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Radial Artery Graft for Giant Common Carotid Artery Pseudoaneurysm After Carotid

Artery Stenting
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-BACKGROUND: We present a patient who underwent left superior temporal
artery (STA)-toLright middle cerebral artery (MCA) bypass using a radial artery
(RA) graft with resection of a giant right cervical common carotid artery (CCA)
pseudoaneurysm after carotid artery stenting (CAS) and discuss the treatment
strategy and surgical procedure in detail.

-CASE DESCRIPTION: An 86-year-old male presented with sudden onset of
altered consciousness and complete left hemiparesis. Magnetic resonance
angiography and catheter angiography of the brain revealed occlusion of the
right cervical ICA. Endovascular thrombectomy and stenting of the cervical
segment of the ICA were performed. Thirty-two days after CAS, the patient
developed a high fever and rapid swelling of the neck. Catheter angiography
showed a giant right CCA pseudoaneurysm that had a fistula just proximal to the
carotid stent, and the aneurysm extended to the neck entirely. Because of the
expanding neck infection, stent placement long lesion, and lack of distal
collateral flow on angiography, we performed aneurysm and stent removal and
left STA-toLright MCA bypass using an RA graft. The harvested RA graft was
anastomosed side to end to both the M2 segment of the right MCA and the left
STA. Bypass patency was confirmed before neck exposure. The pseudoaneur-
ysm and proximal portion area of the stent were resected. The patient recovered
well postoperatively, and follow-up catheter angiography showed patency of the
bypass.

-CONCLUSIONS: Left STA-RA-right MCA bypass with aneurysm resection is a
good treatment option for giant CCA pseudoaneurysms that occur after CAS.
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Abbreviations and Acronyms
CAS: Carotid artery stenting
CCA: Common carotid artery
ICA: Internal carotid artery
MCA: Middle cerebral artery
MRA: Magnetic resonance angiography
MRSA: Methicillin-resistant Staphylococcus aureus
RA: Radial artery
STA: Superior temporal artery
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BACKGROUND AND IMPORTANCE

Carotid artery pseudoaneurysm artery
pseudoaneurysm after carotid artery
stenting (CAS) is rare.1,2 They are often
associated with infection. Treatment of
aneurysm resection and stent removal
with bypass using vein grafts has been
previously reported.3,4 However, this is
not practical for extremely large
pseudoaneurysms, stents placed over a
long arterial lesion, or after infection has
widely spread through the neck. We
present a patient who underwent left
superior temporal artery (STA)�radial
artery (RA)�right middle cerebral artery
(MCA) bypass with resection of the right
cervical internal carotid artery (ICA)
pseudoaneurysm, which developed after
CAS and endovascular thrombectomy for
an acute cervical ICA occlusion, and
discuss the treatment strategy and
surgical procedure.

rights reserved.
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CLINICAL PRESENTATION

An 86-year-old male presented with
sudden onset of altered consciousness
and complete left hemiparesis; his Na-
tional Institutes of Health Stroke Scale
score was 17. Magnetic resonance angi-
ography and catheter angiography
showed occlusion of the right cervical
ICA with no distal collateral flow
(Figure 1A). Diffusion-weighted mag-
netic resonance imaging showed a small
area of slightly high signal intensity in
the right corona radiata but no large
acute cerebral infarction (see Figure 1B).
Coincidentally, the patient undertook
magnetic resonance angiography 1
month before, and asymptomatic
cervical ICA stenosis was suspected but
we did not chose the surgical therapy
because of the high age.
JULY 2020 www.journals.el
Right CCA angiography revealed ICA
occlusion (see Figure 1C), and we
subsequently performed endovascular
thrombectomy and placed a 10 mm � 31
mm stent (Carotid WALLSTENT, Boston
Scientific, Marlborough, Massachusetts,
USA) in the cervical ICA. After CAS,
adequate arterial recanalization and TICI
IIb5 flow was observed (see Figure 1D).
The patient’s hemiparesis improved, and
18 days later, he was transferred to a
rehabilitation hospital with a mild
hemiparesis.
On day 32 after CAS, the patient devel-

oped a high fever and rapid swelling in the
neck. Blood cultures grew methicillin-
resistant Staphylococcus aureus (MRSA), and
he progressed to septic shock. After anti-
biotic therapy, he recovered from septic
shock but the neck swelling and fever
continued. Catheter angiography showed
sevier.com/world-neurosurgery 401
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a giant right CCA pseudoaneurysm
expanding neck entirely (Figure 2A and B),
and there was no collateral brain blood
flow the posterior circulation. We
performed CCA angiography with
Video available at
www.sciencedirect.com
occlusion of proximal CCA
by balloon-guiding catheter
confirming distal flow and
aneurysm flow detail. We
confirmed the fistula just
proximal to the carotid stent
of CCA to the aneurysm (see
Figure 2C). We concluded that

pseudoaneurysm and stent removal with
vascular reconstruction was needed,
which was successfully performed and is
described in detail later.
After induction of general anesthesia,

the patient was placed in the supine po-
sition and his head was fixed in pins and
rotated 15 degrees to the left. One neuro-
surgeon performed the craniotomy while
the other surgeons dissected and
Figure 1. (A) Magnetic resonance angiography showin
Diffusion-weighted magnetic resonance imaging show
corona radiata. (C) Right common carotid artery angio
carotid artery and distal and proximal balloon catheter
common carotid angiography showing recanalized int

