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Abstract

Objective: This study was performed to evaluate the safety and efficacy of endovascular stenting

and embolization for the management of radiation-induced peripheral arterial pseudoaneurysms.

Methods: Twelve consecutive patients with radiation-induced peripheral arterial pseudoaneur-

ysms (diameter of 10–30mm and mean size of 20.42mm) were admitted to our hospital from

1 January 2015 to 31 October 2019. The patients’ baseline characteristics, perioperative param-

eters, device characteristics, and curative effects were systematically recorded and analyzed.

Results: The 12 patients comprised 3 men and 9 women with a mean age of 62.90� 13.97 years.

The iliac artery was the most commonly involved artery, followed by the subclavian artery. In all

patients, the pseudoaneurysms were detected by enhanced computed tomography. Twelve cov-

ered stents were deployed (7 or 8mm in diameter and 50mm in length). Additional coil embo-

lization was performed in three patients (Patients 8, 9, and 10). The primary and secondary

technical success rate was 91.7% and 100%, respectively. Apart from one death caused by

rebleeding, no patients developed rebleeding during follow-up.

Conclusion: Endovascular stenting and coil embolization are feasible and effective for the man-

agement of radiation-induced peripheral arterial pseudoaneurysms in highly selected patients.
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Introduction

Pseudoaneurysms are localized arterial
lesions that communicate with the parent
artery by external walls composed of peri-
vascular tissue or blood clots rather than
the three layers of the arterial wall.1

According to previous literature, the most
widely observed causes of pseudoaneurysms
are intravenous drug abuse, trauma,
intragenesis, tumors, infection, and athero-
clerosis.2,3 Most pseudoaneurysms involve
the femoral arteries. Although many
imaging modalities are employed for the
diagnosis of pseudoaneurysms, duplex
ultrasonography remains the most com-
monly used initial investigation because of
its low cost, wide availability and accessibil-
ity, and reproducibility. Peripheral arterial
pseudoaneurysms are usually managed
through several complicated techniques,
including ultrasound-guided compression,
ultrasound-guided thrombin injection, sur-
gery, and endovascular approaches.1 The
treatment strategy varies depending on the
segment of the involved artery and the pres-
ence of infection. Endovascular therapy
provides good control of bleeding and has
become a preferred technique for preserving
the patency of the involved artery.3

Radiotherapy has been considered an
alternative to surgery and chemotherapy
for the management of malignancies.
A radiation-induced pseudoaneurysm is a
rarer complication than stenosis or
occlusion of the peripheral artery.4,5

Throughout the history of surgery and
radiotherapy, the performance of bypass

or ligation via open surgery in these

patients has been unfavorable. In this

regard, endovascular repair consisting of

coil or glue embolization and deployment

of covered stents was introduced to treat

radiation-induced peripheral arterial pseu-

doaneurysms.2,5–8 Lam et al.9 reported

that 23 patients with radiation-induced

pseudoaneurysms of the internal carotid

artery underwent endovascular therapy

and that 20 of these patients achieved suc-

cessful control of hemorrhage. Radiation-

induced pseudoaneurysms of peripheral

arteries are rare but life-threatening compli-

cations because of the high risk of massive

bleeding and the extreme difficulty of open

surgery. Therefore, endovascular repair

with covered stents may serve as an alter-

native to open surgery. In this study, we

evaluated the safety and efficacy of endo-

vascular stenting and coil embolization for

the management of radiation-induced pseu-

doaneurysms of the peripheral arteries.

Methods

Patient enrollment and definitions

The single-center retrospective study was

approved by the ethics committee of our

institution, and the requirement for written

informed consent was waived. Twelve con-

secutive patients with radiation-induced

pseudoaneurysms of the peripheral arteries

and resultant massive bleeding were admit-

ted to our hospital from 1 January 2015 to

31 October 2019. All patients had a history
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of radiotherapy for treatment of malignan-
cies. The iliac artery, including the external
and internal branches, was the most com-
monly involved artery (50.0%), followed by
the subclavian artery (41.7%); the common
femoral artery was affected in one patient.
Endovascular stenting and coil emboliza-
tion were performed to manage life-
threatening bleeding. The patients’ medical

records and imaging findings were
reviewed. The patients’ baseline character-

istics, perioperative parameters, device
characteristics, and outcomes were exam-

ined in detail.
Patients with the following clinical and

imaging characteristics (Figure 1(a)) were
considered to have radiation-induced pseu-

doaneurysms of the peripheral arteries.

