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ABSTRACT

Background: Persistent primitive hypoglossal artery (PPHA) is a rare residual arterial anastomosis. We placed
a CASPER stent using Spider FX as an embolic protection device (EPD) in a patient with internal carotid artery
(ICA) stenosis and PPHA. There are no reports of carotid artery stenting (CAS) using a CASPER stent for ICA
stenosis with PPHA. We report the EPD strategy used in this case and the usefulness and precautions of CASPER
stent insertion for cervical ICA stenosis in association with PPHA.

Methods: A 9Fr sheath was placed in the right femoral artery and a 9Fr Branchor balloon guide catheter was
guided to the common carotid artery. A Spider FX was placed proximal to the bifurcation of the ICA and the
PPHA. A 10 mm x 20 mm CASPER stent was deployed at the site of the stricture with no postoperative ischemic
complications.

Results: There was no intra-stent occlusion, stenosis, or plaque protrusion immediately after surgery, and no
postoperative ischemic complications were observed.

Conclusion: CASPER stent deployment with the Spider FX in the ICA and PPHA bifurcation can be considered
to be an effective treatment method for ICA stenosis associated with PPHA. However, care should be taken in
selecting the appropriate EPDs and stents depending on the location of the stenosis and bifurcation of the PPHA.

Keywords: carotid artery stenting, carotid stenting, CASPER, persistent primitive hypoglossal artery

INTRODUCTION

Persistent primitive hypoglossal artery (PPHA) is a rare residual artery anastomosis.>!"'*! We
used a Spider FX (Covidien, Mansfield, MA, USA) as an embolic protection device (EPD) to
deploy a CASPER stent (Terumo, Tokyo, Japan) in a patient with internal carotid artery (ICA)
stenosis associated with PPHA. There are only four previously reported cases of stent placement
for ICA stenosis associated with PPHA.!>>81012-14181 We report a strategy using a CASPER stent
and Spider FX and compare it with the methods described in the previous reports.

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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MATERIALS AND METHODS

A 76-year-old male patient with repeated episodes of
fainting, apraxia, and right-sided weakness was diagnosed
by magnetic resonance imaging and digital subtraction
angiography with ICA stenosis and PPHA [Figure 1], for
which he was scheduled to undergo carotid artery stenting
(CAS). Dual antiplatelet therapy (DAPT) using aspirin and
clopidogrel was administered 1 week before surgery. Using
the VerifyNow System (Accriva Diagnostics, San Diego,
CA, USA) to monitor antiplatelet therapy preoperatively, we
determined that DAPT was effective based on test results
of <550 Aspirin Reaction Units (ARUs) and <208 P2Y12
Reaction Units (PRU). Subsequently, surgery was performed
under general anesthesia. A 9Fr sheath was placed in the
right femoral artery and a 9Fr Branchor balloon guide

catheter (BGC) (Asahi Intecc, Aichi, Japan) was guided into
the common carotid artery (CCA). A Spider FX was placed
proximal to the bifurcation of the ICA and the PPHA, and a
10 mm x 20 mm CASPER stent was deployed in the stricture.
After stent deployment, an RX-Genity balloon catheter for
percutaneous transluminal angioplasty (7.0 mm x 40 mm,
Kaneka Medics, Osaka, Japan) was used to dilate the stent at
6 atm for 5 s.

RESULTS

The results of preoperative VerifyNow System testing were
415 ARU and 159 PRU. The distance between the catheter
tip of the Spider FX and the stent delivery system before
stent placement was 6.5 mm [Figure 2a]. The CASPER stent
was successfully deployed. However, the catheter tip of the

