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Use of Distal Intracranial Catheters for Better Working
View of Cerebral Aneurysms Hidden by Parent Artery

or Its Branches: A Technical Note

Ehab Mahmoud, MD, PhD, Samuel Lenell, MD, Christoffer Nyberg, MD, PhD, Ljubisa Borota, MD, PhD

Department of Surgical Sciences, Uppsala University Hospital, Uppsala, Sweden

A good working view is critical for safe and successful endovascular treatment of cerebral
aneurysms. In a few cases, endovascular treatment of cerebral aneurysms may be challenging
due to difficulty in obtaining a proper working view. In this report of 6 cases, we described the
advantage of using a distal intracranial catheter (DIC) to achieve better visualization of cerebral
aneurysms hidden by a parent artery or its branches. Between September 2017 and January
2021, we treated 390 aneurysms with endovascular techniques. In 6 cases in which it was diffi-
cult to obtain a proper working view, the DIC was placed distally close to the aneurysm in order
to remove the parent artery projection from the working view and obtain better visualization
of the aneurysm. Clinical and procedural outcomes and complications were evaluated. The
position of the DIC was above the internal carotid artery siphon in the 6 cases. All aneurysms
were successfully embolized. Raymond—Roy class 1 occlusion was achieved in all 4 unruptured
aneurysms, while the result was class 2 in the 2 ruptured aneurysms. Placement of the DIC
was atraumatic without dissections or significant catheter-induced vasospasm in all patients.
Transient dysphasia was seen in 2 cases and transient aphasia in 1. Using this technique, we
have found it possible to better visualize the aneurysm sac or neck and thereby treat cases we
otherwise would have considered untreatable.
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INTRODUCTION

results, like coil placement in the parent
artery, aneurysm perforation, or failure

Endovascular coil embolization of in- to occlude the aneurysm properly.

tracranial aneurysms requires 2-dimen-
sional X-ray images, known as working
views, to visualize the aneurysm sac and
neck during coiling. A good working
view during endovascular treatment
of cerebral aneurysms is essential to
achieving successful occlusion of the
aneurysm. Failure to obtain an adequate
working view may result in unsuccessful

Despite improvement in 3-dimensional
(3D) digital subtraction angiography in
mapping and obtaining a proper work-
ing view for endovascular treatment of
intracranial aneurysms, some cases pose
challenges in obtaining a proper work-
ing view.” Distal intracranial catheters
(DICs) are a newer generation of distal
guide and access catheters that have
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soft distal ends, thereby allowing the catheter to navigate
further into the intracranial circulation. DICs are used to treat
various cerebrovascular pathologies, including intracranial
aneurysms, to achieve stable and better control of microca-
theters.” " In our 6 cases, we selected the best working pro-
jection from the 3D rotational angiography, but during injec-
tion into the guiding catheter in the parent vessel, we were
not able to visualize the aneurysm sac and neck properly.
We found that placement of the DIC intracranial close to the
aneurysm contributes significantly to better visualization of
aneurysms and consequently to technically easier interven-
tion with better radiological results and clinical outcomes.

MATERIALS AND METHODS

At our institution, coil embolization for intracranial aneu-
rysms is performed using a standard coaxial system. Since
June 2017 we have used DICs in several neurointerventional
procedures. The DIC was used to overcome anticipated
difficulties by stabilizing the microcatheter during coiling in
cases with parent vessel tortuosity.

In these reported cases, we treated 6 aneurysms in 6 pa-
tients. In all these cases, DICs were used not only for achiev-
ing stability and better control of microcatheters, but also for
obtaining better visualization of the aneurysm. Two patients
presented with subarachnoid hemorrhage (SAH) and were

Table 1. Radiological and clinical data
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treated for ruptured aneurysms, and 4 patients were treated
electively. The ruptured aneurysms were treated with coils
alone; one of them with a balloon-assisted technique. The 4
unruptured aneurysms were treated with a stent and coils; 2
cases were treated with a Y-stenting technique, and the oth-
er 2 cases were treated with a single stent. The aneurysms
were located in the anterior communicating artery (Acom,
n=2) and middle cerebral artery (MCA, n=4) (Table 1).