Figure 1. Images of a 66-year-old man with carcinoma of the penis. (a) Enhanced computed tomography
revealed skin and tissue necrosis with the formation of an ulceration (arrow) involving the right common
femoral artery (arrowhead). (b) Pre-stenting angiogram showed a saccular aneurysm of the right common
femoral artery without extravasation of contrast material (arrow). (c) Embolization of the femoral profound
artery using coils was performed to prevent endoleakage (arrow). (d) Post-stenting angiogram showed
complete exclusion of the pseudoaneurysm (arrow) with a patent common femoral artery.
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Performance of endovascular therapy with
a covered stent was taken into account.

a. Diagnosis of a malignancy with a history
of radiotherapy

b. Symptoms consisting of pain, neuralgia,
or edema caused by compression, distal
embolization, skin or tissue necrosis, or
artery rupture

c. No recurrence of malignancies or
infection

d. A requirement to preserve the parent
artery
Primary technical success was defined as

complete exclusion of the pseudoaneurysm
with the absence of extravasation of con-
trast agent on angiography and no develop-
ment of severe complications. Secondary
technical success was defined as reinterven-
tion with achievement of the criteria
required for primary technical success.
Follow-up of the patients, including clinical
assessment, physical examination, laborato-
ry testing, and imaging evaluation, was per-
formed 1 month after the procedure and
every 3 months thereafter.

Endovascular procedure

All procedures were performed in a hybrid
unit under local anesthesia and fluoroscopic
monitoring. To exclude the effects of fluc-
tuation from operation-related factors, two
operators with more than 20 years of exten-
sive experience in the endovascular treat-
ment of peripheral artery disorders carried
out the procedures.

Typically, the common femoral artery
was used as an access site for deployment
of the stents. After intravenous administra-
tion of heparin (80U/kg), a pigtail catheter
(Cook Medical, Bloomington, IL, USA)
was advanced into the aorta via a sheath
(Terumo Corporation, Tokyo, Japan) posi-
tioned in the femoral artery. Aortography
was then performed to confirm the
ostium of the parent artery. Along with a

stiff-angled guidewire (Terumo
Corporation), the parent artery was
screened and selected via a VERT catheter
(Cordis Corporation, Santa Clara, CA,
USA). An angiogram with the indication
of a swirl pattern in the pseudoaneurysm
was obtained (Figure 1(b)). An 8-Fr
sheath (Cook Medical) was exchanged and
advanced immediately proximal to the
pseudoaneurysm. With the assistance of a
5-Fr multipurpose catheter (Cordis
Corporation), an 0.035-inch extra-stiff
guidewire (Cook Medical) was advanced
distal to the pseudoaneurysm in the parent
artery. A Viabahn stent graft (5/7/8mm in
diameter, 50mm in length; W.L. Gore,
Flagstaff, AZ, USA) was introduced
through the sheath and deployed to exclude
the pseudoaneurysm sac. The sheath was
withdrawn for precise deployment of the
covered stent. Positive re-expansion of the
stent was detected in all patients, and no
further post-dilation was necessary. In
addition, assistant techniques using coil
(Cook Medical) embolization were per-
formed in three patients (Figure 1(c)).
Repeat angiography confirmed complete
exclusion of the pseudoaneurysms and
brisk perfusion to the ipsilateral upper or
lower extremities (Figure 1(d)). The patients
were observed in the intensive care unit
overnight. Low-molecular-weight heparin
(5000 U once daily) was administered for
3 days after the procedure, and clopidogrel
(75 mg daily) was then used for the follow-
ing 6 months. An angiogram after deploy-
ment of the covered stent showed distal
embolization in one patient with a pseudoa-
neurysm involving the right subclavian
artery (Figure 2(a)–(c)). Thrombus aspira-
tion using a 6-Fr guiding catheter was per-
formed, and a subsequent angiogram
demonstrated brisk perfusion (Figure 2
(d)). As shown in Figure 2(e), computed
tomography angiography showed patency
of the right subclavian artery and the cov-
ered stent 3 months after the procedure.
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Figure 2. Images of a 71-year-old woman with breast cancer. (a) Computed tomography with enhancement
showed skin ulceration (arrow) and a saccular aneurysm (arrowhead) involving the right subclavian artery.
(b) Angiography revealed a pseudoaneurysm of the right subclavian artery (arrow). (c) Distal embolization
was detected after deployment of a covered stent graft (arrow). (d) Post-stenting angiogram showed
complete exclusion of the pseudoaneurysm sac (arrow) with a patent subclavian artery. (e) Repeat com-
puted tomography angiography demonstrated patency of the covered stent 3 months after the procedure.
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Statistical analysis