Figure 1: A 76-year-old male patient was brought to the emergency department due to repeated
episodes of fainting, apraxia, and right-sided weakness. (a) Magnetic resonance angiography showed
stenosis of the left internal carotid artery (ICA). (b) T1-weighted image black-blood magnetic resonance
imaging (MRI) showed that the stenotic part had normal signal intensity (white arrow). (c) Basi-parallel
anatomical scanning MRI revealed right vertebral artery hypoplasia. (d) Pre-procedure digital subtraction
angiography (DSA) demonstrated two areas of stenosis, one immediately after the bifurcation and one
distal to it. (e) Pre-procedure DSA of left common carotid angiography demonstrated the primitive
hypoglossal artery distal to the stenosis of the ICA. (f) Pre-procedure three-dimensional rotational
angiography (3D-RA) demonstrated the primitive hypoglossal artery penetrating the hypoglossal canal.
(g) Pre-procedure 3D-RA showed that the stenotic part was about 1 mm in diameter.
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Figure 2: (a-c) Intraprocedure digital subtraction
angiography. (a) The distance between the
catheter tip of the Spider FX and the stent
delivery system before stent placement was 6.5
mm. (b) The catheter tip of the CASPER stent
delivery system got stuck in the Spider FX (white
arrow), making its retrieval difficult. (c) No intra-
stent occlusion, stenosis, or plaque protrusion
was observed. (d) Postprocedure magnetic
resonance imaging—diffusion-weighted imaging
showed no ischemic complications.

CASPER stent delivery system became lodged in the Spider
FX, making retrieval difficult [Figure 2b]. The situation was
resolved by repeatedly pulling the inner shaft of the CASPER
stent delivery system while strongly pushing the delivery wire
of the Spider FX. There was no intra-stent occlusion, stenosis,
or plaque protrusion immediately after surgery [Figure 2c],
and no postoperative ischemic complications were observed
[Figure 2d]. The patient was discharged with a modified
Rankin scale score of 0.

DISCUSSION

In addition to, persistent primitive trigeminal artery and
persistent proatlantal artery, PPHA exists as a residual
vascular anastomosis that connects the carotid and vertebral
arteries.”? The reported incidence of PPHA is 0.02-0.26%,
which is a relatively infrequent compared to other forms of
residual arterial anastomosis.>!"'!

Our patient had both ICA stenosis and PPHA and since the
number of such case reports is small, there is no consensus
regarding the appropriate treatment method. Treatment methods
for ICA stenosis include carotid endarterectomy (CEA) and CAS.

In the SAPPHIRE study, CEA was considered to carry a
high risk in patients with heart disease, severe respiratory
disease, contralateral carotid artery occlusion, contralateral
laryngeal nerve palsy, previous direct neck surgery or neck

Figure 3: Reproduction of the intraoperative situation. The proximal
loop of the Spider FX was stuck in the catheter tip of the CASPER
stent delivery system, making it difficult to remove.

radiotherapy, and CEA restenosis with CEA, and CAS is
considered to be a treatment option in such cases.l'” CAS
might also be selected for distal ICA lesions due to the
difficulty of CEA at this site.””’ CEA has been previously
performed for ICA stenosis with PPHA." However, this
case did not fall into the category of high-risk cases for
CEA as defined in the SAPPHIRE study, since stenosis was
observed at a distal lesion in the ICA, it was predicted that
CEA would be difficult, and hence, CAS was performed.

There are 12 reported cases of CAS for ICA stenosis
accompanied by PPHA, including ours.['>5#1212:14181 However,
in each case, the site of stenosis was different, as was the
treatment method [Table 1]. When CAS is performed,
proximal protection using a balloon guide catheter (BGC) has
been used in several cases due to concerns about the dispersal
of the plaque from the site of stenosis.*>¥1 In addition,
distal protection using a Carotid GuardWire (Medtronic,
Minneapolis, MN, USA) as an EPD to prevent intracranial
plaque dispersal is also performed.''*'? However, since blood
flow from the CCA is blocked during this procedure, it might
be difficult in patients with low ischemic tolerance. In the
present case, the contralateral vertebral artery was hypoplastic
and the posterior circulatory system was predicted to be
less resistant to ischemia. Distal filter (DF) type EPDs can
be used to maintain intracranial blood flow, and there have
been reports of DF type EPDs being used in patients with
ICA stenosis and PPHA.M3" Silva et al.™ and Ebiko et
al™ performed CAS without ischemic complications by
implanting a DF type EPD in both the ICA and PPHA. The
problem with this technique is that since the EPD is not
coaxial with the stent, it might get stuck in between the stent
and the vessel wall, making its retrieval difficult.

