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Covered Stenting Is an Effective Option for Traumatic Carotid
Pseudoaneurysm with Promising Long-Term Outcome

Kai Wang,"* Xiao-xin Peng,”* Ao-fei Liu,"* Ying-ying Zhang,' Jin Lv,' Li Xiang,' Yun-e Liu,' Wei-jian Jiang'
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Department of Radiology,” Beijjing Jishuitan Hospital, Bejjing, China

Objective : Covered stenting is an optional strategy for traumatic carotid pseudoaneurysm, especially in malignant conditions of
potential rupture, but the long-term outcomes are not clear. Our aim was to determine if covered stenting is an effective option for
traumatic carotid pseudoaneurysm with promising long-term outcomes.

Methods : Self-expanding Viabahn and balloon-expandable Willis covered stents were separately implanted for extra- and
intracranial traumatic carotid pseudoaneurysm. The covered stent was placed across the distal and proximal pseudoaneurysm
leakage under roadmap guidance. Procedural success was defined as technical success (complete exclusion of the pseudoaneurysm
and patency of the parent artery) without a primary end point (any stroke or death within 30 days after the procedure). Long-
term outcomes were evaluated as ischemic stroke in the territory of the qualifying artery by clinical follow-up through outpatient
or telephone consultation and as the exclusion of the pseudoaneurysm and patency of the parent artery by imaging follow-up
through angiography.

Results : Five patients with traumatic carotid pseudoaneurysm who underwent covered stenting were enrolled. The procedural
success rate was 100%. No ischemic stroke in the territory of the qualifying artery was recorded in any of the five patients during
a mean clinical follow-up of 44+16 months. Complete exclusion of the pseudoaneurysm and patency of the parent artery were
maintained in all five patients during a mean imaging follow-up of 39+16 months.

Conclusion : Satisfactory procedural and long-term outcomes were obtained, suggesting that covered stenting is an effective
option for traumatic carotid pseudoaneurysm.
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INTRODUCTION including nonhemodynamically significant intimal injuries,
potentially hemodynamically significant dissections and he-

Traumatic carotid injury lesion is categorized into types I-V, matomas, pseudoaneurysms, occlusions, and avulsion, ac-
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cording to Biffl et al.”. Traumatic carotid pseudoaneurysms
(type I1I), which indicate a mechanism of paravascular encap-
sulated hematomas communicating directly with the lumen
of the artery (Fig. 1), may accidentally occur after blunt/pene-
trating trauma or iatrogenic injury. Because of the special for-
mation mechanism and in the absence of a complete vascular
wall structure™, traumatic carotid pseudoaneurysm is more
likely to lead to complications, such as severe ischemic and
hemorrhagic events, neck compression symptoms, and even
life-threatening rupture emergency. The natural history of
pseudoaneurysms is controversial, but the subgroup with gi-
ant and irregular shapes, short-term enlargement, or intracra-
nial locations is often attributed to malignant conditions. Suf-
ficient attention and timely disposal are usually necessary.
Anticoagulation therapy alone has been shown to produce a
paradoxical effect, with a lack of improvement of pseudoan-
eurysm angiograms but an increase in wall hematoma™. The
earliest surgical treatment of proximal ligation can serve as a
deterministic deconstructive strategy for pseudoaneurysm,
but occlusion intolerance in the patient and retrograde flow to
the pseudoaneurysm make it far from ideal. As an improve-
ment, bypass procedures have been described for providing

extra-anatomic reconstruction of the carotid artery. However,

Fig. 1. Bouthillier segment classification of the carotid artery and a
diagrammatic sketch of a pseudoaneurysm and covered stent.
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bypass procedures are not always easy to carry out because of
exposure difficulties and the potential risk of stroke". Alter-
natively, the endovascular strategies of stenting or emboliza-
tion became the frequent choice by interventional radiologists
and have been reported to have promising short-term re-
sults*"”. However, for pseudoaneurysms with irregular shape
and giant size, stenting or embolization usually show limited
effect.

The new endovascular strategy of covered stenting has in-
troduced a concept innovation for traumatic pseudoaneurysm
that can tightly cover the leakage of the pseudoaneurysm and
result in intra-aneurysmal thrombosis with preservation of
the injured carotid artery (Fig. 1). Although several small-
sized case series have reported promising immediate results,
covered stenting of traumatic carotid pseudoaneurysm has
not been widely used in most trauma centers, and little is
known about the long-term outcomes'”. In the present study,
we introduced the long-term follow-up results of covered
stenting for traumatic carotid pseudoaneurysm, especially in
malignant conditions, to further supplement the experience

of craniocervical trauma management.

