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Transvenous Treatment of Carotid Aneurysms Through Transseptal Access
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-BACKGROUND: Transseptal puncture has been widely used by cardiologists
to reach the left side of the heart through a transvenous access. Rarely, it also
can be used to pass into the supra-aortic arteries from the venous side when
conventional transarterial access pathways (transfemoral, transradial/brachial
routes, or direct carotid puncture) are likely to fail.

-CASE DESCRIPTION: We report 2 cases of transvenous femoral access fol-
lowed by transseptal access to aorta to treat dissecting carotid artery aneu-
rysms at the level of the skull base with flow diverters. In one case, multiple
cervical arterial bypass operations and in the other a rare anomaly of the aortic
arch precluded endovascular treatment through conventional routes.

-CONCLUSIONS: Transvenous-transseptal access enabled treatment of both
cases easily and without complications. On follow-up computed tomography
angiograms, both flow diverters were patent, there were no residual aneurysms,
and no neurologic or cardiac adverse events in either patient.
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BACKGROUND

Despite the controversy surrounding the
endovascular treatment of cervical carotid
artery dissections associated with an
aneurysm, there is a subgroup of patients
in whom clinical decision favors endo-
vascular treatment based on the very low
(as low as 0% morbidity in large clinical
series) treatment risk.1 Among these
lesions, untreated traumatic dissecting
aneurysms represent a more specific
subset with unique morphologic features2

and a worse prognosis3 as compared
with spontaneous dissections. Therefore,
traumatic dissections and aneurysms
require a more aggressive treatment
strategy.4 We report 2 patients, one who
was involved in a motor vehicle accident
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and another with Eagle syndrome, a
condition in which repetitive carotid
trauma due to an elongated styloid
process is responsible for carotid
dissecting aneurysms.5 In both cases,
previously reported routes of access to
the common carotid artery were not
feasible, and a transvenousetransseptal
approach was successfully performed to
treat dissecting carotid aneurysms.
CASE DESCRIPTIONS

Both of the patients provided consent for
this publication in addition to their pre-
vious consent for their treatment.
CASE 1

A young man suffered a severe motor
vehicle accident resulting in a traumatic
dissection of the distal aortic arch and an
associated large pseudoaneurysm. He
underwent an urgent left subclavianeleft
common carotid bypass followed by
carotidecarotid bypass from the right
common carotid artery to the contralat-
eral common carotid artery, and finally
the dissected aortic segment was treated
by placement of an aortic graft. Just after
the final treatment, he developed an
APRIL 2019 www.journals.el
aortoiliac thrombosis and underwent
aortofemoral bypass surgery. One month
after the last surgery, while under dual
antiplatelet treatment, he had transient
right-sided hemiparesis. Computed to-
mography angiography (CTA) of the head
and neck revealed patency of the bypasses
and a partially thrombosed dissecting
left-sided, high cervical carotid aneurysm
(Figure 1A).
Because of the anticipated difficulties

and risks of accessing the aortofemoral
bypasses in the subacute period as well as
navigating catheters into the angled left
common carotid artery ostium, which was
partially covered by the aortic graft, a
femoral route for endovascular treatment
was not attempted. A left brachial access
and navigation through the bypass was
also considered to be risky, with a ques-
tionable chance of success due to the
angulation and stenosis at the suture line
of the bypass. Direct percutaneous carotid
access in the recently operated neck also
was not considered.
Finally, under dual antiplatelet therapy

(clopidogrel 75 mg/day, aspirin 75 mg/day)
and general anesthesia, a right femoral
venous access was established and the right
atrium was catheterized with an 8F Desti-
nation sheath (Terumo Medical Corp.,
sevier.com/world-neurosurgery 459
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Figure 1. (A) Computed tomography angiogram of the head demonstrates a traumatic aneurysm of
the left internal carotid artery. (B) Access to the aorta with the guidewire was achieved via
transseptal puncture and then navigation of the guidewire through the left atrium, mitral valve, left
ventricle, and finally aortic valve. The distal access catheter was navigated into the aorta through the
transseptal sheath and over the guidewire. (C) Then, the distal access catheter was pulled back and
the origin of the left common carotid artery was engaged and this artery was catheterized. The figure
shows the tip of the distal access catheter in the proximal left common carotid artery. (D) Control
computed tomography angiogram at 6 months shows the patency of the carotid artery and no
evidence of a residual aneurysm.
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Elkton, Maryland, USA). Transseptal access
(TSA) was obtained with a Brockenbrough
needle (Medtronic CardioVascular, Munds
View, Minnesota, USA) under trans-
esophageal ultrasound guidance. The nee-
dle was replaced with a 6F guiding catheter
that was used to catheterize the left com-
mon carotid artery after traversing the
460 www.SCIENCEDIRECT.com
mitral and aortic valves (Figure 1B, C). The
aneurysm was treated by deployment of a
5 � 30-mm Pipeline device (Medtronic,
Irvine, California, USA) delivered through a
Marksman microcatheter (Medtronic)
microcatheter. The patient tolerated the
procedure well. On follow-up, the patient
remained asymptomatic and control
WORLD NEUROSURGERY, http
computed tomography studies on post-
operative day 3 and at 6 months revealed
complete thrombosis of the aneurysm
(Figure 1D) and patency of the carotid
artery. The patient was doing well 72
months after treatment.
CASE 2

