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Transitioning to Transradial Access for Cerebral Aneurysm
Embolization

C. Chivot, ““'R. Bouzerar, and ““'T. Yzet

ABSTRACT

BACKGROUND AND PURPOSE: Despite several retrospective studies showing the safety and efficacy of transradial access for cere-
bral angiography, neurointerventionalists are apprehensive about implementing TRA for neurointerventions. This reluctance is
mainly due to anatomic factors, technical factors, and a long learning curve (relative to transfemoral access). We present here our
experience of TRA transition for cerebral aneurysm embolization. Our aim was to demonstrate the feasibility and safety of radial
access for consecutive embolizations of ruptured and unruptured cerebral aneurysms.

MATERIALS AND METHODS: We performed a retrospective review of a prospective data base on cerebral aneurysm embolizations.
Between April and December 2018, radial access was considered for all consecutive patients referred to our institution for cerebral
aneurysm embolization. Technical success was defined as radial access with insertion of the sheath and completion of the interven-
tion without a crossover to conventional femoral access. The primary safety end point was the in-hospital plus 30-day incidence
of radial artery occlusion. Secondary end points included intraoperative complications and neurologic complications at discharge
and in the following 30 days.

RESULTS: Seventy-one patients with a cerebral aneurysm underwent 73 embolization procedures at our institution. The first-choice
access route was the radial artery in 62 patients (87.3%) and the femoral artery in 9 (12.6%). Thirty-four embolizations were per-
formed using coils, 22 used a balloon-assisted coil technique, 6 used a stent-assisted coil technique, and 2 used a flow diverter.
Crossover to femoral access was observed in 2 patients (3.1%). Four patients developed coil-induced thrombi requiring intra-arterial
tirofiban injections. In 1 case, an aneurysm ruptured during the operation but did not have a clinical impact. No cases of radial ar-
tery occlusion or hand ischemia were observed.

CONCLUSIONS: A transition to radial access for cerebral aneurysm embolization is feasible and does not increase the level of risk

associated with the procedure.

ABBREVIATIONS: POD = postoperative day; TFA = transfemoral access; TRA = transradial access

ransradial access (TRA) for transcatheter coronarography

has been performed for >25years, and several studies have
found that it is safer than transfemoral access (TFA).'™ The
European Society of Cardiology recommends TRA as the first-
line approach for coronary diagnosis and therapy because this
method is associated with a lower hemorrhage risk, a shorter
length of hospital stay, a shorter period of immobilization, lower
costs, and greater levels of patient satisfaction.” Despite these
clear benefits, TRA is underused in neuroradiology; surgeons
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tend to reserve it for posterior fossa aneurysm embolization or af-
ter TFA has failed. This reluctance is mainly due to anatomic fac-
tors, technical factors, and a long learning curve (relative to
TFA). A small radial artery diameter is an anatomic factor of
major concern, puncture is considered more difficult than in
TFA, and a small diameter prevents the use of large catheters
required for interventions (eg, flow diverters). With regard to
technical factors, the lack of dedicated equipment for TRA is a
major issue because the catheter transition zones are adjusted for
TFA; therefore, stability may be a problem during TRA. The liter-
ature data show that in cardiology, a 50-case learning curve is
required to decrease the complications and crossover rates."

It is likely that the learning curve in neuroradiology would be
the same, though the number of patients treated is obviously
lower than in cardiology. Consequently, the longer time needed
to gain sufficient experience might explain the surgeons’
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reluctance to use TRA. Nevertheless, TRA has true value in
neuroradiology because a growing proportion of stent place-
ments require dual-antiplatelet therapy, increasing the risk of
hemorrhagic complications at the puncture site. The proportion
of patients with obesity is also increasing, and TRA is easier and
safer than TFA in this population.’ Last, the most important
benefit of using TRA is greater comfort for the patient.

In view of the many reported advantages of TRA (notably
with regard to feasibility and safety in diagnostic cerebral angiog-
raphy'*"?), our institution began transitioning all its diagnostic
cerebral angiography examinations to TRA. Next, after a few
months of practice, we decided to use TRA for all cerebral embo-
lization procedures. Two recent cohort studies'>" found that
TRA was safe for the embolization of unruptured cerebral aneur-
ysms, though the patients were probably selected and not consec-
utive. The objective of the present study was thus to determine
the feasibility and safety of a transition to TRA for consecutive
embolizations of ruptured or unruptured cerebral aneurysms.

