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Objective: To evaluate the effectiveness and safety of
transcatheter arterial embolization (TAE) of the branches
of the subclavian and axillary arteries for hemorrhage
control.

Methods: Between January 2015 and June 2022, 35 TAE
procedures were performed for hemorrhage from the
branches of the subclavian and axillary arteries in 34
patients (22 men, 12women; 1 male underwent TAE twice;
mean age = 76 years). Pre-TAE CT showed hematomas in
the chest (n = 25) and abdominal walls (n = 3), shoulder
(n = 2), and lower neck (n = 2). CT showed hemothorax
in eight cases. Angiographic findings, embolization tech-
nique, and technical and clinical success of TAE were
retrospectively assessed in all cases.

Results: TAE was performed by transfemoral (n = 16),
transradial (n = 12), and transbrachial (n = 7) approaches.

INTRODUCTION

Branches of the subclavian and axillary arteries supply blood
to the chest wall, neck, shoulder, and upper limb. Hemor-
rhage from these branches is an uncommon event, but may
occur due to trauma, central venous catheter insertion,
percutaneous biopsy, post-operative complication, infec-
tion, or systemic diseases that cause vascular fragility."
Many case reports have described the effectiveness of tran-
scatheter arterial embolization (TAE) for the management
of hemorrhage in this area.”™ However, no case series has
focused on the effectiveness and safety of TAE of these
branches. In contrast, several studies reported the useful-
ness of TAE of the intercostal arteries.'’"*> Additionally, the
subclavian and axillary artery branches areeasily accessed
with transradial and transbrachial approaches, which are
different from endovascular intervention in the abdominal
and pelvic arteries. We believe that TAE of the subclavian
and axillary artery branches is an important procedure
in our clinical practice and that our experience is worth

Angiography revealed contrast media extravasation
or pseudoaneurysms in 32 cases (91.4%). The most
commonly embolized arteries were the internal thoracic
(n =12), lateral thoracic (n = 6), and thoracoacromial (n =
6) arteries. Technical and clinical success rates were 100
and 85.7%, respectively. A complication (skin necrosis
after injection of the liquid embolic agent) developed
in only one patient (2.9%) and was conservatively
managed.

Conclusion: TAE is an effective and safe treatment for
hemorrhage from the branches of the subclavian and
axillary arteries.

Advances in knowledge: Transfemoral approach has
been used for TAE of the branches of the subclavian and
axillary artery. Transradial and transbrachial approaches
can also be considered.

sharing. The objective of this study was to evaluate the effec-
tiveness and safety of TAE of the branches of the subclavian
and axillary arteries for hemorrhage control.

METHODS AND MATERIALS

Patients

This retrospective study was approved by our institutional
review board. The requirement for informed consent was
waived. Between January 2015 and June 2022, 55 embo-
lization procedures of the branches of the subclavian and
axillary arteries for hemorrhage were performed by inter-
ventional radiologists in three institutions; 18 procedures
for hemoptysis were excluded because many studies have
already reported the effectiveness of embolization of
systemic arteries from the subclavian and axillary arteries
for this indication.'*!'> Two more cases were excluded: one
was of a patient with multiple trauma in which the abdom-
inopelvic involvement was more severe than that of the
chest, and the other case was of a patient who underwent
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Table 1. Patient characteristics in 35 embolization procedures

Patient characteristics N

Cause of bleeding

Tatrogenic complication 17

Percutaneous drainage tube placement 5 (4 for pleural
eftusion, 1 for

abdominal abscess)

Post-operative bleeding (1-7 days after 3
surgery)

Arterial injury during endovascular 2
intervention

Cardiopulmonary resuscitation 2

Percutaneous aspiration 2 (1 for pericardial
fluid, 1 for hepatic

cyst)

2 (1 for
supraclavicular LN,
1 for breast tumor)

Percutaneous biopsy

Reduction for shoulder dislocation 1
Antithrombotic drug 7
Trauma 4
Hematologic diseasex 3
Spontaneous bleeding 2
Skin invasion of a breast cancer 1
Thoracic aortic aneurysm rupture 1

Comorbidities

Renal impairment 9
Diabetes mellitus 8
Cerebrovascular disease 5
Hematologic disease 5
Aortic disease 4
Heart failure 4
Malignancy 4
Angina pectoris 3
Hepatic impairment 2
Pancreatitis 1
None 7
Administration of antithrombotic drug 15

LN: lymph node, NBCA: N-butyl cyanoacrylate.,
«Abnormal coagulation status was caused by a hematologic disease.

stent graft placement to the subclavian artery in addition to the
embolization procedure. Thus, the study population included
34 patients (22men and 12women) on whom 35 emboliza-
tion procedures were performed. One male underwent TAE
twice; a second TAE was performed for bleeding at a different
site 3 months after the first TAE. The mean age at TAE was 76
years (range, 46-98 years). Emergency TAE was performed for
hemostasis in all cases. The causes of hemorrhage were diverse;
the most common were iatrogenic complications (n = 17).