A young woman presented with acute
exacerbation of her chronic, right-sided
head and neck pain, which had recently
ceased to respond to oral analgesics.
Magnetic resonance angiography of the
head revealed a thrombosed cervical inter-
nal carotid artery aneurysm and narrowing
of the right distal internal carotid artery.
The patient was diagnosed with acute
dissection of the internal carotid artery and
was started on oral anticoagulation. Soon
after discharge, she presented with wors-
ening headaches. CTA revealed recanaliza-
tion of the dissecting aneurysm and an
elongated (approximately 5 cm) right
styloid process which showed a notch
adjacent to the dissecting aneurysm
(Supplementary Figure 1A). Both the CTA
and a magnetic resonance angiogram
showed a right-sided aortic arch and a
small (4 mm in diameter) right common
carotid artery that directly arose from the
aortic arch as its second branch and
ascended deep in the neck adjacent to the
vertebral column (Figure 2A and
Supplementary Figure 1B). A right carotid
angiogram was extremely hard to perform
due to the multiple angulations of the
aortic arch and due to the steep takeoff of
the right common carotid artery
(Supplementary Figure 1C, Figure 2B) as
the first supra-aortic artery. The angio-
gram showed a dissecting aneurysm of the
distal right internal carotid artery
(Figure 2C). The senior interventionalist
was able to obtain a selective angiogram
of the right internal carotid artery only
with the use of a microcatheter placed
through the Simmons 2-type diagnostic
catheter. The patient refused to have sur-
gical treatment for Eagle syndrome. A
suggestion to treat the aneurysm was made
based on the unstable nature of the aneu-
rysm, possibility of further carotid injury as
part of Eagle syndrome, and the young age
of the patient.
Because navigation of a triaxial catheter

system to the right internal carotid artery
would be at least as difficult through a
s://doi.org/10.1016/j.wneu.2018.12.207
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Figure 2. (A) Volume-rendered image of the computed
tomography angiogram of the head and neck reveals the
anomalous aortic arch and the supra-aortic major arteries. The
first branch is the left common carotid artery, the right common
carotid artery (CCA) originates directly originates from the arch,
as its second branch, with an acute angle and it is hypoplastic. It
ascends alongside the right vertebral artery deep in the neck.
The right subclavian artery also arises directly from the aortic
arch as the third branch. (B) Aortogram obtained with a
Simmons-2 type catheter shows that the anomalous aortic arch
has a steep angulation as it descends from the right side to the
left. The left subclavian artery arises from the aorta on the left
side with an infundibulum at its origin. The left CCA is slightly