MATERIALS AND METHODS

Patient inclusion

The study was approved by the Institutional Ethics Com-
mittee (KY2013031). The subgroup of covered stenting for
traumatic carotid aneurysms was retrieved from the institu-
tional stenting database. The inclusion criteria were as follows :
1) patients with epistaxis, visual impairment, ptosis, or cervi-
cal mass after a history of blunt/penetrating trauma or iatro-
genic injury and 2) carotid artery pseudoaneurysm involving
the common carotid artery (CCA) or internal carotid artery
(ICA) C1-C7, confirmed as criminal lesions by transcatheter
cerebral angiography. Baseline data (gender, age, symptoms,
etiology, location of lesions, size of pseudoaneurysms, and
length of leakage) and follow-up results (clinical events, imag-
ing findings and complications) were prospectively collected.

All patients provided written informed consent.
Indication and procedure of covered stenting

Traumatic carotid pseudoaneurysms with giant and irregu-

lar shapes, short-term enlargement, or intracranial locations
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are considered malignant and are indicated for covered stent-
ing. Interventional procedures were performed by the same
experienced interventionist. Aspirin (100 mg/d) and clopido-
grel (75 mg/d) were taken before the operation for 3 consecu-
tive days, and all procedures were performed under general
anesthesia. For CCA and extracranial segments of the ICA,
the self-expanding Viabahn covered stent (W. L. Gore & As-
sociates Inc, Flagstatf, AZ, USA) was selected. To ensure good
adherence with the parent artery, the stent diameter was se-
lected mainly according to the larger diameter of the proximal
and distal parent arteries. To avoid incomplete exclusion, the
length of the stent must be greater than the width of the en-
doleak. A 6-French femoral sheath was changed to an
8-French catheter placed in the lesion side of the CCA. Under
guidance of angiography road mapping, the covered stent was
deployed across the distal and proximal ends of the pseudoan-
eurysm leakage. For intracranial ICA segment lesions, a bal-
loon-expandable Willis covered stent (MicroPort Medical,
Shanghai, China) was used. After positioning a 6-French
guiding catheter in the ICA, a microguidewire was navigated
distally. The Willis covered stent was then navigated and de-
ployed across the corresponding lesion with the recommend-
ed pressure of 6 atm. If residual endoleak was detected from
immediate angiography, balloon reinflation was performed
with 8 atm pressure. Digital subtraction angiography (DSA)
and cranial computed tomography were performed for the
evaluation of procedural success. The patient was monitored
for signs and symptoms postprocedurally until discharge. If
potential procedural-specific symptoms occurred, appropriate
imaging was performed to ensure the absence of stroke, in-
stent thrombosis, active bleeding or dissection. Heparin was
given for 48 hours after the procedure. Patients were instruct-
ed to take aspirin and clopidogrel for 3 months, followed by

aspirin alone indefinitely.

Follow-up and outcome measures

Clinical follow-up information was derived from daily pa-
tient exams until discharge, 30-day follow-up visits and subse-
quent clinic visits or telephone conversations until the end of
December 2018. Follow-up angiography was scheduled after
6 months on a voluntary basis or when restenosis was clinical-
ly suspected. Procedural success was defined as technical suc-
cess (complete exclusion of the pseudoaneurysm and patency

of the parent artery) without primary endpoint (any stroke or
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death within 30 days after the procedure). Long-term out-
comes were evaluated as ischemic stroke in the territory of the
qualifying artery by clinical follow-up (outpatient or tele-
phone consultation) and as recurrence of the pseudoaneurysm
and patency of the parent artery by imaging follow-up (DSA/
computed tomography angiography [CTA]). Potential compli-
cations (including stroke, vessel injury, stent thrombosis, and

in-stent stenosis) were documented in great detail.

RESULTS

The baseline data and outcome results are summarized in
Table 1. From January 1, 2014 to December 1, 2017, a total of
five patients (42117 years, three males) meeting the inclusion
criteria were enrolled in the study. In etiology, two cases were
direct craniofacial blunt trauma, and the other three cases
were iatrogenic injury (underwent carotid endarterectomy or
meningioma resection surgery). In the present series, pseudo-
aneurysm-related symptoms manifested as local pain, neck
mass, headache, diplopia or asymptomatic. Through preoper-
ative catheter angiography (Fig. 2), one case had a pseudoan-
eurysm of the CCA, one case of extracranial ICA, and the
other three cases of the intracranial ICA. Pseudoaneurysm
sizes ranged from 5.9X3.3 mm to 21.7X9.3 mm.

