Int J Clin Exp Med 2015;8(6):9362-9367
www.ijcem.com /ISSN:1940-5901/1JCEM0008155

Original Article
Application of stent-graft is the optimal therapy for
traumatic internal carotid artery pseudoaneurysms

Li Pan®, Peng Liu*, Ming Yang, Lianting Ma, Jun Li, Gang Chen

Department of Neurosurgery, Wuhan General Hospital of Guangzhou Military Command, People’s Republic of
China. “Equal contributors.

Received March 18, 2015; Accepted June 3, 2015; Epub June 15, 2015; Published June 30, 2015

Abstract: Background: Traumatic pseudoaneurysm of the internal carotid artery (ICA) is an uncommon but serious
complication, and difficult to repair surgically. Minimally invasive endovascular treatment of traumatic injuries of the
ICA with a stent graft has become increasingly popular over the past decade. The efficacy of the stent graft appears
satisfactory, but most if not all reported studies have involved small patient cohorts (less than 10) with short follow-
up periods (less than 3 years). Methods: In this prospective study, 13 patients with traumatic pseudoaneurysm of
the ICA were recruited from June 2008 to June 2012. All the patients were examined using whole-brain cerebral
angiography and followed up for as long as five years. Willis intracranial vascular stent grafts, manufactured by
Shanghai Microport, were chosen as embolism material. Results: All 13 patients achieved good clinical outcome.
Pseudoaneurysm recurred in one patient and this patient was treated by balloon occlusion of the parent artery. No
patient suffered recurrent bleeding or death. Conclusion: Based on the outcomes of this relatively large cohort and
long follow-up period, we believe that stent graft is an optimal therapy for patients with traumatic pseudoaneurysms

of the ICA.
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Introduction

A pseudoaneurysm forms as the result of a
leaking hole in an artery. While contained by
surrounding tissues, it still communicates with
the artery [1]. This can occur at any artery in the
body [2, 3]. Two major causes of pseudoaneu-
rysm are catheterization and trauma [4, 5]. In
the adult population, traumatic pseudoaneu-
rysm of the internal carotid artery (ICA) is rare
and accounts for less than 1% of all cerebral
aneurysms [6, 7]. However, complications can
be disastrous and may include regrowth, isch-
emia, compression symptoms, thromboembo-
lism, or eventually, rupture [8]. Therefore, early
diagnosis and optimal treatment of traumatic
pseudoaneurysms of the ICA is quite impor-
tant.

Many options exist for the treatment of pseu-
doaneurysms, and in the past surgery was the
gold standard. Several less invasive treatment
options are more popular today, including cov-

ered stent, ultrasound probe compression, and
ultrasound-guided thrombin injection [9-11].
However, these new treatments, especially cov-
ered stent, are still not universally accepted.

A stent graft is a tube of fabric supported by
metal mesh, which can support weak points in
blood vessels and keep blood flow unobstruct-
ed [11, 12]. Recently, stent grafts have been
used in the treatment of traumatic pseudoan-
eurysms of the ICA. By placing stent grafts
across the hole of an ICA pseudoaneurysm, we
can thrombose the pseudoaneurysm immedi-
ately and simultaneously preserve or recon-
struct the parent vessel. Although studies have
supported the safety and efficacy of stent grafts
for treating traumatic pseudoaneurysms of the
ICA, they have been limited by small cohorts
and short follow-up periods [8, 13, 14].

Herein, we describe 13 patients with traumatic
pseudoaneurysms of the ICA treated by stent
graft and their five-year follow-up.
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Table 1. Summary of the information and outcomes from 13 patients*

Case Age, Gender Cause of injury Outcome Follow-up
(months)

1 37 M Traffic accident Without pseudoaneurysm development at 12 months 12

2 38 M Traffic accident Without pseudoaneurysm development at 24 months 24

3 15 F Fall from third floor Multiple pseudoaneurysm stable at 24 months 24

4 30 M Traffic accident Multiple pseudoaneurysm stable at 36 months 36

5 28 M Fall from second floor ~ Without pseudoaneurysm development at 30 months 30

6 6 F Fall from standing position Stable at 15 months 15

7 30 M Traffic accident Without pseudoaneurysm development at 48 months 48

8 29 M Beaten with heavy object Without pseudoaneurysm development at 3 months 3

9 38 M Traffic accident Stable at 30 months 30

10 19 M Traffic accident Without pseudoaneurysmdevelopment at 12 months 12

11 16 M Traffic accident Without pseudoaneurysm development at 6 months 6

12 20 M Stabbing wounds Without pseudoaneurysm development at 36 months 36

13 30 M Beaten with beer bottle Stable at 18 months 18

*Pseudoaneurysms were located in the ICA in all cases.