smaller in diameter as compared to the ipsilateral cervical
vertebral artery. (C) The dissecting aneurysm of the right internal
carotid artery (ICA) as seen on 3-dimensional views obtained
from the rotational angiogram. (D) The root of the aorta is
accessed with a Navien 058 catheter (Medtronic) which was
navigated through an 8.5 F sheath. This sheath was navigated to
the right atrium from the venous side, then its tip was placed
into the left atrium after a transseptal puncture. The Navien
catheter made a loop in the heart by going through, in order, the
mitral valve, the left ventricle, and the aortic valve to reach the
root of the aorta. (E) Computed tomography angiogram obtained
at 8 months shows a patent right ICA and no evidence of a
residual aneurysm.
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brachial approach as the femoral access
and because the small and anomalous ca-
rotid artery lied deep in the neck (by the
Video available at
www.sciencedirect.com
vertebral column, as noted in
Figure 2A and Supplementary
Figure 1B), TSA was
considered to be the best
approach for endovascular
treatment. The patient was
administered clopidogrel for 7
days. Under general
WORLD NEUROSURGERY 124: 459-463,
anesthesia and through a femoral venous
access, an 8.5F steerable introducer
sheath (Agilis NXT; St. Jude Medical, St.
APRIL 2019
Paul, Minnesota, USA) was
placed in the right atrium
and under transesophageal
ultrasound guidance, the
atrial septum was pierced
with a transseptal needle
(BRK; St. Jude Medical)
(Video 1).
www.journals.el
The catheter was steered by its handle
and kept at the TSA site by the first
operator while the second operator first
navigated a Neuron Max catheter (Pen-
umbra, Alameda, California, USA), which
ended up being too short to reach the
aorta. Then, a 5F 125-cm Navien distal
access catheter (Medtronic) was
exchanged with the Neuron Max catheter.
The Navien catheter was navigated
through the mitral and aortic valves to
sevier.com/world-neurosurgery 461
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reach the root of the aorta and finally the
right common carotid artery (Figure 2D).
Because this artery originated from the
anomalous aortic arch at a straight
trajectory in relevance to the outflow
tract of the left ventricle (Supplementary
Figure 2), catheterization of the right
common carotid artery was
straightforward. Once the right common
carotid artery was accessed and
angiograms were performed
(Supplementary Figure 3A), a Headway
027 catheter (Microvention, Tustin,
California, USA) was used to deploy a
6 � 50-mm Derivo device (Acandis, For-
sheim, Germany) (Supplementary
Figure 3B). The proximal part of the
stent was pinned by deployment of a
4.5 � 30-mm Neuroform stent (Stryker,
Kalamazoo, Michigan, USA) whereas the
distal part was apposed with a 4.5 � 21-
mm Neuroform Atlas stent (Stryker)
placed through an SL-10 microcatheter
(Stryker). There were no complications. At
3 months, an angiogram was obtained and
showed partial opacification of the aneu-
rysm (Supplementary Figure 3C), a cardiac
echocardiogram was unremarkable. At 8
months, the patient reported no
symptoms, the aneurysm was totally
occluded on CTA (Figure 2E) and the
carotid artery was patent. She was doing
well at a recent 1-year clinical follow-up.
CONCLUSIONS

It is suggested that traumatic pseudoa-
neurysm formation is one of the in-
dications for endovascular treatment of
dissecting carotid aneurysms.6 The trauma
may be a major blunt impact, as in our
first case. It may also be secondary to
subtle but repetitive injury, such as the
rare case of the impingement of the
carotid artery by an anomalous styloid
process during forced movements of the
neck, as seen in our second case. The
latter form also has been referred to as a
“self-stabbing phenomenon.”7 A review
by Spanos et al.8 shows that the
endovascular treatment of traumatic
dissections is associated with a very low
risk of serious adverse events. As a
matter of fact, a detailed analysis of this
recent publication shows that the rate of
serious adverse events for endovascular
treatment of these aneurysms is zero
percent in those series reported after the
462 www.SCIENCEDIRECT.com
year 2010. Hence, endovascular treatment
of traumatic cervical carotid artery
aneurysms appears to be a reasonable
management approach, especially for
traumatic aneurysms which, as in our
cases, appear saccular and are more
prone to enlarge.9

Currently transfemoral access to the
carotid artery is the standard approach for
endovascular treatment of vascular lesions
of the anterior circulation. A meta-analysis
by Das et al.10 showed that transfemoral
approach is associated with 3%e11% of
access-related complications, approxi-
mately 1% of which are serious access-site
complications (pseudoaneurysm forma-
tion, retroperitoneal hematoma, or distal
ischemia) regardless of the use of a
closure device. Alternative access through
radial, brachial, or cervical routes may be
necessary in patients with tortuosity of
supra-aortic arteries,11,12 especially when
flow diverters are used,13 because 1%e6%
of neuroendovascular procedures fail
secondary to access-related problems.11 A
large-scale randomized study on safety of
radial versus femoral access showed that
the bleeding complications were approxi-
mately 1% and similar in both types of
access.14 In contrast, the complication rate
of cervical access for neurovascular
procedures is approximately 7%.10,12 The
life-threatening risks of cervical hema-
toma or dissection12,15 in direct access are
not eliminated by arterial closure devices11

