by ICAs 
injuries.

Patients with severe bleeding, more than one artery 
injured and/or liver impairment might be cautiously 
considered because of higher risk of technical failure. On 
those patients’ straightforward surgery could be indicated in 
order to reduce risk of death. 
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