MATERIALS AND METHODS

We reviewed our prospective data base on cerebral aneurysm
embolizations performed between April and December 2018.
During this period, TRA was considered for all consecutive
patients addressed for cerebral aneurysm embolization at our
institution. This retrospective, single-center study was approved
by the institutional review board. The board waived the need for
informed consent.

The Endovascular Procedure

All embolizations were performed with the patient under general
anesthesia by the same surgeon (C.C.) with 5 years of experience
in TFA cerebral embolization. Before puncture, a Barbeau test
was performed to check the patency of the superficial palmar
arch. Radial access was suitable only for patients with Barbeau A—
C waveforms.

The patient’s arm was positioned on a swivel-arm board at his
or her side. Access to the radial artery was obtained using an an-
terior or counter-puncture technique at the start of our series and
using sonographic guidance for the last 20 patients. Once the 6F
radial sheath had been placed, we injected a medication cocktail
(2.5mg of verapamil and 250pg of nitroglycerine) directly
through it. Intravenous heparin (50 U/kg) was administered to
maintain an activated clotting time between 250 and 350 seconds.

A 6F sheath was placed in the right (preferably) radial artery,
and supra-aortic vessels were catheterized by advancing a 6F
Envoy catheter (Codman & Shurtleff, Raynham, Massachusetts)
or a Benchmark catheter (Penumbra, Almeda, California) over a
130-cm 5F Simmons 2-shaped catheter (Penumbra for anterior
circulation, or over a 125-cm 5F Berenstein diagnostic catheter
[Penumbra]) for the posterior circulation, as described previously
by Snelling et al.'*

For flow-diverter placement (Pipeline Flex; Covidien, Irvine,
California), a 0.088-inch-internal-diameter guide catheter was
inserted sheathlessly with an intermediate catheter (Sofia;
MicroVention, Tustin, California) after ensuring that the diame-
ter of the radial artery was >2.5mm. When the diameter was
<2.5mm, TFA was preferred.
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For remodeling techniques, a dual-lumen balloon catheter
(Scepter C or XC; MicroVention) and a microcatheter (Excelsior
SL 10; Stryker, Kalamazoo, Michigan) were placed in the same
guide catheter (Envoy; DePuy Synthes, Warsaw, Indiana; or
Benchmark), and coils were deployed through the microcatheter
using standard techniques.

Stents (Neuroform Atlas, Stryker; or LEO Baby stent, Balt
Extrusion, Montmorency, France) were placed through the
microcatheter (Excelsior SL 10) using standard techniques.

Outcome

Technical success was defined as TRA with insertion of the
sheath and completion of the cerebral aneurysm procedure with-
out crossover to conventional TFA.

The safety end point was the in-hospital plus 30-day incidence
of radial artery occlusion. This was evaluated 24 hours after the
procedure, at discharge, and on postoperative day (POD) 30. The
secondary end points included the in-hospital incidence of access
site hematoma, pseudoaneurysm, arteriovenous fistula, infection,
or neurologic complications requiring an operation, together
with a composite of these. At each follow-up visit, the access site
was inspected. The secondary end points also included cerebral
thromboembolic and hemorrhagic complications and vessel
injury. Patients underwent a physical examination by a neurolo-
gist 24 hours after the procedure, at discharge, and on POD 30.

RESULTS

Between April and December 2018, seventy-one patients with
cerebral aneurysms underwent 73 embolization procedures (all
performed by the same operator) at our institution. The first-
choice access route was the radial artery in 62 patients (87.3%)
and the femoral artery in 9 (12.6%). The study populations’ base-
line clinical and radiologic characteristics are summarized in
Table 1. In the subset of 62 patients treated with TRA, 33 were
treated on an emergency basis for a ruptured aneurysm, and 29
underwent scheduled embolization for an unruptured aneurysm.
Two patients had a second embolization after recanalization: One
procedure was performed with coils, and the other, with flow
diverters.