Materials and methods

Study subjects

In this prospective study, 13 patients (11 ma-
les) with traumatic pseudoaneurysm of the ICA
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Figure 1. A and B. Posterior-
anterior and lateral DSA imag-
ing. The pseudoaneurysm was
located at the supraclinoid
portion of the right ICA and
ophthalmic artery segment.
C and D. Treatment with Wil-
lis stents (3.5 x 10 mm, 3.0 x
7 mm). The pseudoaneurysm
disappeared completely after
the operation. E. CTA follow-
up showed good stent posi-
tion and disappearance of the
pseudoaneurysm.

were recruited from June 2008 to June 2012
(Table 1). Their ages ranged from 15 to 38
years with an average of 28.9 years. All diagno-
ses were based on solid clinical presentation
and images. In all cases, the time from injury to
pseudoaneurysm development is between 3
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Figure 2. Imaging of the pseudoaneurysm before and during treatment, and at follow-up. A. CTA indicated traumatic
ICA pseudoaneurysm. B. DSA-lateral showed that the Willis stent accurately covered the pseudoaneurysm. C. One
week after the operation, CTA showed complete occlusion of the pseudoaneurysm with good stent position and
shape. D. Three months after the operation, CTA indicated that the position of the Willis stent graft was good and

the pseudoaneurysm disappeared.

hours to 48 hours. The Ethics Committee of
Wuhan General Hospital of Guangzhou Com-
mand reviewed and approved this study. All
patients agreed to participate in this study and
provided a signed informed consent form.

Clinical manifestations

All the 13 patients had definite head and neck
trauma. Five had repeated excessive epistaxis,
which is not due to issues of external carotid
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branch in our study, 4 suffered from headache
and subarachnoid hemorrhage, 1 had intracra-
nial hematoma, 2 developed intracranial vascu-
lar murmur, and 1 had a local pulsatile mass
that continued to enlarge. GCS Scores are from
7 to 14.

Radiographic inspection

All the patients underwent digital subtraction
angiography (DSA). In 2, 3, 3, and 6 cases the
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Figure 3. Representative CTA images 15 months after surgery.

ICA pseudoaneurysms were in the internal
carotid petrous, cavernous, ophthalmic, and
communicating segments, respectively. There
were 2 cases of multiple ICA pseudoaneu-
rysms, 2 with internal carotid cavernous sinus
fistula, and one with an ICA dissecting an-
eurysm.

Treatment

All the patients were inspected using whole-
brain cerebral angiography to study the site,
size, shape, and relationship with the parent
artery of the pseudoaneurysm and the collat-
eral circulation of the circle of Willis. Based
on these images, endovascular interventional
treatments were determined and performed.
Willis intracranial vascular stent grafts, manu-
factured by Shanghai Microport, were chosen
as embolism material.

After interventional treatment, all patients rou-
tinely took clopidogrel bisulfate (Plavix) for 6
months (75 mg per day) and aspirin for 12
months (100 mg per day). At months 1, 3, 6,
and 12 of the treatment course, coagulation
and platelet activation were measured and the
drug dose was adjusted accordingly.

Results
General patient outcomes

All 13 patients underwent stent graft treatment
(Table 1), but one patient was administered a
parental artery balloon occlusion due to a huge
ICA pseudoaneurysm and the absence of an
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appropriately sized stent graft. The remaining
12 patients were cured by stent graft and main-
tained a stable condition. Several patients were
followed up by DSA and computed tomography
angiogram (CTA). The stent graft was shown to
be normal in shape and position in all patients.
The artery previously bearing the pseudoaneu-
rysm was patent, and the previous pseudoan-
eurysm had disappeared. The follow-up period
for several patients lasted 4 years.

Detailed presentation of two patients from di-
agnosis to cure

One patient showed pseudoaneurysm at the
supraclinoidal portion of the right ICA and the
ophthalmic artery segment (Figure 1). Willis
stent grafts were applied in this case and the
pseudoaneurysm completely disappeared after
the operation. After two months, at follow-up
the stent was positioned well, without pseu-
doaneurysm.

For another patient we successfully covered
the pseudoaneurysm using a Willis stent graft.
One week after the surgery, the pseudoaneu-
rysm was blocked and the stent was in good
position and shape. This patient was followed
for 15 months. The CTA showed that the Willis
stent graft was well positioned and the pseu-
doaneurysm was gone (Figures 2 and 3)

Discussion

Traumatic ICA pseudoaneurysm is an uncom-
mon disease and diagnosis is often delayed.
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Nevertheless, at times there are severe compli-
cations [14-18]. In the past, surgery was the
gold standard treatment for traumatic ICA
pseudoaneurysm, but current management
strategies are controversial, including endovas-
cular treatment with covered stents. The results
of all reported cases highly suggest that the
stent graft is the optimal therapy for traumatic
ICA pseudoaneurysms, but the number of treat-
ed patients in each study have been relatively
small and the follow-up periods have been
short [14-18]. Here, we summarize our results
for 13 patients who were followed for up to four
years. Consistent with previous reports, our
results clearly show that patients with traumat-
ic ICA pseudoaneurysms can be successfully
treated by stent graft and sustain good long-
term outcomes. The information provided here
has significance for the clinical management of
patients with traumatic ICA pseudoaneurysms.