The safety and efficacy of using a DIC distally close to an
aneurysm, procedural complications, and the obliteration of
the aneurysms were retrospectively evaluated.

Procedures and Interventions

All radiological findings, technical details of interventions,
complications, immediate and midterm radiological results,
and midterm clinical outcomes are shown in Table 1.

All patients underwent a standard digital subtraction an-
giogram (DSA) and rotational angiography with 3D recon-
structions to characterize aneurysm and parent artery anato-
my. The best working views for endovascular treatment were
deduced from 3D reconstructions. The aneurysm sac or
neck was hidden by the parent artery or its branches in the
best working view. Therefore, it was decided to put the DIC
distally close to the aneurysm to avoid over-projection of the
parent artery.

All procedures involved the use of a femoral 8F artery
sheath. A 6F AXS Infinity LS Long Sheath, 80 or 90 cm (Stryker

: Midterm Midterm
Clinical ~ Aneurysm Micro- DIC Il follow-u follow-u
Patient ; Y Intervention DIC Complication " radiological ) P - P
picture  location catheters position result (RR) radiological  clinical re-
result (RR)  sult (mRS)
1 SAH Acom Coil 1 Sofia No Ant. 2 1 0
plus 6F choroidal
2 Incidental MCA Stent & coil 2 Sofia Transient Proximal 1 1 0
plus 6F dysphasia M1
3 Incidental  Acom Stent & coil 2 Sofia No Carotid 1 1 0
plus 6F terminus
4 Incidental MCA Y-stent & 2 Catalyst Transient Carotid 1 1 0
coil 6F aphasia after  terminus
8 days
5 Incidental MCA Y-stent & 2 Catalyst Transient Proximal 1 1 0
coil 6F dysphasia M1
6 SAH Acom Balloon & 2 Sofia No Proximal 2 1 0
coil plus 6F Al

RR, Raymond-Roy scale; mRS, modified Rankin Scale; DIC, distal intracranial catheter; SAH, subarachnoid hemorrhage; Acom, anterior

communicating artery; MCA, middle cerebral artery; Ant,, anterior.

268 www.neurointervention.org



Mahmoud E et al. Using Distal Intracranial Catheters for Better Working View

Neurovascular, Cork, Ireland) was placed proximally in the
internal carotid artery. All interventions were performed with
systemic heparinization; the patients initially received a bolus
dose of 5,000 units of heparin, subsequently heparinized to
more than twice the baseline activated clotting time. In pa-
tients with unruptured aneurysms, dual antiplatelet therapy
was started with a loading dose of 180 mg ticagrelor and
300 mg aspirin the night before the intervention; then 90 mg
ticagrelor and 75 mg aspirin were given on the morning day
of the intervention. All of the devices were connected to a
continuous flush of heparinized saline. To avoid vasospasm, 5
mg of the calcium channel blocker (nimodipin) was injected
into the flush bag connected to the DIC.

A SOFIA (6F) Plus DIC, (MicroVention, Tustin, CA, USA) 0.070-
inch inner diameter (ID), 125 cm catheter was used in 4 cases.
An AXS Catalyst 6 DIC (Stryker Neurovascular, Fremont, CA,
USA) 0.060-inch ID, 132 cm was used in 2 cases. All aneu-
rysms were catheterized with a Headway 17 microcatheter
(MicroVention), and a Traxcess 14 microwire (MicroVention)
was used for coiling. A Headway Duo, 156 cm (MicroVen-
tion) microcatheter was used for deployment of the stent in
4 cases. A Scepter XC balloon (MicroVention) was used in the
balloon-assisted procedure. Atlas Neuroform stents (Stryker
Neurovascular) were used in 3 cases and a LVIS EVO stent
(MicroVention) in 1 case. DICs were place in the terminus
internal carotid artery (ICA, n=2), proximal M1 segment (n=2),
proximal Al segment (n=1), and anterior choroidal artery lev-
el (n=1) (Table 1). Placement of the DIC was atraumatic with-
out dissections or significant catheter-induced vasospasm
in all patients. Midterm follow-up results were evaluated
6 months after the treatment. Immediate and midterm radio-
logical results were assessed using a modified Raymond-Roy
scale,* while clinical results were evaluated using a modified
Rankin Scale (mRS).