Intervention Site

Of the 64 embolization procedures with TRA performed in the
62 cases, 56 and 8 (87.5% and 12.5%) involved the anterior and
posterior circulations, respectively. The left internal carotid artery
was used in 33 cases (51.5%), followed by the right ICA in 23
(35.9%), the left vertebral artery in 7 (10.9%), and the right verte-
bral artery in 1 (1.5%). The right and left radial arteries were used
in 52 and 12 cases, respectively (Fig 1). The left radial artery was
chosen in 7 cases to catheterize a dominant left vertebral artery,
in 3 cases because a right arterial line was already in place (Fig 2),
and in 2 cases because the right radial artery was occluded (due
to several radial coronarographies).

Interventions Performed

Thirty-four embolizations were performed using coils, 22 used a
balloon-assisted coiling technique, 6 used a stent-assisted coiling
technique, and 2 used a flow diverter (Table 2). Eight patients



required =2 TRAs: 2 for intra-arterial injection of milrinone, 2
for a second embolization, and 4 for diagnostic cerebral angiogra-
phy before embolization. The mean dose-area product was
75.7 Gy X cm?, which is equivalent to the mean value obtained

Table 1: Demographic and baseline clinical characteristics of
the study population

Ruptured Unruptured
(n=33) (n=29)
Age (mean) (range) (yr) 52.6 (31-79) 54.5 (37-77)
Female 16 16
BMI (mean) 274 27.5
Arterial hypertension 17 (51.5%) 18 (62%)
Current smoking 22 (66.6%) 17 (58.6%)
Diabetes mellitus 2 (6%) 3 (10.3%)
Alcohol abuse 6 (18.1%) 2 (6.8%)
Dyslipidemia 5 (15.5%) 9 (31%)
Family history of aneurysm 2 (6%) 2 (6.8%)
Antithrombotic medications 2 (6%) 12 (41.3%)
WENS score
[ 13 (39.3%)
[ 10 (30.3%)
1 1(3%)
\Y 3(9%)
v 6 (181%)
Fisher scale
1 1(3%)
2 2 (6%)
3 13 (39.3%)
4 16 (48.4%)
Hydrocephalus 10 (30.3%)
Aneurysm site
AcomA 17 (51.5%) 13 (44.8%)
PcomA 2 (6%) 4 (13.7%)
Paraclinoid 2 (6%) 3(10.3%)
PICA 1(3%) 1(3.4%)
Tip of the basilar artery 1(3%) 5(17.2%)
Terminus of the carotid 0 (0%) 1(3.4%)
artery
Pericallosal artery 2 (6%) 0 (0%)
Middle cerebral artery 8 (24.2%) 2 (6.8%)
bifurcation
Aneurysm length (mean) 7 (25-12) 7.4 (4-28)

(range) (mm)

Note:—BMI indicates body mass index; WFNS, World Federation of Neurologic
Societies; AcomA, anterior communicating artery; PcomA, posterior communicat-
ing artery.

with TFA in our center during the previous year (75.6 Gy x
2
cm”).

Feasibility
Two (3.1%) attempted TRA procedures required crossover to
TFA. The reasons for failure included the detection of a right axil-
lary artery occlusion during the procedure and an acute angle
between the origin of the left common carotid artery and the left
subclavian artery. In the latter patient, left radial access was used
because a right artery line had been placed by the anesthesiologist.
For 9 patients, TRA was not initially attempted during the
embolization procedure: One of these patients did not show a
pulse after 2 minutes of radial artery compression (Barbeau type
D), 1 patient had a right dialysis fistula, and 2 patients had right
arterial lines placed by the anesthesiologist after several attempts
to puncture the left radial artery had failed. Femoral access was
also used for flow-diverter placement in 3 subjects. In 2 cases, this
was due to a small radial artery (diameter, <2.5 mm). In the other
case, this was due to the discovery of an aberrant origin of the
right subclavian artery (arteria lusoria) during diagnostic cerebral
angiography with radial access a few months before embolization.
Last, femoral access was chosen in 2 other cases because of the
occurrence of a radial artery spasm during diagnostic cerebral an-
giography with a 4F sheath performed a few months before
embolization.

Safety
No cases of radial artery occlusion, hand ischemia, or other
sequelae were observed at the puncture site. In 1 patient,
however, persistent arterial bleeding at the puncture site was
observed whenever the TR Band compression device was
deflated (Terumo, Tokyo, Japan); hence, the device was left
partially inflated for 24 hours. No radial artery occlusion was
noted during follow-up. With regard to intraoperative com-
plications, 4 patients developed coil-induced thrombi requir-
ing an intra-arterial tirofiban injection. There were no
neurologic sequelae after resolution of the thrombi. In 1 case,
an aneurysm ruptured in a patient referred for embolization
of a ruptured anterior communicating artery, but it did not
have a clinical effect.