Tonegawa et al.'"l reported a case in which a DF-
type EPD was placed at the bifurcation between the ICA
and PPHA, resulting in successful CAS without ischemic
complications. This method can be used even in patients
with low ischemic tolerance. Using the same method, CAS
was successfully performed in our case as well, without
ischemic complications [Figure 2d]. However, there were
some issues in the present case. During the deployment of
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the CASPER stent, the tip of the catheter delivery system
gradually moved distally. In addition, the catheter tip
gets stuck in the Spider FX, making its removal difficult
[Figure 2b]. The distance between the catheter tip and the

Spider FX was 6.5 mm before implantation [Figure 2a].
When the same system was retrospectively tested outside
the vessel after the procedure, the proximal loop of the
Spider FX entered the catheter tip, likely representing what

Table 1: Comparison of treatment methods in each report.

No Authors Figures Guiding EPD Stents Remarks Complications
catheters
1 Ebiko etal.  [e] 8Fr Optimo FilterWire EZ Carotid The common carotid ~ None
(Tokai Medical ~ (Boston Scientific, =~ WALLSTENT  artery was punctured
Products, Aichi, MA, USA)x2 (Boston directly under general
Japan) Scientific, CA, anesthesia, and 8Fr
USA) and 4Fr sheaths were
inserted. The surgical
strategy was similar to
that of cases No. 7 and
No. 13.
2 Eller et al. Balloon N/A Carotid Proximal protection ~ None
Guiding WALLSTENT  was achieved using
catheter (Details (Boston a balloon-guided
unknown) Scientific, CA, catheter, and the
USA) procedure was
performed after
confirming flow
reversal.
5 Kaku et al. Optimo (Tokai  Carotid Guard Carotid Blood flow to None
Medical Wire (Medtronic, WALLSTENT the common and
Products, Aichi, Minneapolis, MN, (Boston external carotid
Japan) USA) + FilterWire  Scientific, CA, arteries was blocked.
EZ(Boston USA) Since contrast
Scientific, MA, administration
USA) demonstrated blood
flow from the PPHA
side to the ICA
side, the EPD was
guided to the ICA,
and the procedure
was performed. The
surgical strategy was
similar to that of case
No. 8.
6 Kanazawa 9Fr Patlive Carotid Guard Carotid N/A None
etal. (Clinical Supply, Wire (Medtronic, =~ WALLSTENT
Gifu, Japan) Minneapolis, (Boston
+5Fr Guider MN, USA) to Scientific, CA,
soft-tip (Stryker, ICA + Hyper USA)
Kalamazoo, Form Occlusion
MN, USA) Balloon(Medtronic,
MN, USA) to ECA
(Contd...
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Table 1: (Continued).