RESULTS

Immediate Angiographic Results

All aneurysms were embolized successfully; the degree of
embolization corresponding to Raymond-Roy class 1 in 4
unruptured aneurysms and class 2 in 2 ruptured aneurysms.

Midterm Angiographic Follow-up Results
At midterm follow-up, the degree of embolization of the an-
eurysms corresponded to Raymond-Roy class 1in all 6 cases.

https://doi.org/10.5469/neuroint.2021.00269

Midterm Clinical Follow-up Results
The clinical condition was classified as a 0 according to the
mRS in all 6 cases.

Complications

We recorded 3 complications (Table 1). One patient (case 2),
who was treated with a stent and coils, developed transient
dysphasia after the treatment. Diffusion-weighted MR imag-
ing revealed a lacunar infarction in the insular cortex on the
ipsilateral side. One patient (case 5), who was treated with
coils and 2 stents deployed in a “Y” configuration, developed
dysphasia after the intervention. Postoperative computed
tomography (CT) showed minimal subarachnoid bleeding in
the left Sylvian fissure. Virtual non-contrast images from the
dual-energy CT showed no subarachnoid bleeding, which
means it was a contrast material extravasation, and con-
trast-induced encephalopathy was considered. The patient
recovered completely within 2 days with steroid treatment.
One patient (case 4), who was treated with coils and 2 stents
deployed in “Y” fashion, developed transient aphasia 8 days
after the procedure and a CT scan revealed neither hemor-
rhage nor infarct.

Representative Cases

Case 1

A patient presented with acute headache, seizure attack,
and vomiting. A non-contrast CT scan showed a widespread
SAH, and a CT angiogram revealed an Acom aneurysm con-
sistent with the hemorrhage. An external ventricular drain
was placed first. A diagnostic DSA revealed a 5x3 mm aneu-
rysm in the Acom (Fig. 1). The aneurysm showed a relatively
wide neck, about 3 mm. After a multidisciplinary discussion,
the decision was made to perform a balloon-assisted coiling
trial first as we try to avoid dual antiplatelet therapy in rup-
tured cases, and if that is not possible, aneurysm occlusion
is performed with stent and coils. During the review of the
3D rotational reconstructed images, we found that the best
possible working view was suboptimal because the aneu-
rysm sac was hidden by the ICA. After placing a SOFIA (6F)
Plus distally in the AT segment, the aneurysm sac could be
defined clearly. The A2 segment was catheterized with a
Scepter XC balloon and placed in front of the aneurysm’s
neck. The aneurysm was catheterized with a Headway 17
microcatheter and Traxcess microguidewire. The aneurysm
was occluded with 5 coils with a total length of 24 cm. The
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last angiographic control showed that the aneurysm, with a
minimal neck remnant, was occluded.

Case 2

A patient presented with dizziness and fatigue. A non-con-
trast CT scan and CTA showed an MCA aneurysm on the
left side. A diagnostic DSA revealed a wide-neck aneurysm,
about 12x13 mm, at the left MCA bifurcation (Fig. 2). Both M2
segments originated from the neck of the aneurysm. After
discussion with the patient, the decision was made to per-
form coiling of the aneurysm assisted with a stent. However,
the procedure using our normal approach with a 6F guide
catheter proximal in the ICA was unsuccessful because it
was not possible to catheterize the lower M2 segment as it
was hidden by the ICA, and the microcatheter system was
unstable because of the tortuosity of the ICA. In the next en-
dovascular treatment session, we used our new technique.