In 1998, two groups reported the first success-
ful treatment of traumatic extracranial ICA
pseudoaneurysms using polytetrafluoroethyl-
ene (PTFE) or autologous vein-covered stents
[19, 20]. Subsequent studies of the treatment
of traumatic ICA pseudoaneurysms with cov-
ered stents or stent grafts have been mainly
case reports with few patients [14-18]. Although
almost all the reported cases showed positive
results with the application of stent grafts, the
overall number is still very limited. In addition,
more than 43 cases of traumatic ICA pseudoa-
neurysms have been treated with various cov-
ered stents [14, 21-23] but in almost all the
follow-up time was less than two years. In our
study, the follow-up time in five patients was
more than 2 years and up to four years (The
median is 24 months and the range is 45
months) (Table 1). Therefore, our results are
a valuable contribution toward information re-
garding the application of stent graft for treat-
ment of traumatic ICA pseudoaneurysms.

A recent report concerning the treatment of
traumatic ICA pseudoaneurysms also had a
relatively large number of patients [8], in which
14 pseudoaneurysms were treated in 13
patients. The initial angiographic results show-
ed complete exclusion in 9 patients and incom-
plete exclusion in 4, and the follow-up angio-
graphic findings revealed complete exclusion in
12 patients and an incomplete exclusion in 1
patient. At the end of follow-up, all patients had
demonstrated patency of the ICA.
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Among the 13 patients in our study, a pseudoa-
neurysm recurred in one patient, and this
patient was treated by balloon occlusion of the
parent artery. The remaining 12 patients were
cured by stent grafts. Postoperative DSA indi-
cated a disappearing pseudoaneurysm in 11
patients. Another pseudoaneurysm developed
after release of the stent graft, and showed no
change on repeated angiography after 2 days.
Hence after the strict balloon occlusion test,
the aneurysm and parental artery were occlud-
ed simultaneously. Taken together, more than
80% of the patients with traumatic ICA pseu-
doaneurysm were treated successfully with
one application of the stent graft. Our results
clearly show that stent graft is an optimal ther-
apy for traumatic ICA pseudoaneurysms.

Disclosure of conflict of interest
None.

Address correspondence to: Peng Liu, Department
of Neurosurgery, Wuhan General Hospital of
Guangzhou Military Command, People’s Republic of
China. Tel: +86-27-50773508; Fax: +86-27-8774-
0925; E-mail: 5564793@qg.com

References

[1] Pearson SE and Choi SS. Pseudoaneurysm of
the internal carotid artery: a case report and
review of the literature. Arch Otolaryngol Head
Neck Surg 2005; 131: 454-456.

[2] Frances C, Romero A and Grady D. Left ven-
tricular pseudoaneurysm. J Am Coll Cardiol
1998; 32: 557-561.

[3] Merkus JW, Nieuwenhuijzen GA, Jacobs PP,
van Roye SF, Koopman R, Pruszczynski MS
and van der Vliet JA. Traumatic pseudoaneu-
rysm of the superficial temporal artery. Injury
1994; 25: 468-471.

[4] Borazjani BH, Wilson SE, Fujitani RM, Gordon I,
Mueller M and Williams RA. Postoperative
complications of carotid patching: pseudoan-
eurysm and infection. Ann Vasc Surg 2003; 17:
156-161.

[5] Levin S and Sullivan T. Surgical repair of a
common carotid artery pseudoaneurysm after
minor blunt trauma. Ann Vasc Surg 2013; 27:
241, e247-249.

[6] DuBose J, Recinos G, Teixeira PG, Inaba K and
Demetriades D. Endovascular stenting for the
treatment of traumatic internal carotid inju-
ries: expanding experience. J Trauma 2008;
65: 1561-1566.