No Authors Figures Guiding EPD Stents Remarks Complications
catheters
7 Mochizuki 8Fr Optimo FilterWire Carotid The surgical strategy ~ None
et al. (Tokai Medical EZ(Boston WALLSTENT  was similar to that of
Products, Aichi, Scientific, MA, (Boston cases No. 1 and No.
Japan) USA)x2 Scientific, CA, 13.
+6Fr FUBUKI USA)
(Asahi Intecc,
Aichi, Japan)
8 Murai et al. MOMA FilterWire EZ Carotid Blood flow to None
(Medtronic, (Boston Scientific, WALLSTENT the common and
MN, USA) MA, USA) toICA  (Boston external carotid
Scientific, CA, arteries was blocked.
USA) Since contrast
administration
revealed blood flow
from the PPHA
side to the ICA
side, the EPD was
guided to the ICA
and the procedure
was performed. The
surgical strategy was
similar to that of case
No. 5.
10 Niietal Guider softip Carotid Guard Carotid The surgical strategy ~ None
(Stryker, Wire (Medtronic, WALLSTENT  was similar to case
Kalamazoo, Minneapolis, MN, (Boston No. 12.
MN, USA) USA) Scientific, CA,
USA)
12 Ryu et al. 9Fr Optimo Carotid Guard Carotid The surgical strategy ~ None
(Tokai Medical ~ Wire (Medtronic, WALLSTENT  was similar to case
Products, Aichi, Minneapolis, MN,  (Boston No. 10.
Japan) USA) Scientific, CA,
USA)
(Contd...)
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Table 1: (Continued).

No Authors Figures Guiding EPD Stents Remarks Complications
catheters
13 Silvaetal 6Fr Envoy Emboshield Precise (Codis, The surgical strategy =~ None
(Codman (Abbott Vascular, Johnson& was similar to that of
Neurovascular, Santa Clara, CA, Johnson, cases No. 1 and No. 7.
Miami Lakes, USA)x2 Miami, FL,
FL, USA) +5Fr USA)
Envoy
14  Tonegawa  [cA] [rema 6Fr FUBUKI Spider FX Carotid The surgical strategy ~ None
etal. (Asahi Intecc, (Covidien, WALLSTENT  was similar to that of
Aichi, Japan) Mansfield, MA, (Boston the present case.
USA) Scientific, CA,
USA)
18 Zhangetal. MOMA N/A Carotid N/A None
(Medtronic, WALLSTENT
MN, USA) (Boston
Scientific, CA,
USA)
Present cA]  [PPHA 9Fr Branchor Spider FX CASPER stent  The surgical strategy ~ None
Case (Asahi Intecc, (Covidien, (Terumo, was similar to that of
Aichi, Japan) Mansfield, MA, Tokyo, Japan)  case No. 14.
ECA | uUsS A)

The number column lists the corresponding reference numbers. EPD: Embolic protection device, ECA: External carotid artery, N/A: Not applicable,

PPHA: Persistent primitive hypoglossal artery, ICA: Internal carotid artery

had occurred inside the vessel [Figure 3]. In this case, the
situation was resolved by repeatedly pulling the inner shaft
of the CASPER stent while strongly pushing the delivery
wire of the Spider FX, although caution should be exercised
because surgical intervention might be required in cases of
difficult removal.
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Conventional carotid artery stents used in CAS include
the open-cell PROTEGE (Covidien, Mansfield, MA, USA),
Precise (Cordis, Johnson and Johnson, Miami, FL, USA),
and the closed-cell Carotid Wallstent (Boston Scientific,
Santa Clara, CA, USA). The CASPER stent has a small
mesh structure and a double-layer micromesh structure
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and has been used in recent years since it has been shown
to have fewer embolic complications than conventional
stents.!"”]

In the present case, a CASPER stent was used to prevent
plaque protrusion and plaque scattering during the
procedure, and a Spider FX was used as the DF-type EPD.
Consequently, no postoperative ischemic complications were
observed following the procedure [Figure 2d]. However,
if the distance between the catheter tip of the CASPER
stent delivery system and the Spider FX is insufficient, the
selection of a stent other than the CASPER stent should
be considered. Particular attention should be paid when
the distance between the tip of the CASPER stent delivery
system and the Spider FX is expected to be <6.5 mm, as in
the present case.

CONCLUSION

CASPER stent deployment with Spider FX in the ICA and
PPHA bifurcation is considered to be an effective method for
treating ICA stenosis associated with PPHA. However, care
should be taken to ensure the appropriate selection of EPDs
and stents, depending on the location of the stenosis and
bifurcation of the PPHA.
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