Vol. 16, No. 3, November 2021

A DIC Catalyst 6F was placed in the proximal M1 segment.
Injection into the DIC made the aneurysm sac, neck, and ori-
gin of both M2 segments clearly visible. Y-stenting was done
using a Headway Duo microcatheter, while the Headway 17
microcatheter was jailed in the aneurysm. After the stents
were placed in their positions, the Catalyst 6F was pulled
down in the ICA and the aneurysm was occluded with
10 coils, with a total length of 275 cm. The last angiographic
control showed that the aneurysm was occluded and that
both M2 segments were preserved.

Case 3

A patient presented with acute headache. A non-contrast
CT scan showed a widespread SAH, and a CT angiogram
revealed an Acom aneurysm consistent with hemorrhage.
An external ventricular drain was placed first. A diagnostic
DSA revealed a 3x1.4 mm aneurysm in the Acom (Fig. 3). The

Fig. 1. (A) 3D reconstruction showing the best working view and the aneurysm sac hidden by the ICA. (B) Same working projection after the ICA
had been sculpted. (C) DIC tip (arrow) located in proximal Al segment. (D) Contrast injection into the ICA proximally, showing aneurysm sac hidden
by the ICA. (E) Contrast injection into the DIC in the Al segment with better visualization of aneurysm sac and neck. (F) Post coiling angiographic
control demonstrates aneurysm obliteration. 3D, 3-dimensional; ICA, internal carotid artery; DIC, distal intracranial catheter.
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aneurysm showed a relatively narrow neck. The decision was
made to perform coiling in the aneurysm. The best work-
ing view selected from 3D rotational reconstructed images
showed that the aneurysm sac was hidden by the internal
carotid artery. After placing a SOFIA 6F Plus distally in the ICA
terminus, the aneurysm neck was clearly visible, but not the
whole sac. The aneurysm was catheterized with a Headway
17 microcatheter and Traxcess 14 microguidewire. The aneu-
rysm was occluded with a total of 2 coils with total a length
of 9 cm. The last angiographic control showed that the an-
eurysm, with minimal neck remnant, was occluded.

DISCUSSION

In this report, we present our experience using DICs placed

close to an aneurysm in order to obtain good visualization
of the aneurysmal sac or the neck. In all our cases, the aneu-
rysmal sac and/or neck was hidden by the internal carotid
artery and its branches during the initial angiography. By
placing the DIC more distally in the parent artery, close to the
aneurysm, we managed to sculpt most of the parent artery
and get a clear view of the aneurysm sac or the neck.

A complex aneurysm is described in the literature as a
giant aneurysm, an aneurysm with a wide neck, or an aneu-
rysm with 1 or 2 branches originating at the neck or from
the aneurysmal sac.”” However, sometimes during our work
as neurointerventionists, we encounter aneurysms which
we consider to be simple aneurysms but which, due to diffi-
culties in obtaining an optimal working view, turn out to be
complex and sometimes even endovascularly inoperable.

Traditional guide catheters are relatively stiff in order to pro-

1
: 2PN it it
B P T W AR A

Fig. 2. (A) 3D reconstruction showing the best working view and the neck of the MCA aneurysm and origin of lower M2 segment hidden by the

ICA. (B) Contrast injection into the left ICA shows aneurysm neck hidden by the ICA. (C) Contrast injection into the DIC in the M1 segment with bet-
ter visualization of the aneurysm neck and origin of M2 segments. (D) Microcatheter placed in lower M2 segment (arrow). (E) Angiographic run with-
out subtraction showing both stents in place (arrows) and microcatheter jailed in the aneurysm. (F) Post coiling angiographic control demonstrates
obliteration of the aneurysm. 3D, 3-dimensional; MCA, middle cerebral artery; ICA, internal carotid artery; DIC, distal intracranial catheter.
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vide stability, which limits their navigability distally, close to
an aneurysm. Advances in guide catheter technology have
led to the development of newer guide catheters which are
softer, more flexible, and more trackable compared to older
models. Several centers have described their experiences
with the use of DICs in endovascular treatment of intracranial
aneurysms with difficult access to achieve stable and better
control of microcatheters during coiling of the cerebral an-
eurysms.*" To the best of our knowledge, the advantages
of the use of DICs to obtain a better working view and better
visualization of the aneurysm have not been described so far.