Categorical variables are presented as

number and proportion. Continuous varia-

bles are expressed as mean� standard

deviation and were compared using

Student’s t-test. All statistical analyses

were performed using IBM SPSS Statistics

for Windows, Version 19.0 (IBM Corp.,

Armonk, NY, USA). A P-value of <0.05

was considered statistically significant.

Results

Patients’ baseline characteristics

Table 1 shows the baseline characteristics of

the patients as abstracted from the medical

records. This study involved 12 patients (3

men, 9 women; mean age, 62.90� 13.97

years) with radiation-induced pseudoaneur-

ysms (10–30mm in diameter; mean diame-

ter, 20.42mm) of the peripheral arteries.

Before admission to our hospital, all

patients had developed active bleeding,

and peripheral arterial pseudoaneurysms

were detected by computed tomography

angiography. For patients with suspected

recurrence of malignancy, percutaneous

biopsies were performed with negative

results. No evidence of infection was

detected in any patient. Therefore, all pseu-

doaneurysms of the peripheral arteries were

considered to be radiation-induced.

Moreover, three patients had a history of

hypertension and two patients had coro-

nary artery disease. The primary malignan-

cies comprised uterine cervical cancer

(n¼ 4), breast cancer (n¼ 3), rectal cancer

(n¼ 2), non-small cell lung cancer (n¼ 1),

invasive thymoma (n¼ 1), and carcinoma

of the penis (n¼ 1). The iliac artery, includ-

ing the external and internal branches, was

the most commonly involved artery

(50.0%), followed by the subclavian artery

(41.7%). The mean duration from radiation

therapy to the onset of the pseudoaneurysm

was 32.75� 9.14 months.

Perioperative parameters and device

characteristics

The patients’ perioperative parameters and

device characteristics are listed in Table 2.

All procedures were performed under local

anesthesia and fluoroscopic monitoring in a

hybrid unit. A saccular aneurysm was

detected in all patients, and angiography
showed massive extravasation of the con-

trast agent from the parent arteries in

eight patients. Endovascular repair with

an assistant technique tended to consume

more time than endovascular repair with

deployment of a covered stent only

(108.75� 16.52 vs. 98.13� 19.07 minutes,
respectively). The duration of the procedure

in patients with involvement of an artery of

the upper extremity and lower extremity

was not significantly different at 105.00�
12.75 and 99.29� 22.07 minutes, respective-

ly. In total, 12 covered stents were deployed
(7 or 8mm in diameter, 50mm in length).

Coil embolization was further performed in

three patients. Angiography after deploy-

ment of the covered stent showed distal

embolization in one patient with a pseudoa-

neurysm involving the right subclavian
artery. Thrombus aspiration using a 6-Fr

guiding catheter was performed, and the

subsequent angiogram demonstrated brisk

perfusion.

Efficacy and follow-up

As shown in Table 3, successful control of
bleeding was achieved in 11 patients. One

patient with a pseudoaneurysm of the right

internal iliac artery, in whom transarterial

embolization using coils had been pre-

performed, developed rebleeding 7 days

after embolization. The ostium of the inter-
nal iliac artery was covered with a Viabahn

stent graft during reintervention.

6 Journal of International Medical Research
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No extravasation of contrast was revealed

on the postprocedural angiogram. The pri-

mary and secondary technical success rate

was 91.7% and 100%, respectively. Mild

transient pelvic pain was encountered in

one patient without the need for reinterven-

tion. Prophylactic antibiotics and low-

molecular-weight heparin (5000 U once

daily) were administered for 3 days after

the procedure in all patients. Clopidogrel

(75 mg daily) was subsequently used in

nine patients. Antiplatelet therapy was not

administered to Patients 5 and 8 because of

their high risk of bleeding according to the

CRUSADE model. During a mean follow-

up of 9.50� 2.81 months, sudden death

unrelated to the pseudoaneurysm occurred

in one patient (Patient 8). Another patient

(Patient 2) died of rebleeding 3 months after

the procedure, but none of the remaining

patients developed rebleeding during

follow-up. However, six patients (Patients

1, 4, 5, 7, 10, and 11) died of disease pro-

gression during follow-up.