Five of the 33 patients with a ruptured aneurysm died (World
Federation of Neurologic Societies score, 5) a few days or weeks

FIG 1. A middle-aged patient presenting with a ruptured bilobed aneurysm of the anterior communicating artery (measuring 6.8 x 4.8 mm),
treated using balloon-assisted coiling via TRA. A, The right ICA was catheterized with a guide catheter via right TRA. B, An angiogram of the right
ICA highlights the anterior communicating artery aneurysm. C, An angiogram of the right ICA, with a dual-lumen balloon and microcatheter in
place. D, An angiogram of the right ICA shows the total occlusion of the aneurysm.
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FIG 2. A middle-aged patient presenting with a ruptured aneurysm of the anterior communicating artery (measuring 7 x 4 mm), treated using
coiling via left TRA. A, The right common carotid artery was catheterized using a Simmons shaped catheter via left TRA; then, a guiding catheter
(B) was advanced over it. C, An angiogram of the right ICA highlights the irregular aneurysm of the anterior communicating artery. D, An angio-

gram of the right ICA shows the total occlusion of the aneurysm.

Table 2: Characteristics of the procedures

Some case reports and cohort studies'>'*"'® have

Ruptured (n=33)

Unruptured (n=31)

demonstrated the feasibility of transradial cerebral

TRA side aneurysm embolization in selected cases, rather
Right 26 (78.7%) 26 (83.8%) than for consecutive patients. Goland et al'®
Left 7 (21.2%) 5 (16.1%) o

. reported 40 complication-free cerebral aneurysm

Aneurysm side o e )

Right 16 (48.4%) 15 (48.4%) embolizations with right TRA. Thirty-three aneur-
Left 17 (51.5%) 16 (51.6%) ysms were ruptured and 7 were unruptured, 35
Crossover 2 (3.1%) 0 (0%) were treated with coils, and 5 were treated with a

Embolization technique flow diverter. Snelling et al'* reported 33 cases of
Coiling 21(63.6%) 13 (41.9%) TRA £ A bolizations (
Balloon-assisted technique 12 (36.4%) 10 (32.2%) Or unruptured aneurysm empbolizations (per-
Stent-assisted technique 0 (0%) 6 (19.3%) formed with balloon-assisted coiling in 3 cases,
Flow diverter 0 (0%) 2 (6.4%) coiling in 12 cases, a flow diverter in 11 cases, stent-

Intraoperative thromboembolic 2 (6%) 2 (6.4%) assisted coiling in 6 cases, and vessel sacrifice in 1

Compl'cf’t'ons case). There were 5 crossovers: 2 due to radial ar-

Intraoperative rupture 1(3%) 0 (0%)

after the embolization procedure due to progression of the initial
hemorrhage. Eight patients (including 2 patients with TRA)
received an intra-arterial milrinone injection for cerebral vaso-
spasm. One patient underwent 3 TRA procedures for intracranial
milrinone injection. On POD 30, three patients had an mRS score
of 3 and 25 patients had an mRS score of <2. In all embolized
patients with an unruptured aneurysm (n =29), the mRS was the
same at discharge and on POD 30.

DISCUSSION

A large number of comparative, randomized trials in the field of
cardiology have shown that morbidity and mortality rates are sig-
nificantly lower for TRA than for TFA.'” Recently, several groups
have transitioned from TFA to TRA for diagnostic cerebral angiog-
raphy, with good surgical results and a patient preference for radial
access.'> Despite these encouraging results, most neurointerven-
tionists consider TRA appropriate only for interventions within
the posterior circulation and in cases of TFA failure. However, the
safety profile of TRA is a strong argument for the transition
because heparin is administered during all neurointervention pro-
cedures, and stent-assisted coiling or flow-diverter procedures
requiring dual-antiplatelet therapy are increasingly frequent.
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tery spasms, 2 due to tortuosity of the left common
carotid artery, and 1 due to tortuosity of the subcla-
vian artery. With regard to neurologic complica-
tions, 1 patient developed an in-stent thrombus
postoperatively; this was treated with intra-arterial thrombol-
ysis with no permanent sequelae.

