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Introduction

Cervical internal carotid artery (cICA) pseudoaneurysms 
can be a primary cause of stroke in young adults (1,2). 
The most common etiology is trauma (3). Complications 

include rupture and thromboembolic events (2,4), which 
require treatment in select cases. Therapeutic lines include 
carotid occlusion, surgical ligation, surgical bypass, flow 
diverting embolization device (2), and stent-assisted coiling 

(5,6). Surgical options are challenging and more invasive. 
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Stent coiling is associated with higher recurrence rates, 
and flow diversion does not provide immediate protection. 
Endovascular covered stents (7,8) are a recent treatment 
modality that could be offered for cICA pseudoaneurysms 
which preserve the carotid artery and provide immediate 
aneurysm occlusion. Limited data has reported the 
feasibility of this option (5-7). Here we describe a case of a 
traumatic cICA pseudoaneurysm treated with a PK Papyrus 
balloon-mounted covered stent. We present this case in 
accordance with the CARE reporting checklist (available at 
https://acr.amegroups.com/article/view/10.21037/acr-23-
56/rc).

Case presentation 

A 23-year-old male patient was referred to our center for an 
enlarging right cICA pseudoaneurysm with severe luminal 
stenosis of the parent vessel. The patient’s history was 
negative for headache, visual disturbance, weakness, and 
relevant family history, but positive for cerebral contusions 
and an un-helmeted motorcycle accident without loss of 
consciousness 3 months prior to referral. The patient was 
on a daily regimen of aspirin and clopidogrel. A diagnostic 
computed tomography angiogram (CTA) of the neck at 
an outside hospital during the initial presentation was 
concerning for a right cICA dissection with associated 
pseudoaneurysm and parent vessel luminal stenosis. A 

diagnostic catheter angiography after referral was ordered, 
which revealed an enlarging pseudoaneurysm of 1.7 cm 
in the greatest dimension and luminal stenosis equal to at 
least 60% of the normal ICA. The dissection involved the 
distal cICA, extending up to the proximal petrous segment 
of the ICA. Cerebral angiogram confirmed these diagnostic 
catheter angiography findings (Figure 1A,1B). 

Based on clinical judgment and imaging analysis, we 
decided that the best option to seal the aneurysm was a PK 
Papyrus 5×26 balloon-mounted covered stent (Biotronik, 
Lake Oswego, Oregon, USA) (Figure 2). Under general 
anesthesia, a 6-French (Fr) Berenstein diagnostic catheter 
(Merit Medical, South Jordan, Utah, USA) inside a 
Benchmark catheter was advanced over an angled 0.0035 
guidewire and introduced through a sheath into the right 
common femoral artery. It was thereafter navigated into 
the left subclavian to the left vertebral artery and then 
maneuvered into the left internal carotid artery, where it 
remained in position. We performed a balloon occlusion test 
first, in case we could not repair the vessel with a stent. For 
this test, we introduced a TransForm 7×7 mm compliant 
balloon (Stryker Neurovascular, Fermont, California, USA) 
over Transend ES 0.014 microwire (Stryker Neurovascular, 
Fermont, California, USA). The balloon was navigated 
over the microwire into the straight segment of the right 
ICA and positioned proximal to the pseudoaneurysm. The 
patient passed the balloon test occlusion with less than one 
second of venous delay. The PK Papyrus 5×26 balloon-
mounted covered stent was in position and deployed across 
the distal cICA (Figure 3A,3B), providing appropriate 
coverage of the pseudoaneurysm neck. The balloon was 
then inflated to near maximal pressure to allow a better 
position of the stent across the distal ICA (expansion to  
5.5 mm). No distal protection device was utilized. 

A follow-up angiogram showed no residual filling of the 
pseudoaneurysm, but there was some contrast stagnation 
just proximal to the stent, which is consistent with a residual 
dissection flap; therefore, we deployed another PK Papyrus 
5×26 balloon-mounted covered stent, providing some 
overlap at the proximal end of the stent. An angiogram 
following this subsequent deployment demonstrated 
complete reconstruction of the cICA with no residual 
evidence of pseudoaneurysm or dissection flap. There were 
no residual in-stent stenosis or vessel stenosis (Figure 4). No 
procedural complications were experienced. The patient 
did well postoperatively and was discharged the day after 
surgery. We planned to put the patient on aspirin 325 mg 
daily for life and clopidogrel 75 mg for 6 months. At the 
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6-month follow-up, the patient denied any symptoms, and 
there was no evidence of pseudoaneurysm or dissection on 
the angiogram performed at that time (Figure 5). Long-
term follow-up for this patient included an annual CTA. 

All procedures performed in this study were in accordance 
with the ethical standards of the institutional and/or national 
research committees and with the Helsinki Declaration (as 
revised in 2013). Written informed consent was obtained 

from the patient for publication of this case report and 
accompanying images. A copy of the written consent is 
available for review by the editorial office of this journal.