Onishi et a/

Comorbidities were found in 28 cases. The patient characteristics
are summarized in Table 1.

CT findings

Contrast-enhanced CT was performed before TAE in all but one
case. In this exceptional case, the hemorrhage was caused by a
vessel injury during embolization for a Type 2 endoleak after
thoracic endovascular aortic repair; TAE was performed during
the procedure. Pre-TAE CT showed hematomas located in chest
(n = 25) and abdominal (n = 3) walls, shoulder (n = 2), lower
neck (n = 2), and/or hemothorax (n = 8) in 34 cases. Extravasa-
tion of contrast media (n = 28) and/or pseudoaneurysm (n = 6)
was observed in 33 cases; 1 patient had both extravasation and
pseudoaneurysm. In one patient, neither extravasation nor pseu-
doaneurysm was observed. This patient had breast cancer, and
TAE was performed to stop continuous bleeding from the tumor.

Evaluation

Angiographic findings and embolization technique were
assessed in all cases. When contrast media extravasation or pseu-
doaneurysm was observed on angiography, technical success was
defined as no visualization of these findings on post-TAE angi-
ography. When neither pseudoaneurysm nor active bleeding was
observed, technical success was defined as stasis of blood flow
at the target artery on post-TAE angiography. Clinical success
was defined as hemorrhage-free survival for 1 month after TAE.
When additional treatment, such as repeated TAE or surgery,
was performed for bleeding, it was regarded as a clinical failure.
Complications of TAE were evaluated using the Cardiovascular
and Interventional Radiological Society of Europe Classification
System.'®

RESULTS

Embolization procedure

Ten interventional radiologists with more than 3 years of expe-
rience in abdominal vascular intervention performed all TAE.
TAE was performed under local anesthesia and moderate seda-
tion in 29 cases, and under general anesthesia in 6 cases. A 4- or
5 F vascular sheath was placed in the femoral, radial, and brachial
arteries in 16, 12, and 7 cases, respectively. A 4- or 5F diag-
nostic catheter with various shapes was used for the procedure:
Headhunter, JB2, Judkins right, Judkins left, internal mammary;,
shepherd hook, and Simmons for transfemoral approach; Rosch
inferior mesenteric, Judkins right, Judkins left, cobra, and Beren-
stein for transradial and transbrachial approaches. In one case,
transfemoral approach was used for TAE for bleeding from
the internal thoracic artery; however, its selection was difficult.
Subsequently, the approach was changed to transradial during
the procedure. Conversely, in one case, transradial approach
was used for TAE for bleeding from the deep cervical artery;
however, its selection was difficult. The approach was subse-
quently changed to transfemoral. A microcatheter with a distal
tip of 1.5-2.7F was used for embolization. A tri-axial system
using high-flow- and selective-type microcatheters was also used
in 12 cases. Angiography showed extravasation (n = 26) of the
contrast media or pseudoaneurysm (n = 6) in 32 cases; TAE was
performed for these indications. Among the three cases without
extravasation or pseudoaneurysm on angiography, active
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Table 2. Embolized arteries

Artery N
Internal thoracic artery 12
Lateral thoracic artery 6
Thoracoacromial artery 6
Posterior humeral circumflex artery 4
Thoracodorsal artery 4
Intercostal arteries originating from the aorta 3
Subscapular artery 3
Dorsal scapular artery 2
Scapular circumflex artery 2
Superior thoracic artery 2
Inferior epigastric artery 2
Costocervical trunk 1
Deep cervical artery 1
Superficial thoracic artery 1
Superficial and deep circumflex iliac arteries 1
Suprascapular artery 1
Supreme intercostal artery 1
Thyrocervical trunk 1
Transverse cervical artery 1

bleeding in the chest wall was observed on CT in two patients;
the bleeding originated from the internal thoracic artery or inter-
costal arteries and TAE of the appropriate artery was performed
accordingly. The remaining one case had continuous bleeding
from a cancer in the left breast. Angiography of the left internal
thoracic artery revealed tumor stain of the breast cancer, and
embolization of this artery was subsequently performed. The
number of embolized arteries in each patient was as follows: 1 in
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24 cases, 2 in 9 cases, and 7 and 8 in 1 patient each. Embolized
arteries are shown in Table 2. Embolic agents were gelatin sponge
(n = 11), N-butyl cyanoacrylate (NBCA) (n = 9), coils (n = 4),
gelatin sponge and coils (n = 9), gelatin sponge and NBCA (n =
1), and coils and NBCA (n = 1). When used, NBCA was mixed
with lipiodol at a ratio of 1: 1-1: 7.