Discussion

In this study, 12 patients with radiation-

induced peripheral arterial pseudoaneur-

ysms underwent endovascular repair using

covered stents, and 3 patients further

underwent coil embolization as an assistant

technique. A minor complication (distal

embolization) occurred in one patient

during this procedure and was resolved by

transcatheter aspiration. Therefore, this

technique has great potential to become a

safe and effective treatment for controlling

bleeding in this subgroup of patients with a

primary technical success rate of 91.7% and

a secondary technical success rate of 100%.

Clinicians should be aware of the potential

need for an assistant technique and reinter-

vention during the procedure and follow-

up. Involvement of large vessels surrounded

Table 2. Perioperative parameters and device characteristics.

Patient

No.

Duration of

procedure,

min

Manifestation of

angiography

Free from

general

anesthesia

Estimated

blood

loss, mL

Intraoperative

adverse events Parameters of device, mm

1 90 PSA Yes 15 None Viabahn, 8mm� 50mm,

TAE (IMWCE,

5mm� 50mm/5mm� 30mm)

2 125 PSA, Yes 500 Distal

embolization

Viabahn, 7mm� 50mm

3 110 PSA, CE Yes 500 None Viabahn, 8mm� 50mm

4 125 PSA, CE Yes 800 None Viabahn, 8mm� 50mm,

TAE (Interlock, 10mm� 30 cm)

5 95 PSA, CE Yes 600 None Viabahn, 8mm� 50mm

6 100 PSA Yes 20 None Viabahn, 7mm� 50mm

7 90 PSA Yes 30 None Viabahn, 8mm� 50mm

8 120 PSA, CE Yes 400 None Viabahn, 8mm� 50mm,

TAE (Interlock, 8mm� 30 cm)

9 100 PSA, CE Yes 300 None TAE (Interlock,

8mm� 30 cm/10mm� 30 cm)

Viabahn, 8mm� 50mm

10 95 PSA Yes 20 None Viabahn, 8mm� 50mm

11 110 PSA, CE Yes 200 None Viabahn, 8mm� 50mm

12 60 PSA, CE Yes 500 None Viabahn, 7mm� 50mm

PSA, pseudoaneurysm; CE, contrast extravasation; TAE, transarterial embolization.
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by necrosis and fibrosis and patients’ unsta-
ble condition due to active bleeding cause
open surgery to have a limited role in the
management of these patients.

Although the incidence of peripheral
artery pseudoaneurysm is rare, the risk of
mortality is remarkably high because of
massive hemorrhage when these pseudoa-
neurysms rupture. In most patients, rupture
is induced by trauma, iatrogenesis, arterio-
sclerosis, inflammation, and mycotic infec-
tion.1–3 Luther et al.3 reported that
peripheral arterial aneurysms are common
in Northern India and that the most
common etiology is intravenous drug
abuse, followed by trauma. The presenta-
tions include a pulsatile mass, pain, edema
or neuralgia caused by compression, distal
embolization, and active bleeding. For
diagnosis of pseudoaneurysms, duplex
ultrasonography is preferred with a
sensitivity of 94% and specificity 97% for
symptomatic patients.1 Indications for
management include rapid enlargement,
pain, neuralgia or edema caused by com-
pression, distal embolization, infection,
skin or tissue necrosis, and artery rup-
ture.2,6,9,10 More aggressive surveillance
and intervention should be considered for
asymptomatic pseudoaneurysms of >2 cm.1

Hall et al.1 indicated that surgical repair
should be considered for patients with pseu-
doaneurysms caused by previous vascular
interventions, infections, and no iatrogene-
sis. Urgent surgery should be performed in
patients with ruptured pseudoaneurysms,
an expanding mass, and compression of
surrounding structures causing neuralgia
and critical extremity ischemia.1 In the
above-mentioned study by Luther et al.,3