Neither Goland et al'® nor Snelling et al'* (Table 3) reported
symptomatic radial artery occlusions, though the frequency of
asymptomatic radial artery occlusion—a very important factor
in complete transitions to TRA—was not specified. Indeed, the
patency of the radial artery is crucial for follow-up or further
embolization. At POD 30, we did not observe any radial artery
occlusion, even in the 8 patients having undergone =2 TRA
procedures. In the cardiology literature, the estimated fre-
quency of radial artery occlusion is 5%.'” This complication is
caused by the absence of intraoperative unfractionated hepa-
rin, a procedure lasting for 3 hours, a radial inner diameter/
sheath outer diameter ratio of <1.0, and the use of conven-
tional hemostasis techniques rather than patent hemostasis
techniques.'”2°

Furthermore, the complication rates observed during our
transition phase did not differ from those reported in the liter-
ature. With regard to thrombus formation, we observed 2 cases
in the ruptured aneurysm group and 2 cases in the unruptured
group. All 4 were resolved by tirofiban treatment, and there
were no subsequent neurologic symptoms. In the literature
on TFA, the rates of thromboembolic complications and



Table 3: Main series of TRA for intracranial aneurysm treatment

Snelling et al* Chen et al® Goland et al*® Chivot et al
n 33 49 40 64
Type of treatment
Flow diverter 1 49 5 2
Coils 12 0 35 34
Balloon-assisted coiling 3 0 0 22
Stent-assisted coiling 6 0 0 6
Vessel sacrifice 1 0 0 0
Permanent neurologic complications 0 0 0 0
Crossover 15.1% (5/33) 20.40% (10/49) 0 3.1% (2/64)
Failure reasons
Radial artery spasm 2 2 0 0
LICA tortuosity 0 4 0 0
LCCA origin angle 2 4 0 1
Subclavian tortuosity 1 0 0 0
Subclavian occlusion 0 0 0 1

Note:—LICA indicates left internal carotid artery; LCCA, left common carotid artery.

intraoperative rupture associated with coiling for unrup-
tured aneurysms were 7.3% and 2.0%, respectively.”’ For
ruptured aneurysms, the rates of thromboembolic complica-
tions and intraoperative rupture were higher: 13.3% and
3.7%, respectively.”!

Nonetheless, the transition to TRA requires some adjust-
ments. First, the anesthesia team must be asked not to touch the
right radial wrist for patients admitted for ruptured aneurysm.
Right TRA is more suitable for cerebral embolization when the
aneurysm is located on the left because the angle between the left
subclavian and left common arteries is often more acute than the
angle between the innominate and left arteries. At the start of our
transition, we did not use the left radial artery. However, after
having gained experience, we are comfortable using the left radial
artery, primarily if the aneurysm is located on the right side. The
left side is also very useful for posterior circulation aneurysms
because the left radial artery allows direct access to the often-
dominant left vertebral artery. The drawback associated with con-
ventional left-sided access is the arm position when working on
the right side of the patient. Indeed, during conventional radial
access, it is difficult to maintain the arm in the supine position on
the abdomen during general anesthesia because the limb tends
to rotate downward. Fortunately, this problem can be solved by
dorsal radial (snuffbox) access because the hand then rests in its
natural position, with the palm facing the hip. The second
adjustment consists of asking the intensive care team to reduce
potential trauma by limiting the number of right radial artery
punctures for blood gas analysis and preferring the left side.

At present, the flow-diverter procedure is the main challenge
in TRA for cerebral embolization. Given the stiffness of the flow
diverter, an additional proximal support is required for deploy-
ment, and a long sheath with an intermediate catheter is often
essential. The long sheaths typically used in neuroradiology (such
as the Neuron Max, Penumbra; and the Axs Infinity, Stryker)
have an outer diameter of 2.7 mm, which limits their use for
TRA. Furthermore, the diameter of the radial artery appears to
vary significantly with sex, body mass index, and ethnicity.””
Velasco et al*’ evaluated the right radial artery in 100 young adult
volunteers from Texas (40 men, 60 women; mean age, 35 years;
mean body mass index, 27 kg/m?). These researchers reported