The DICs we used in the treatment of our patients, SOFIA
6F plus and AXS Catalyst 6, were originally designed to be
used for mechanical thrombectomy in the treatment of
acute ischemic stroke.®" In order to enhance the stability of
DICs, we used a pentaxial system originally described by Lin
et al'® Placement of the DICs in branches of ICA was feasible

Vol. 16, No. 3, November 2021

without catheter-related injuries (dissection or vasospasm).
Even though we did not register any catheter-related inju-
ries, the vessel diameter and angle of the Al or M1 segment
should be considered to avoid possible ischemic compli-
cations in small diameter vessels and dissection that could
occur during forced tracking of the DIC distally.

The transient neurological deficits reported in 3 cases
(Table 1) cannot likely be directly attributable to the use of
DICs. The transient dysphasia in cases 2 and 5 was caused by
minor infarction and subarachnoid bleeding, respectively.
In case 4, the transient dysphasia occurred 8 days after the
intervention and radiologic examination revealed neither
bleeding nor infarction. All patients recovered completely
after a couple of days. These complications might have been
related to the technique of coiling and stent deployment, or
perhaps a toxic effect of the contrast on brain parenchyma
in case 5. Even though we assume that these complications

Fig. 3. (A) 3D reconstruction showing the best working view and the Acom aneurysm sac hidden by the ICA. (B) Same working projection after the
ICA had been sculpted. (C) Contrast injection into DIC in the carotid terminus showing better visualization of aneurysm sac and neck (arrow). (D) Post
coiling angiographic control showing obliteration of the aneurysm. (E) Angiogram obtained by contrast injection into the ICA proximally shows the
aneurysm sac hidden by the ICA. (F) Post-coiling 3D reconstruction confirms the obliteration of the aneurysm and preservation of the parent vessels.
3D, 3-dimensional; Acom, anterior communicating artery; ICA, internal carotid artery; DIC, distal intracranial catheter.
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were not related to our technique, we recommend avoid-
ing injections of large amounts of contrast when the DIC is
placed in M1 or Al segments.

The SOFIA 6F plus and AXS Catalyst 6 were used in
conjunction with 6F Infinity 0.88-inch ID, 80 cm or 90 cm
sheaths, in all cases due to adherence between the long
sheath and the DIC, which can reduce the ability to obtain a
high-quality roadmap. We recommend obtaining the imag-
ing and/or roadmaps prior to DIC placement.

Since the ID in the AXS Catalyst 6F is 0.60 inches, we expe-
rienced some difficulty in obtaining a high-quality roadmap
when we used 2 microcatheters, but we did not experience
this problem with SOFIA 6F Plus, which has a larger ID of 0.70
inches. However, we suggest a gentle injection of contrast
to avoid perforation of the aneurysm, especially in ruptured
aneurysms.

We consider the 2 ruptured Acom aneurysms (Figs. 1, 3)
in our report endovascularly inoperable without using this
technique, as the aneurysm in both cases was small and
completely hidden by the parent artery. Despite the treat-
ment procedure (Y-stent and coils) being complex in 2 of the
unruptured cases, we experienced a stable microcatheter
and a very good working view, which enabled us to cathe-
terize the distal intracranial vessels in an easy and safe way.
Finally, using a distally placed DIC was crucial with regard
to obtaining a sufficient working projection and providing
good support for the microcatheter system.

CONCLUSION

Using the technique described in this paper, we found it pos-
sible to better visualize the aneurysmal sac and/or neck and
thereby treat cases we otherwise would have considered
untreatable. Although this technique is relatively simple and,
in our hands, without serious complications, we recommend
reserving this technique for cases that would be difficult
or impossible to treat endovascularly without an adequate
working view.
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