Discussion

Pseudoaneurysm is a rare pathology, accountable for 5.6% 
of all carotid aneurysms (9) and less than 1% of all arterial 
aneurysms (10). Literature is scarce regarding the use of 
covered stents in treating cerebrovascular conditions (11). 
Lu et al. used covered stents in 6% of their series of 32 
carotid-cavernous fistula patients (12). The reported use of 
the covered stents in cICA pseudoaneurysm is even less than 
that. Pinzón et al. (7) and Wang et al. (5) have performed 
procedures using covered stents in pediatric populations. 
Our study highlights initial experiences with covered stents 
for neuroendovascular use, with only two other similar cases 
reported in the neuroendovascular literature, both of which 
investigate the safety and efficacy of covered stents in adults 
with distal cICA pseudoaneurysm (13,14). 

The PK Papyrus-covered coronary stent used in our 
study is a humanitarian device exemption (HDE) approved 
by the United State Food and Drug Administration (FDA) 
for the treatment of acute perforations of coronary arteries 
with a diameter of 2.5–5.0 mm (15,16). The potential 
benefits of this stent include a quicker deployment time, 
thinner build, and better maneuverability than other 

A B

Figure 1 Right distal cervical internal carotid artery pseudoaneurysm measuring 1.7 cm with 60% luminal stenosis: (A) lateral view; (B) 
anteroposterior view.

Figure 2 The PK Papyrus 5×26 balloon-mounted covered stent 
(Biotronik, Lake Oswego, Oregon, USA).
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covered stents, which contribute to technical success 
and minimize potential complications (15,17). The 
stent’s covering is distinctive as it leads to the immediate 
obliteration of the pseudo or traumatic aneurysm with 
100% coverage as opposed to flow diverting stents which 
provide 30–35% and often take months to achieve full 
occlusion. 

Additionally, the balloon-mounting of the PK Papyrus-
covered stent is advantageous in that it has a greater radial 
force and can treat frequently associated parent vessel 
stenosis. It requires a smaller introductory sheath and 

carries less risk for embolization by pre-mounting the stent 
on the catheter. Notably, it is available in larger sizes than 
the current flow diverting stents, with a maximum expansion 
diameter of 5.63 mm (15). If conventional pipeline stents, 
of which the largest diameter is only 5 mm, are used instead 
of the PK Papyrus-covered stent, there is a higher chance 
that the stent will be floating and not oppose the vessel, 
increasing the risk of stroke in the patient. The PK Papyrus 
stent also has advantages over other covered stents. The 
smaller size of the PK Papyrus stent is significantly thinner 
and more trackable than the traditionally covered Viabahn 

Figure 3 The PK Papyrus 5×26 balloon-mounted covered stent deployed across the distal cervical internal carotid artery (A) with arrows 
indicating expanse of stent (B). 

Figure 4 Complete coverage of the distal cervical internal carotid artery pseudoaneurysm neck with no residual filling by the Papyrus 
covered stent (no residual in-stent stenosis).

A B
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stents. Unlike the PK Papyrus stent, Viabahn-covered stents 
are too large and thick to track past tortuous distal cervical 
anatomy, the petrous segment of the internal carotid artery, 
or the V2 segment of the vertebral artery. Also, notably, a 
distal protection device was not utilized in this presented 
case and is not needed with the PK Papyrus stent unless it 
is used for an atherosclerotic lesion. Overall, this balloon-
mounted covered stent could be a promising modality 
when conventional microsurgical clipping or endovascular 
options, including flow diverting stents, cannot treat 
complex traumatic or pseudoaneurysms with a broad base 
and frequently associated stenosis of the parent vessel.

Contrarily, it is important to highlight the disadvantages 
of the PK Papyrus balloon-mounted covered stent. Due to 
the stent being covered, it may be slightly precluded due to 
stiffness and difficult navigation with the risk of perforator 
occlusion in intracranial pathology. Regarding the balloon-
mounted aspect of the stent, although it is an optimal device 
for straight segments such as the cICA, it is less so for 
lesions located from and distal to the petrous segment. This 
discrepancy is due to the anatomy of the latter segments, 
which are surrounded by skull base and may carry difficulty 
in navigating and inflating the balloon. However, it can still 
be effectively used to pass through torturous distal cervical 
anatomy as well as the petrous segments of the ICA and V2 
segment of the vertebral artery. 

It is important to note limitations of our study; it is 
a case report of a singular patient. Further testing of 
balloon-mounted covered stents on a substantial number of 

patients is warranted to gather statistically sound results for 
further analysis into technical success and outcomes and to 
corroborate our claims.

Conclusions

Our case is the third to our knowledge reported in the 
neuroendovascular literature to use the PK Papyrus-covered 
stent for cICA pseudoaneurysm. A balloon-mounted 
covered stent is a safe and feasible reconstructive modality 
for cICA pseudoaneurysm. Further use of this stent is 
encouraged to explore the safety and efficacy of the device. 
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