50 patients who had peripheral arterial
pseudoaneurysms with various presenta-
tions and etiologies underwent surgical
treatment, and uneventful recovery was
achieved in 33 patients.3 Furlough et al.11

performed 57 peripheral reconstructions
using cryopreserved arterial allografts

with a mortality of 8% within 30 days.
The authors suggested that a cryopreserved
arterial allograft might be a useful
alternative conduit for peripheral arterial
pseudoaneurysms.11 In another study,
ultrasound-guided compression repair was
introduced as a less invasive approach to
manage peripheral artery pseudoaneurysms
in 21 patients, and successful thrombosis of
the pseudoaneurysm sac was achieved in 19
of the patients.12

Radiotherapy causes DNA damage,
which leads to growth inhibition followed
by cellular death or apoptosis. This treat-
ment is regularly performed as part of
cancer management.13 However, radiation
can induce undesirable complications
involving radiosensitive structures close to
the malignancies. Radiation-induced vascu-
lar lesions tend to be characterized by either
stenosis or occlusion; a pseudoaneurysm of
the peripheral artery is a rare complica-
tion.7 Such pseudoaneurysms can involve
the internal or external carotid artery, bra-
chiocephalic artery, hepatic artery, or inter-
nal or external iliac artery according to
previous reports.2,7,8,14

To our knowledge, randomized data
with which to guide the management of
radiation-induced pseudoaneurysms of
peripheral arteries are lacking; most data
are derived from case series. According to
published reports, endovascular repair of
radiation-induced pseudoaneurysms using
coil embolization or covered stents seemed
to be a viable and less invasive alternative,
especially in life-threatening cases.6,7,10,15

Several case reports have confirmed the fea-
sibility and efficacy of endovascular man-
agement to control bleeding caused by
radiation-induced pseudoaneurysms.4,6,16,17

Lam et al.9 reported that among 23 patients
with radiation-induced pseudoaneurysms of
the internal carotid artery who underwent
endovascular repair, the technical success
rate was 87%, and 18 patients survived
throughout follow-up. Chen et al.15
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performed endovascular treatment for the
control of active vaginal bleeding due to
radiation-induced artery lesions in six
patients with uterine cervical cancer. The
primary and secondary technical success
rate was 50% and 100%, respectively.
Successful control of bleeding was achieved
within 1 month in five patients, and only
one minor complication occurred.15

Endovascular repair using coil
embolization has been employed to treat
life-threatening bleeding from radiation-
induced pseudoaneurysms involving arteries
of tiny caliber.6,15 In addition to coil embo-
lization, deployment of covered stents to
preserve the patency of the parent artery
has been verified to control bleeding.2,15

Ligation of the parent artery combined
with surgical bypass seems to be an effective
alternative for patients in whom endovascu-
lar revascularization is not feasible.15,18 To
this end, Table 4 summarizes previously
published studies of endovascular repair
for radiation-induced pseudoaneurysms of
peripheral arteries. The risk of stent graft
infection is very low during endovascular
repair of peripheral artery disorders, and
antibiotic prophylaxis is therefore not
widely performed in such cases.19,20 In con-
trast, because of skin or mucosal necrosis
with a high risk of infection, antibiotic pro-
phylaxis was administered to all patients in
our study. No patients developed stent graft
infection during follow-up. Endovascular
repair using a covered stent was performed
in all patients, and three patients required an
assistant technique using coil embolization.
No hybrid procedure was performed.
According to our experience, radiation-
induced pseudoaneurysms of the peripheral
arteries can be managed by endovascular
repair in most patients.

Conclusion

Radiation-induced pseudoaneurysms of the
peripheral arteries are fatal for patientsT
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with massive hemorrhage after radiothera-

py. Our study showed that the formation of

pseudoaneurysms was due to radiation.

Endovascular repair can serve as the first-

line treatment because both diagnosis and

management can be performed in one ses-

sion. According to our findings, deploy-

ment of a covered stent to preserve the

perfusion of the parent artery and exclude

the aneurysm sac is feasible to manage

radiation-induced pseudoaneurysms of the

peripheral arteries in highly selected

patients. This study was mainly a retrospec-

tive data analysis, had a moderate sample

size with mid-term follow-up, and did not

directly compare patients selected for endo-

vascular repair versus open surgery.

Therefore, further clinical trials with long-

term surveillance are mandatory to more

fully evaluate the safety and efficacy of

endovascular repair and recognize evolving

complications.
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