and at times, may be precipitated by
them.12

In contrast, the risk of transseptal
puncture (TP)/TSA is low, in the range of
0.5%e2%.16 It is a conventional technique
that dates back to 195917 and is currently
used by cardiologists widely for ablation
of atrial fibrillation. A recently published
series of 504 consecutive TPs reports no
access-related complications using
contemporary access methods.18 Likewise,
a randomized study comparing 2 different
TP methods found that the complication
rate with both methods was zero
percent.16 For the endovascular treatment
of valvular disease, it is not unusual to
perform an angioplasty of the TP site
with large balloons (up to 15 mm in
diameter) without complications
secondary to the TSA.
In our patients, our inability to secure

internal carotid artery access led to the
consideration of alternative access
WORLD NEUROSURGERY, http
pathways. Among these, the radial or
brachial accesses would be futile in patient
2 due to the angulations between the right
subclavian artery and the anomalous aorta
as well as the right common carotid artery
and the aorta. In this patient, direct access
to the common carotid artery would carry
a high risk because the artery was small
and lied deep in the neck, along the
vertebral artery due to its aberrant course.
The brachial and percutaneous accesses in
the first patient would be risky due to
multiple operations, including bypasses,
of the subclavian arteries and the left
common carotid artery, which would not
only make access risky but also make
navigation difficult due to the significantly
altered arterial anatomy. Direct surgical
exposure for a neuroendovascular pro-
cedure would either be unviable or would
carry at least 10% risk of carotid damage19

borne on the reasons stated previously. In
both cases, TP had a well-defined and very
small risk and also predictable conse-
quences. In both cases, once the TP was
performed, aortic and carotid access was
straightforward.
After TSA is secured, going through the

mitral and aortic valves in the direction of
the blood flow is technically easy with
negligible risk. Performed for the first
time in 1988 to treat aortic coarctation in
an infant,17 aortic access after septal
puncture has been performed for a
variety of treatments. Carotid stenting via
this route was reported more than 20
years ago20 and has been occasionally
used in cases with supra-aortic tortuos-
ity21 without any permanent adverse events
related to such access being reported so
far.
Transvenous/TSA for cerebral aneurysm

treatment has not been previously re-
ported. Our cases were performed safely
and relatively easily by a team of experi-
enced neuroendovascular specialists and
cardiologists. Yet, there are potential
complications: reversible arrhythmia (car-
diac stimulation by the guiding catheter)
and damage to the mitral valve is possible
in aortic access after TSA.17 These are
unlikely to occur with the small-bore soft
distal access catheters we use in aneurysm
treatment. Another drawback is the kick-
back of the transseptal sheath, and this is
why we suggest that the whole procedure
should be performed together with cardi-
ologists experienced in cardiac
s://doi.org/10.1016/j.wneu.2018.12.207
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interventions. Other drawbacks we came
across were related to the “intracardiac
loop” of the distal access catheter, as
noted in Figures 1B and 2D. This loop gets
larger as the resistance to microcatheter
navigation increases at the level of the
carotid siphon. Longer distal access
catheters also are needed because some
of the length of the access catheter is
used up by this loop. Despite these
drawbacks, we have shown that
transvenous treatment of cerebral arterial
aneurysms via TSA appears to be feasible
in those rare cases in which arterial
access is risky or not possible.
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Supplementary Figure 1. (A) An elongated styloid process is seen
on the maximum intensity projection images obtained from the
computed tomography angiogram, of note is the “notch” on the
styloid process adjacent to the dissecting aneurysm. (B)
Contrast-enhanced magnetic resonance angiography of the

head and neck demonstrates the small size of the right common
carotid artery and its deep trajectory in the neck. (C) The origins
of both common carotid arteries, immediately adjacent to the
aortic valve noted on the aortogram obtained with a high frame
rate.

Supplementary Figure 2. Angiogram obtained through the Navien catheter after
transseptal navigation into the arterial side reveals that the origin of the right
common carotid artery is at a straight trajectory when transcardiac navigation
is used.
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Supplementary Figure 3. (A) Angiogram obtained through the distal access catheter reveals the internal
carotid aneurysm. (B) The aneurysm is bypassed with a microcatheter and Derivo device (Acandis) is
being deployed. (C) A control angiogram at 3 months shows reduced contrast filling in the aneurysm
and patency of the carotid artery without significant neointimal hyperplasia.
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