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Abstract: Brain health may be threatened by aneurysm ruptures, and early recognition of these
vascular malformations allows for neuroradiological intervention. Neurointerventional procedures
are usually performed with femoral artery access. In patients with severe anatomical complexity
of the supra-aortic vessels, however, treatment by this approach could be hindered or impossible.
Flow-diverter stent deployment is an effective and safe treatment for large, wide necked intracranial
aneurysms, but it requires a complete and firm stability of the coaxial system to achieve a correct
and precise deployment of the device. We present the first reported Italian case of a patient with
an intracranial aneurysm which was treated with Flow-diverter stent (DERIVO®; AcandisGmbH &
Co. KG; Pforzheim; Germany) by direct common carotid artery puncture due to severe tortuosity of
supra-aortic trunks.

Keywords: brain; neuroradiology; neuroimaging; intracranial aneurysm; internal carotid artery;
embolization; flow-diverter; digital subtracted angiography

1. Introduction

Endovascular treatment of intracranial aneurysms is becoming widely available and nowadays
has become the first choice of treatment in many centers, especially for older patients with high surgical
risks [1–3]. This approach usually has shorter procedural times and is commonly associated with shorter
recovery and hospitalization times compared to the traditional neurosurgical approach [4]. This shift
towards endovascular procedures has been increasing since the introduction of new generation flow
diverter stents (FDS) to the market, which allow for the treatment of wide necked aneurysms [5]. FDS
involve the indirect reconstruction of the affected arterial segment rather than direct obliteration of
the aneurysm.

Although risks of endovascular procedures for unruptured aneurysms are generally low [6],
the presence of severe vessel tortuosity can lead to difficulty in catheterization and therefore
complications on the vessels or failure of treatment. The possibility of using different vascular
access rather than the classic femoral artery, such as the radial or carotid ones, could help reduce this
failure rate.
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We present the first reported Italian case of a DERIVO® Flow Diverter stent (FDS) placement in a
wide necked intracranial aneurysm by direct carotid puncture.

2. Case Presentation

In March 2018 an 80-year-old woman with mild cognitive impairment and migraine was admitted
to our University Hospital due to the incidental finding of a saccular aneurysm of the right internal
carotid artery at the sovra-clinoid segment. She had history of breast cancer as well as arterial
hypertension and dyslipidemia. The aneurysmatic lesion was discovered with a brain MRI study,
which she underwent due to worsening of her cognitive performances. At a clinical examination, there
were no signs of neurological deficits or symptoms compatible with the presence of the aneurysm.
The patient underwent a digital subtracted angiography (DSA) to better evaluate the size and
morphology of the lesion. DSA showed the presence of a medium-sized, wide-necked, sacciform
aneurysm (measuring 10 × 11 mm) of the right internal carotid artery (ICA) at the sovra-clinoid tract
(C5), associated with a small wall ectasia of the communicating tract (C7) (measuring 2 mm) (Figure 1).
A severe tortuosity of supra-aortic vessels was witnessed, with no other aneurysmatic lesions or
vascular malformations of the intracranial circulation. The choice for an endovascular approach was
madeduring a multidisciplinary meeting held by neurosurgeons and neuroradiologists, taking into
account the size, the anatomical location of the aneurysm as well as patients age and comorbidities.
The patient accepted to undergo the endovascular treatment by deployment of a FDS (“DERIVO®”
Embolization Device, Acandis, Pforzheim, Germany) which was planned for the next month. Informed
patient consent for the procedure and for publication was obtained.
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Figure 1. Eighty-year-old female with right internal carotid artery sacciform aneurysm. Findings:
Latero-lateral view of digital subtracted angiography demonstrates a medium-sized, wide-necked,
sacciform aneurysm artery (solid arrow) at the sovra-clinoid tract of the right internal carotid. Technique:
DSA low-dose, 80 Kv, 14 mAs; 2 frame × second (4 s) 1 frame × second (8 s).