[71 Chen G, LiJ, Xu G, Qin S, Gong J, Yang M, Pan
L, Zhang G and Ma L. Diagnosis and treatment

Int J Clin Exp Med 2015;8(6):9362-9367


mailto:5564793@qq.com

(8]

(9]

[10]

(11]

[12]

[13]

(14]

[15]

(16]

9367

Application of stent-graft in artery pseudoaneurysms

of traumatic internal carotid artery pseudoan-
eurysm primarily manifested by repeated epi-
staxis. Turk Neurosurg 2013; 23: 716-720.
Wang W, Li MH, Li YD, Gu BX, Wang J, Zhang PL
and Li M. Treatment of traumatic internal ca-
rotid artery pseudoaneurysms with the Willis
covered stent: a prospective study. J Trauma
2011; 70: 816-822.

Kouvelos GN, Papas NK, Arnaoutoglou EM,
Papadopoulos GS and Matsagkas MI. Endova-
scular repair of profunda femoral artery false
aneurysms using covered stents. Vascular
2011; 19: 51-54.

Tisi PV and Callam MJ. Treatment for femoral
pseudoaneurysms. Cochrane Database Syst
Rev 2009: CD004981.

Baril DT, Silverberg D, Ellozy SH, Carroccio A,
Jacobs TS, Sachdev U, Teodorescu VJ,
Lookstein RA and Marin ML. Endovascular
stent-graft repair of failed endovascular ab-
dominal aortic aneurysm repair. Ann Vasc Surg
2008; 22: 30-36.

Criado FJ, Barnatan MF, Lingelbach JM, Mills
JD, Richards BE and Morgan WR. Abdominal
aortic aneurysm: overview of stent-graft devic-
es. J Am Coll Surg 2002; 194: S88-97.

Ahn JY, Chung YS, Lee BH, Choi SW and Kim
0J. Stent-graft placement in a traumatic inter-
nal carotid-internal jugular fistula and pseudo-
aneurysm. J Clin Neurosci 2004; 11: 636-639.
Maras D, Lioupis C, Magoufis G, Tsamopoulos
N, Moulakakis K and Andrikopoulos V. Covered
stent-graft treatment of traumatic internal ca-
rotid artery pseudoaneurysms: a review.
Cardiovasc Intervent Radiol 2006; 29: 958-
968.

Akiyama Y, Nakahara |, Tanaka M, lwamuro Y,
Hayashi J, Harada K and Fujimoto M. Urgent
endovascular stent-graft placement for a rup-
tured traumatic pseudoaneurysm of the extra-
cranial carotid artery. J Trauma 2005; 58: 624-
627.

ul Haq T, Yaqoob J, Munir K and Usman MU.
Endovascular-covered stent treatment of post-
traumatic cervical carotid artery pseudoaneu-
rysms. Australas Radiol 2004; 48: 220-223.

(17]

(19]

[20]

(21]

[22]

(23]

Scavee V, De Wispelaere JF, Mormont E,
Coulier B, Trigaux JP and Schoevaerdts JC.
Pseudoaneurysm of the internal carotid artery:
treatment with a covered stent. Cardiovasc
Intervent Radiol 2001; 24: 283-285.

Kubaska SM 3rd, Greenberg RK, Clair D,
Barber G, Srivastava SD, Green RM, Waldman
DL and Ouriel K. Internal carotid artery pseu-
doaneurysms: treatment with the Wallgraft en-
doprosthesis. J Endovasc Ther 2003; 10: 182-
189.

Reiter BP, Marin ML, Teodorescu VJ and Mitty
HA. Endoluminal repair of an internal carotid
artery pseudoaneurysm. J Vasc Interv Radiol
1998; 9: 245-248.

Marotta TR, Buller C, Taylor D, Morris C and
Zwimpfer T. Autologous vein-covered stent re-
pair of a cervical internal carotid artery pseu-
doaneurysm: technical case report. Neuro-
surgery 1998; 42: 408-412; discussion 412-
403.

Saatci |, Cekirge HS, Ozturk MH, Arat A,
Ergungor F, Sekerci Z, Senveli E, Er U, Turkoglu
S, Ozcan OE and Ozgen T. Treatment of internal
carotid artery aneurysms with a covered stent:
experience in 24 patients with mid-term follow-
up results. AJNR Am J Neuroradiol 2004; 25:
1742-1749.

Li MH, Li YD, Gao BL, Fang C, Luo QY, Cheng
YS, Xie ZY, Wang YL, Zhao JG, Li Y, Wang W,
Zhang BL and Li M. A new covered stent de-
signed for intracranial vasculature: application
in the management of pseudoaneurysms of
the cranial internal carotid artery. AJINR Am J
Neuroradiol 2007; 28: 1579-1585.

Hoit DA, Schirmer CM and Malek AM. Stent
graft treatment of cerebrovascular wall de-
fects: intermediate-term clinical and angio-
graphic results. Neurosurgery 2008; 62: ONS-
380-388; discussion ONS388-389.

Int J Clin Exp Med 2015;8(6):9362-9367