that the mean vessel diameter was 2.22 * 0.35mm, which is
smaller than the measurements reported in populations in China
(2.38 * 0.56 mm),** Singapore (2.45 * 0.45 mm),” and South
Korea (2.60 * 0.41 mm).%° Velasco et al also found that 42% of
patients had an arterial diameter greater than that of a 5F arterial
sheath (2.28 mm), 20% had a diameter greater than that of a 6F
sheath (2.62mm), and only 5% had a radial artery diameter
greater than that of a 7F sheath (2.95 mm). Saito et al?” noted that
the radial artery was large enough for a 6F sheath in only 72.6%
of female Asian patients and 85.7% of male Asian patients. The
researchers also observed that for a 7F sheath, the radial inner di-
ameter/sheath outer diameter ratio was >1 for 71.5% of male
patients and 40.3% of female patients. For an 8F sheath, these
proportions were, respectively, 44.9% and 24.0%. Last, a ratio of
<1 was associated with an increased frequency of radial artery
occlusion. Considering the female predominance in cerebral an-
eurysm populations and the smaller radial artery diameter
observed in Western populations and females, the 088 Triaxial
system would probably not be the preferred system for flow di-
verter procedures.

Indeed, Chen et al*® reported that a transradial flow-diverter
procedure was feasible in the absence of an 088 Triaxial sys-
tem. In 15 of 49 cases (31%), the researchers used a quadriaxial
071- or 072-inch system (with 5 failures, 33.3%), and in 9 cases
(18%), they used a biaxial intermediate catheter without a
guiding catheter or sheath. The 088 Triaxial system was used
in only 15 of the 49 cases (31%), and there were 3 failures
(20%). The crossover rate in the study of Chen et al was 20.4%;
the crossovers were prompted by an acute left common carotid
artery angle in 4 patients, tortuosity of the left common carotid
artery and the ICA in 5 patients, and a severe radial artery
spasm in 2 patients. The crossover rate for the flow-diverter
procedure currently reported in the literature is too high to
generalize TRA for this purpose, but we think that for selective
cases, a flow diverter is an option with a low rate of crossover.
In our opinion, TRA can be the first-choice technique if we
need to set up a flow diverter in the posterior circulation or at
the level of the left carotid artery in case of a bovine arch config-
uration. For all other cases, the choice will depend on the diffi-
culties encountered during the TRA diagnostic angiography.
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Indeed, a few weeks before the flow-diverter procedure, we sys-
tematically check the radial artery diameter to determine which
device to use and we perform a TRA diagnostic angiography to
assess the operational feasibility.

In our series, we selected patients according their radial artery
diameter and now prefer the 088 Triaxial System. We believe that
failure rates for flow-diverter procedures will decrease with the
introduction of softer, more easily navigable stents, along with ra-
dial-specific access systems.

Other potential drawbacks of TRA are related to the cathe-
ter length and the degree of radiation exposure. An insuffi-
ciently long catheter may be a real issue in very tall patients,
patients with tortuosities, and cases of distal TRA where the
puncture site is located 3 or 4cm below the usual puncture
site. Fortunately, the use of a 125-cm intermediate catheter
and a microcatheter (such as the 167-cm Headway Duo;
MicroVention) may solve this issue.”® According to the cardi-
ology literature, TRA is associated with greater radiation expo-
sure (relative to TFA) in both diagnostic and interventional
coronarography, though the difference falls with time and
practice.**® In the present series, the mean dose-area product
was below the reference level®' and was equivalent to the dose
recorded using TFA in the preceding years. To minimize opera-
tor radiation exposure, one must position the right arm alongside
the right leg (rather than abducted from the leg) so that the upper
shield can be placed in the position used for TFA.*?

Limitations

Our study had several limitations, most of which were related to
the retrospective design and the small sample size. This was a sin-
gle-center study with 1 operator. Therefore, potential major dif-
ferences in operator training might mean that it is not be possible
to generalize our results to other catheterization centers.
However, the operator here had limited prior experience in TRA
(31 diagnostic cerebral angiographies), and the complication rate
during the transition phase was low. Accordingly (and as
reported in the cardiology literature®), we consider that a learn-
ing curve with 30 diagnostic cerebral angiography procedures is
required to become familiar with radial access and the associated
difficulties before cerebral embolization can be safely performed.

CONCLUSIONS

Our results showed that a transition to TRA for cerebral aneu-
rysm embolization is feasible and does not increase the level of
risk associated with the procedure. We were able to treat 87.3%
of our patients via the TRA, with an acceptable overall rate of
adverse events and a low rate of complications related to the
access.
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