The patient was premedicated with double antiplatelet therapy with clopidogrel 75 mg/day and
acetylsalicylic acid 100 mg/day one-week prior the operation.
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During the preoperative phase of DSA, due to the tortuosity of the vessels (Type 3 aortic arch)
(Figure 2), it was not possible to place a stable guiding catheter in the right ICA, leading to a severe
instability of the triaxial system while navigating the artery. Therefore, we proposed a different
approach to the lesion, by direct puncture of the right common carotid artery(CCA) with ultrasound
guide, (Figure 3) using a short 6-French sheath and a coaxial system with Neuron 053” (Penumbra Inc.,
Alameda, CA, USA) as guiding catheter and Excelsior XT-27 (StrykerNeurovascular, Fremont, CA,
USA) as microcatheter to deliver the stent. We managed to successfully deploy the FDS “DERIVO 5,5
× 20 mm” covering the aneurysmatic lesion (Figure 4). During the procedure, we administered the
patient 5000 UI of heparin, after carotid puncture and placement of the vascular sheath, and 500 mg of
acetylsalicylic acid after stent deployment. An additional 2000 UI of heparin was administered at the
end of the procedure. The patient was then sent to the operating theater were the vascular surgeon
performed surgical repair of the CCA after the vascular sheath removal.
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Figure 4. Findings: Latero-lateral view of digital subtracted angiography demonstrates correct
placement of the flow-diverter stent (solid arrow and circle) with complete coverage of the aneurysm
vessel and contrast medium stasis inside the aneurysm sac (dashed line arrow). Technique: DSA
low-dose, 80 Kv, 14 mAs; 2 frame × second (4 s) 1 frame × second (8 s).
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After surgical repair of the CCA, the patient was woken up showing no neurological deficits.
During post-operative monitoring, about six hours after the endovascular procedure, however,
she complained of swelling of the neck and therefore a second surgical review of the carotid access was
required. No other post-procedural complications were witnessed, and the patient was discharged
four days after the procedure.

Follow-up was performed at 6 (Figure 5), 12 and 24 months with Angio-MR with 3d-TOF and
CEMRA technique showing complete exclusion of the aneurysmatic lesion at 24 months without any
delayed complications. At follow-up the patient remains asymptomatic.

All procedures performed in studies involving human participants were in accordance with the
1964 Helsinki Declaration and its later amendments or comparable ethical standards.
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Figure 5. Findings: Six-months MR and MRA performed at our institution: (A) T2 brain acquisition
showing shrinkage of the aneurysmatic sac on the left ICA (hollow arrow); (B) 3D TOF MRA acquisition
showing minimal signal intensity on the neck portion of the aneurysmatic sac (solid arrow).

3. Discussion

Endovascular treatment of intracranial aneurysm is becoming the first treatment of choice
especially in older patient with high surgical risk. This approach has usually shorter procedural
times and is commonly associated with shorter recovery and hospitalization times compared to the
traditional neurosurgical approach.

One of the main challenges of endovascular treatment is represented by the catheterization of
the affected artery, which, especially in older patients, can be difficult due to tortuosity of the vessels.
Many authors described different approaches for neurointerventional procedures, such as brachial and
radial access [7]; these approaches have a lower risk rate during hemostatic closure, but catheterization
of the common carotid artery is not always simple through this approach, since it usually arises with a
steep angle from the aortic arch, which may cause drop or kinking of the guiding catheter.

Direct carotid puncture, although presenting a higher risk of bleeding and neck hematoma,
allows us to skip the unfavorable aortic arch anatomy with faster procedural times and lower risks of
complication on the vessels.



Brain Sci. 2020, 10, 320 6 of 8

In our case the bleeding risk was increased as the patient was under double antiplatelet therapy.
It was necessary to puncture the neck under ultrasound guidance at the level of the common carotid
artery about one centimeter lower than the bifurcation, to leave enough space for the surgeon during
the surgical repair of the vessel. The antiplatelet therapy was not considered a contraindication to
vascular surgery.