Technical and clinical success of TAE and
complications

Technical success was achieved in all the cases (Figures 1 and 2).
Clinical success was achieved in 30 cases (85.7%). The clinical
success rate for each approach is shown in a flowchart (Figure 3).
Clinical success was not achieved in five cases (Table 3). One
patient became hemodynamically unstable during TAE, and
emergency thoracotomy for the evacuation of hematoma and
hemostasis was performed immediately after TAE (Patient 2 in
Table 3). Additional treatments were performed for two other
patients (a second TAE and thoracotomy for patients 3 and 4,
respectively) 1 or 2days after TAE. Among the five patients
without clinical success, three died within 1 month after TAE,
whereas two patients improved and were discharged.

A 73-year-old male who underwent TAE for post-operative
bleeding developed skin necrosis as a complication. In the
embolization procedure, a mixture of NBCA and lipiodol was
injected from a branch of the right internal thoracic artery. Skin
necrosis of the chest wall, restricted to the embolized area, devel-
oped a few days later, was managed conservatively, and resolved
subsequently. This complication was Grade 2 based on CIRSE
classification.

DISCUSSION

This study evaluated the effectiveness and safety of TAE of the
branches of the subclavian and axillary arteries for hemorrhage
control. In previous studies that reported the usefulness of TAE
for chest trauma and internal thoracic artery injury, all proce-
dures were performed via transfemoral approach.'”!® In this

Figure 1. A 62-year-old female underwent transcatheter arterial embolization of the transverse cervical artery for hemorrhage
caused by percutaneous biopsy of left supraclavicular lymph node. (a) Contrast-enhanced CT showing a pseudoaneurysm (arrow)
of the left transverse cervical artery (arrowhead). (b) Angiography of the left thyrocervical trunk showing a faint enhancement of
the pseudoaneurysm (arrowhead) of the transverse cervical artery (arrow). Note that the diagnostic catheter is advanced from
the left upper limb. (c) After coil embolization of the transverse cervical artery, angiography shows no enhancement of the pseu-

doaneurysm.
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Figure 2. An 88-year-old male underwent transcatheter arterial embolization of the internal thoracic artery for hemorrhage
caused by cardiopulmonary resuscitation. (a) Contrast-enhanced CT showing extravasation of the contrast media (arrowhead)
from the right internal thoracic artery (arrow). Hemothorax (star) is also observed. (b) Angiography of the right internal thoracic
artery showing contrast media extravasation (arrow). Note that the diagnostic catheter is advanced from the right upper limb. (c)
After embolization of the internal thoracic artery using gelatin sponge, angiography shows no extravasation of the contrast media.

study, however, transradial or transbrachial approach was used in
19 of the 35 cases (54.2%). Stroke is a serious complication asso-
ciated with TAE of the branches of the subclavian and axillary
arteries. Transradial and transbrachial approaches do not require
manipulation of a catheter in the aortic arch and brachiocephalic
trunk, possibly resulting in a lower risk of stroke than a trans-
femoral approach. Additionally, the study population was char-
acterized by old age (mean age, 76 years) and high rates of renal
impairment (26.5%) and cerebrovascular disease (14.7%), which
are known risk factors of stroke during percutaneous coronary
intervention.!” Thus, transradial and transbrachial approaches
can be used as primary techniques in TAE of the branches of
the subclavian and axillary arteries. One disadvantage of transra-
dial and transbrachial approaches is that an additional approach
might be needed when angiography and embolization of the
contralateral subclavian or axillary artery branches or other
branches supplying the chest wall or abdominal wall, such as the
intercostal and inferior epigastric arteries, are performed.