For two extracranial pseudoaneurysms, self-expanding Via-
bahn covered stents (6X50 mm and 6X50 mm, respectively)
were selected, while for three intracranial ICA pseudoaneu-
rysms, balloon-expandable Willis covered stents (4.5X16 mm,
3.5X10 mm, and 4.5X13 mm) were implanted (Table 1). No
technical obstacle was encountered in the navigation and de-
ployment of any of the stents. Immediately after stenting,
complete exclusion of the pseudoaneurysm was achieved in
four patients. In a 56-year-old case, endoleak into the pseudo-
aneurysmal cavity remained after the initial deployment of
the Willis stent, but the endoleak disappeared after balloon
reinflation (Fig. 2). No navigation-related adverse events oc-
curred during the procedures. No stroke or death occurred
within 30 days after the procedure. Procedural success was ul-
timately achieved in all patients (100%).

During an average of 44£16 months of clinical follow-up,
no ischemic strokes in the territory of the qualifying artery
were recorded in any of the cases (Table 1). During an average

of 39£16 months of imaging follow-up (DSA images available
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Fig. 2. Preoperative,immediate postoperative and follow-up angiographies of all five included cases.

for four patients and CTA available for one patient), complete
exclusion of the pseudoaneurysm and patency of the parent
artery were maintained in all patients (Fig. 2). No potential
complications (including death, stroke, vessel injury, stent
thrombosis, endoleak, and in-stent stenosis) were documented
during the follow-up.

DISCUSSION

Herein, through prospective collection of baseline and long-
term follow-up data of five typical cases in a single center, we
found that covered stenting was feasible for traumatic carotid
pseudoaneurysms, with favorable procedural and long-term
outcomes. To our knowledge, this is the first report especially
focusing on the long-term efficacy of covered stenting in the

treatment of traumatic carotid pseudoaneurysm. Our results
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present here, together with previously published litera-
ture9,13,19,21,23,27)

ered stenting as an effective option for traumatic carotid pseu-

, contributed to the recommendations of cov-

doaneurysm.

Traumatic carotid pseudoaneurysm (false aneurysm, col-
lection of blood that forms between the tunica media and the
tunica adventitia of an artery), as an insidious type of trau-
matic carotid artery injury, may accidentally occur after blunt/
penetrating trauma or iatrogenic injury (primitive driving
force directly disrupted by foreign body puncture or shear

stress from blunt trauma)”

. Although traumatic carotid pseu-
doaneurysms are a particularly uncommon clinical condition,
with a reported incidence of approximately 1% in trauma vic-
tims, sometimes it not only exposes the wounded to the risk
of vascular occlusion or thromboembolism but also leads to
rupture with intracranial hemorrhage or cervical compres-

sion”. Therefore, it is of great significance for clinicians to seek



better treatment options for traumatic carotid pseudoaneu-
rysm, especially in malignant conditions.

It is well known that conservative treatment is rarely effec-
tive for traumatic carotid pseudoaneurysm. Although antico-
agulation has been recommended for the treatment of carotid
traumatic dissection”, pseudoaneurysms are unlikely to spon-
taneously resolve after anticoagulation alone. Moreover, anti-
coagulant therapy is usually a clinical contraindication in cas-
es of pseudoaneurysm complicated with severe injury or
multiple trauma. Alternatively, various surgical modalities,
such as aneurysm clipping, resection and end-to-end anasto-
mosis, resection and interposition graft, extracranial-to-intra-
cranial bypass, and vessel ligation, have long been the classical
methods for the treatment of pseudoaneurysms. However,
with reported procedure-related stroke and mortality rates of
up to 9%’ and anatomically difficult situations usually con-
fining the surgical approach, surgical repair is far from favor-
able for treating traumatic carotid pseudoaneurysm”.

Recently, minimally invasive endovascular therapy has been
considered to be a promising treatment strategy and is pre-
ferred by experienced interventional radiologists. As with in-
terventional therapy for common aneurysms, endovascular
therapy for traumatic pseudoaneurysm can be divided into
“destructive principle” (destroying the vessel physiological
framework by blocking the parent artery with coils or bal-
loons) and “reconstructive principle” (removal of pseudoan-
eurysms while preserving the normal vascular anatomy) ap-
proaches. In recent years, with the popularity of special
intracranial stents, reconstructive strategies using coils and
stents have played an increasingly important role in pseudoa-
neurysms. Despite the lack of randomized controlled trials,
the multimodal application of endovascular therapy has
shown a lower incidence of death and a breakthrough in sur-
gical anatomical limitations™*”,

Covered stenting is a new reconstructive endovascular strat-
egy worthy of separate discussion. By setting up a direct phys-
ical barrier, the covered stent allows the immediate closure of
the leakage while maintaining the patency of the parent ar-
tery"""*”. Covered stenting is widely considered to be an ideal
choice for the treatment of traumatic carotid pseudoaneurysm
because of its exact mechanism and simple operation. The
principle of covered stent implantation in endovascular repair
for vascular diseases is to implant a biophysical barrier stent in

the vasculature. This is by far the most suitable treatment for
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normal physiology and anatomy. However, because of the
scarcity of clinical cases, most of the current experience is
based on small-sized case reports in the literature, and the re-
sults of long-term follow-up are almost unknown. To further
accumulate clinical experience in this field, we carried out the
current research and focused on the following issues : the dif-
ferentiation of intra- and extracranial lesions, related compli-
cations, and the persistence of curative effect.