Most authors descriptionsof carotid access for neurointerventional procedures are from reports of
emergency cases ratherthan elective treatments, such as stroke and ruptured aneurysm coiling [8,9].
In the event of excessive tortuosity of the supra-aortic trunks or inability to use the iliac axes due to
severe atheromasia, the possibility of direct access to the carotid artery may represent an important
option in this type of patient.

Direct carotid puncture under ultrasonography guidance have been reported in a few case series,
that reported good outcomes with fast procedural times [9–11]. Lee et al. reported a series of 17 patients
that were treated with neurointerventional procedures by direct carotid approach. All patients in the
series were treated by exposure of the carotid artery in hybrid endovascular theater with surgical
exposure of the vessel, no complications were reported, but procedural times were not compared to
the percutaneous puncture [12].

Another study from Larrazabal et al. reports a series of 4 patients that underwent
neuroendovascular procedures (cerebral aneurysm coiling in 3 patients and retrograde common
carotid artery stenting in one) by surgical exposure of the carotid artery and subsequent direct arterial
puncture; in this study one patient was treated with only local anesthesia and no complications related
to the vascular access were reported [13].

Dorfer et al. reported a comparison of 23 patients treated with both direct percutaneous puncture
and surgical exposure, which showed similar results, without complication in both the percutaneous
and surgical access [14].

No closing devices are currently approved for percutaneous carotid puncture; Cuellar et al.
reported a case series of eight patients were Angioseal™ (Vascular Closure Device, Terumo, Tokyo,
Japan) was used to perform carotid hemostasis, reporting no device related complications; the main
weakness of this study is the small sample size, therefore all closing devices used with this vascular
access are still off-label [15].

Only one other case of flow diverter positioned by direct puncture of the carotid artery is reported
in the literature; in that case a giant cavernous carotid internal aneurysm was treated in 2019; in this
case report the patient had bilateral mirror aneurysms of the cavernous segment but was treated by
direct carotid puncture only on the left side; they also performed percutaneous ultrasound guided
puncture of common carotid artery but hemostasis was obtained by deployment of MynxGrip collagen
plug device (AccessClosure, Inc., Mountain View, CA, USA) with no registered complications [16].

Choice of vascular access closure was taken together with the vascular surgeon, taking into
account the fact that we did not have Angioseal nor MynxGrip available at the time of the procedure,
and the only closure device available (PerClose ProGlide™, Abbott Laboratories, Chicago, IL, USA)
was considered to be too large and was not reported in literature for carotid artery closure.

In our experience, the surgical closure of the percutaneous carotid puncture appeared to be slightly
more complicated than the surgical repair of the carotid artery punctured after exposure, but it is a
procedure that can be performed also in a regular angio-suite, with a second time in surgical theater,
reducing time of the endovascular procedure. By this approach, choice of carotid access can be delayed
after a first attempt of vascular catheterization from the classic femoral access, reserving the carotid
puncture as a last resort of vascular access.

4. Conclusions

In our experience, percutaneous direct carotid puncture is a viable alternative access and appears
to be a safe and effective approach to treat patients with severe supra-aortic vessels tortuosity, which
prevents the traditional femoral approach. Use of ultrasound, in our opinion, is a great tool to reduce
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puncture risks and to correctly position the vascular sheath. Hemostasis can be complicated to obtain;
since no closure device has been approved for carotid puncture each operator should choose according
to one’s experience, not forgetting that surgical closure is still a viable option. We reported as vascular
access complication a minor bleeding of the surgical wound, which required surgical revision but did
not affect patient neurological conditions nor did it prolong hospitalization times.

Author Contributions: G.G., first operator; B.D.S.; case report writer; C.S.; second operator; A.P. and A.G.,
data and images collection; M.L., language revisor; A.C.; case report reviewer. All authors have read and agreed
to the published version of the manuscript.
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