This study showed a high technical and clinical success rate
of TAE for bleeding from the branches of the subclavian and
axillary arteries. Although no previous studies have focused

on TAE for bleeding from the subclavian or axillary artery
branches, several have reported its effectiveness in these
arteries. One study evaluated the effectiveness of TAE for chest
trauma in 68 patients.'” In this study, 88 arteries were embo-
lized, of which 40 were branches of the subclavian or axillary
arteries. This study reported a clinical success rate of 92.6%.
Others have evaluated the effectiveness of TAE for internal
thoracic artery injury, and have reported high clinical success
rates of 83.3 and 100%.'”'8

Complication was observed only in one case, and we believe that
TAE of the subclavian and axillary artery branches is a safe proce-
dure. However, in addition to the aforementioned risk of stroke,
the risk of spinal cord infarction should be considered. Spinal
cord infarction may develop because of the communications
between the ascending and deep cervical arteries and vertebral
artery.?’ Additionally, spinal cord infarction after embolization
of the thyrocervical trunk has been reported.”! We recommend
careful evaluation of the angiographic image before TAE, and
that the embolization method should be determined based on
the image; e.g. coils would be preferable to particles if angiog-
raphy shows a branch to the spinal cord.**

Figure 3. Flowchart showing the number of cases and clinical success rates for each approach method. #In one case, the transfem-
oral approach was changed to a transradial approach during the procedure. tIn one case, the transradial approach was changed

to a transfemoral approach during the procedure.

All cases
(n=135)

v

\4

v

Transfemoral approach
(n=16)*
Clinical success 87.5%

Transradial approach

(n=12)t

Clinical success 83.3%

Transbrachial approach
(n="7)
Clinical success 85.7%
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Table 3. Patients in whom clinical success was not achieved
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Pt. no. / Embolized Additional
Age/Sex Cause of bleeding | Comorbidities arteries treatment Clinical course
1/64/M Percutaneous drainage Gastric cancer, pancreatitis Seven arteries® No Died due toliver failure
tube placement for 10 days later.
abdominal abscess
2/69/F Percutaneous aspiration | Myelodysplastic syndrome Internal thoracic Thoracotomy for Transferred to a
for pericardial fluid artery removal of hematoma rehabilitation hospital
and hemostasis on the 45 days later.
same day
3/78 /M Arterial injury Post-TEVAR due to aortic Costocervical trunk, Second TAE, 1 day later | Discharged home
during endovascular pseudoaneurysm internal thoracic because of decrease 20 days after
intervention artery of blood pressure and embolization.
progression of anemia.
4/81/M Antithrombotic drug Angina pectoris, chronic Lateral thoracic artery | Thoracotomy for Died due to acute
kidney disease hematoma removal respiratory distress
because of respiratory syndrome 25 days after
deterioration and embolization.
hematoma enlargement
2 days later
5/89/M Thoracic aortic Chronic kidney disease Eight arteries* No Died due to
aneurysm ruptureb disseminated
intravascular
coagulation 20 days
later.

F: female, M: male, TAE: transcatheter arterial embolization, TEVAR: thoracic endovascular aortic repair

2Inferior epigastric, internal thoracic, 10-12th intercostal, and superficial and deep circumflex iliac arteries.

PThis patient presented with a ruptured thoracic aortic aneurysm. Contrast media extravasation into the pleural cavity around the right pulmonary
apex was observed. The association between the hemorrhage and aortic aneurysm rupture remains uncertain. After emergency endovascular

aneurysm repair, embolization was performed.

“Dorsal scapular, superior cervical, thoracoacromial, lateral thoracic, thoracodorsal, and scapular circumflex arteries and thyrocervical and

costocervical trunks.

In this study, the most common cause of bleeding wasiatrogenic
complications, which accounted for nearly half of the cases. Iatro-
genic complications occur in various procedures, e.g. surgery,
transcatheter arterial intervention, percutaneous drainage, aspi-
ration, biopsy, cardiopulmonary resuscitation, and reduction of
shoulder dislocation. Although not found in this study, central
venous catheter insertion has also been reported as a cause of
bleeding from the subclavian and axillary artery branches.'”**
Clinicians ought to understand that various procedures can
cause injury to the subclavian and axillary artery branches and
that TAE is an effective treatment.

This study revealed that the internal thoracic artery was most
commonly embolized, followed by the lateral thoracic and thora-
coacromial arteries. This result is in line with that of a previous
study that reported the effectiveness of TAE for chest trauma.'?
In a previous study, the most commonly injured arterial branch

of the subclavian and axillary arteries was the internal thoracic
artery, followed by the lateral thoracic artery. This study also
revealed that various arteries were associated with bleeding: 16
different branches of the subclavian and axillary arteries were
embolized. The vascular anatomy of the branches of the subcla-
vian and axillary arteries is complex; variable patterns of origin
and bifurcation are well known.”** Interventionists should
understand the vascular anatomy of this area to correctly identify
the bleeding artery and promptly perform a TAE.

This study has some limitations. First, the study was retrospective
in design and the study population was relatively small. Second,
we could not assess factors influencing the technical and clinical
success rates because failure rates were low.

In conclusion, TAE is an effective and safe treatment for hemor-
rhage from the branches of the subclavian and axillary arteries.
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