Until now, covered stents have been more widely applied for
extracranial pseudoaneurysms; frequently used covered stents
include Wallgraft, Jostent, Symbiot and Gore systems™'”. Be-
cause of the smaller anatomical curvature in extracranial ar-
teries, the delivery and deployment of covered stents tends to
be less difficult. The self-expanding Viabahn stent was the
only covered stent chosen for extracranial lesions in the pres-
ent study. The selection of stent size is particularly important
for the treatment outcome. To ensure good adherence with
the parent artery, the stent diameter was selected mainly ac-
cording to the larger diameter of the proximal and distal par-
ent arteries. To avoid incomplete exclusion, the length of the
stent must be longer than the width of the endoleak. However,
for intracranial traumatic pseudoaneurysms, higher require-
ments need to be met for the delivery flexibility and size of the
stent. Although Jostent and Symbiot grafts have been reported
for intracranial application, careful patient selection is neces-
sary, and the procedure is technically difficult. The Willis
covered stent was designed especially for intracranial use, and
it has advantages in flexibility, trackability and stent deliv-
ery’*””. In clinical practice, balloon reinflation between
named pressure and burst pressure is allowed, which can en-
sure the covered stent adheres well to the vessel wall. Endole-
aks into the pseudoaneurysmal cavity were sometimes still
observed after Willis deployment, and the endoleak usually
did not persist after reinflation. The long-term follow-up re-
sults of the three patients in our study further confirmed that
the Willis stent is reliable, which is consistent with a previous
study performed by its inventor™*”.

No perioperative or long-term complications (reported as
bleeding or rebleeding episodes, endoleak, covered-stent—re-
lated iatrogenic dissection, thrombosis, stent fracture, and re-
stenosis) were observed in the present series. This does not
mean that the covered stent itself is absolutely safe because rel-
evant complications have been commonly reported in the lit-

erature™*">***” However, with the deepening of understanding
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of the disease and the accumulation of technical experience, the
risk of perioperative complications of pseudoaneurysm stenting
tends to be acceptable. According to our practice, the poten-
tially useful strategies include careful evaluation of morpho-
logical characteristics, appropriate selection of stent type and
size, and adequate anticoagulation therapy during the periop-
erative period. Preoperative multimodal imaging can provide
important information about the location, shape, size and side
branches of the pseudoaneurysm, which is helpful for select-
ing suitable patients for stenting and to predict the treatment
effect. The mismatch of stent and lesion is the cause of endole-
aks; therefore, it is necessary to select the appropriate stent
size, as mentioned earlier. Moreover, standardized periopera-
tive antithrombotic management is another key factor in the
prevention of thrombosis complications and restenosis™"”.
Dual antiplatelets (aspirin and clopidogrel) should be started
at least 3 days before the operation, followed by aspirin alone
indefinitely. Generally, with the accumulation of time and
cases, issues involving complications have improved.

Our present study focused on the long-term effects of cov-
ered stents. In contrast, previous literature data were rare, and
the majority of studies focused on immediate or short-term
follow-up results. Dimitrios retrospectively analyzed 20 pa-
tients in 14 published articles, of which only two cases were
followed up for 2 years'”. Another relatively new case series
focusing on the treatment of traumatic pseudoaneurysms
with Willis stents has been completed by Wang et al.””. The
longest follow-up period was 36 months, but only two cases
were followed up for more than 24 months™. As a supple-
ment, our long-term follow-up results further confirmed the
persistent curative effect of covered stenting. Moreover, if
therapeutic lesions remain stable within 3 years after the stent-
ing operation, the recurrence risk of pseudoaneurysms ap-
pears to be very low.

Of note, there is another view that traumatic pseudoaneu-
rysms with localized lesions or without progress might achieve
good prognosis through conservative treatment. However,
considering the disastrous risk of complications, we prefer an
aggressive stenting strategy in our institution. Obviously, the
evidence level in the current retrospective research is not suf-
ficient to provide a better answer, which is a limitation of our
study. In the future, multicenter case collections with control

groups of other therapeutic strategies will be needed.
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CONCLUSION

Satisfactory procedural and long-term outcomes were ob-
tained, suggesting that covered stenting is an effective option

for traumatic carotid pseudoaneurysm.
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