402 www.SCIENCEDIRECT.com
harvested the right RA for the bypass
procedure. A bicoronal skin incision was
made to expose the left STA and perform a
bifrontotemporal craniotomy. The right
sylvian fissure was then opened to secure
g right interna
ing an area o
graphy showin
protection for
ernal carotid a

W

the M2 segment of the MCA.
We coagulated and cut the
falx and then passed the RA
graft from the right MCA in
the sylvian fissure to the left
STA. First, the RA was anas-
tomosed side to end to the
right M2 using a 9e0 suture.
Next, the other end of the RA graft was
anastomosed side to end to the left STA,
also using a 9e0 suture. After bypass
patency was confirmed, we then exposed
the neck. Before the operation, we inser-
ted a balloon catheter through the femoral
artery to secure the proximal common
carotid artery for temporary occlusion in
case of aneurysm rupture. The hematoma
was removed after balloon occlusion and
l carotid artery occlusion. (B)
f slightly high intensity in the
g occlusion of the right internal
carotid artery stenting. (D) Right
rtery after stent placement.
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clamping of the arteries proximal and
distal to the pseudoaneurysm. We then
resected the aneurysm and proximal part
of stent, placed permanent clips on the
remaining artery stumps, and irrigated
and closed the wound.
After the procedure, the patient recov-

ered well and catheter angiography
showed patency of the bypass (Figure 3A).
Illustration and operative video showed
surgical treatment (see Figure 3B and
Video 1). He had a mild residual left
hemiparesis and was later transferred
back to the rehabilitation hospital.
DISCUSSION

Left STA-RA-right MCA bypass with
aneurysm and stent removal may be a
good option as rescue therapy for infected
giant right CCA pseudoaneurysms that can
develop as a CAS complication.
The occurrence of pseudoaneurysms

after CAS is rare.2 Generally, carotid
pseudoaneurysms result after weakening
of the artery wall due to infection.
Bacteria attach to the vasa vasorum and
plaque, particularly at blood vessel
bifurcations, causing local infection.
Subsequently, bacteria infiltrate the
vessel wall and surrounding lymph
nodes, destroying the arterial wall to
form a pseudoaneurysm.6,7

Staphylococci, Salmonella, Klebsiella, and
Escherichia coli have been reported to cause
pseudoaneurysm formation in cases of
septicemia, dental infection, and
postoperative surgical infection.8-10

Plotkin et al11 reported that mycotic
aortic aneurysms and aortic graft
infection associated with MRSA were
strongly correlated with increased
mortality. Other studies have shown that
nonoperative treatment of cervical
mycotic aneurysms leads to death in
70%e90% of patients,8 while operative
treatment mortality has decreased to
10%.12

In our case, iatrogenic intimal arterial
wall injury may have occurred during the
endovascular thrombectomy and CAS.
Since MRSA was isolated from blood cul-
tures and fever and neck swelling
continued, early treatment with pseudoa-
neurysm and stent resection was required.
Antibiotic therapy is important in the
management of mycotic carotid aneu-
rysms, especially in our patient who
s://doi.org/10.1016/j.wneu.2020.04.173
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Figure 2. Right common carotid artery (CCA) angiography
showing a giant neck pseudoaneurysm. (A) Early arterial phase.
(B) Late arterial phase. (C) Occlusion of proximal CCA by balloon

guiding catheter revealed the fistula from just proximal of the
carotid stent of CCA to the aneurysm.
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experienced septic shock, but it alone is
inadequate.1 Surgical treatment is required
because of the high risk of thrombosis,
embolization, and rupture; additionally,
it allows direct removal of the infection
Figure 3. (A) Postoperative left common ca
angiography showing patency of the left s
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source.9,13,14 Previous reports have
demonstrated that trapping and
pseudoaneurysm removal are effective.1,15

However, in cases with absent collateral
blood flow, as in our case, this is not
rotid artery
uperficial temporal

artery (STA)�right middle c
radial artery (RA) graft. (B) I

JULY 2020 www.journals.el
possible because of the risk of
hemispheric ischemic complications after
ligation.16

Vascular reconstruction options after
aneurysm resection include direct end-to-end
erebral artery (MCA) bypass using a
llustration of surgical treatment.
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arterial anastomosis, vascular patching of the
resection site, and STA or occipital artery to
MCAbypass using a vein graft.16,17 Because of
the infected field, some reports have
proposed autologous conduits such as the
femoral artery, hypogastric artery, or
saphenous vein. However, placement of the
bypass into a site of infection has a
considerable risk of bypass occlusion.18,19 In
addition, it is impossible to resect the distal
portion of the stent because the stent is
placed over a long arterial lesion. Therefore
we could not choose between end-to-end
anastomosed CCA and ICA.
In this case, we successfully created a

left STA-right MCA bypass using an RA
graft and removed the pseudoaneurysm.
This treatment required a large crani-
otomy and radial artery sacrifice, which
may not be well tolerated in elderly pa-
tients. If possible, cervical aneurysm
resection and local reconstruction should
be performed. When not, due to giant
aneurysm, expanding infection, or the fact
that the infected stent spans a long arterial
segment, this approach is a viable option.
CONCLUSION

Left STA-RA-right MCA bypass with
aneurysm and stent removal is an option
for treating giant right CCA pseudoa-
neurysms after carotid artery stenting.
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