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Feasibility of the Transradial or the Transbrachial
Approach in Various
Neurointerventional Procedures

Dong Geun Lee, MD"? Deok Hee Lee, MD, PhD', Jae Ho Shim, MD'*, Dae Chul Suh, MD, PhD'

Purpose: The generally preferred vascular access for neurointerventional procedures is the transfemoral
approach (TFA). In complicated cases such as patients with aortic diseases or tortuous vessels, tran-
sradial or transbrachial approaches (TRA or TBA) could be good alternatives. The purpose of this
study is to review a single medical center experience using the alternative accesses.

Materials and Methods: \We reviewed the medical records of 30 TRA and 10 TBA cases among 2,073 cases
treated between January 2010 and July 2013. We reviewed and analyzed the frequency of TRA and
TBA, the reason the operator had chosen the TRA or TBA, the category of the procedure, caliber of
the sheath, the success rate, and the complications rates.

Results: The most common reason the non-TFA route was chosen was due to the patient’s tortuous vas-
cular system (n=24, 60%). The most common category of intervention was balloon angioplasty
and/or stent placement (n=18, 45%). The largest caliber of the introducing sheath was 6 Fr in TRA
and 7 Fr in TBA. Procedural success was achieved in 37 cases (success rate: 92.5%), and in three cases
it failed. Six patients with complications were reported. Among them, four cases of minor complica-
tions (10%) occurred. There was no serious complication directly related to the access problem.

Conclusion: Both TRA and TBA can be good alternative access routes when TFA is not appropriate in var-
ious neurointervential procedures.

Key Words : Therapeutic/methods; Endovascular technique; Transradial approach; Transbrachial
approach; Transfemoral approach
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The transfemoral approach (TFA) has been the
standard route both for angiography and interventional
procedures. However, we occasionally encountered
situations in which the conventional TFA was not
suitable for various reasons. In these situations, other
routes such as the transradial approach (TRA) or the
transbrachial approach (TBA) could be chosen.

In some medical centers, they prefer the TRA,
especially for diagnostic angiography [1, 2]. Because
the TRA has been associated with a lower incidence of
major access-site-related complications compared with
the TFA [3, 4]. A recent study showed an incidence of
major access site vascular complications of 0.6% with
the TRA versus 3.7% with the TFA [5]. As the radial
artery is easily compressible, hemorrhagic complica-
tions are significantly reduced. Moreover, no major
nerves or veins are located near the radial artery, thus
minimizing the risk of injury to these structures. And
post-procedural bed rest is not required, thus permitting
immediate ambulation, more patient comfort, and early
discharge, which may shorten the hospital stay and
reduce healthcare costs [6, 7].

Despite its large number of benefits, the TRA
requires a longer learning curve for the operator [8, 9].
Moreover, it is not always feasible, as some patients
may have an anomalous palmar arch that does not
provide sufficient blood supply to the hand in cases of
thrombotic, spastic or traumatic occlusion of the radial
artery.

The purpose of this study is to review our clinical
experience with the TRA and the TBA for various
neurointerventional procedures.

MATERIALS AND METHODS

Patient Population

For various neurointerventional procedures
performed in our institution, the primary vascular
access site has been the femoral artery. Other alterna-
tive methods, such as the TRA or the TBA, have been
adjunctive approaches for patients in whom the conven-
tional TFA would have seemed difficult after reviewing
the CT or MR angiographic findings or when prior
diagnostic TFA angiography was difficult to perform.
In that situation, the TRA has been the primary route.
The TBA was chosen only when large-bore access was
required. The right arm approach was done in every
case except for the intentional left TRA used for the
bidirectional approach to a left proximal subclavian
artery occlusion [10].

After reviewing our neurointerventional database, we
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could extract 30 TRA and 10 TBA cases among 2073
neurovascular interventional cases treated between
January 2010 and July 2013. This retrospective study
was approved by our local institutional review board
and the individual patient’s consent was waived.

Procedure

Neurointerventional procedures were performed
using biplane digital subtraction angiography suite
(Axiom Artis, Siemens, Erlangen, Germany or Artis
Zee, Siemens, Erlangen, Germany) in a supine patient
position. Before the procedure, the Allen test was
performed as previously described [11]. We counted
the color returning time after releasing the ulnar artery
compression. We considered the palmar arch collateral
as insufficient when the returning time was longer than
five seconds, and in that situation we did not perform
the TRA. An alternative portal approach, such as the
brachial or femoral artery, was then considered. The
results of this test demonstrated adequate collateral
blood flow in all 40 patients.

For the TRA, the patient’s right arm was placed in a
supine position with extension of the wrist over a
dedicated arm rest. By palpation of the radial artery
pulsation near the radial process, we could identify the
strongest pulsating point where we could achieve local
anesthesia infiltration by subcutaneous injection of a
small aliquot (1-2 ml) of 2% lidocaine, thus creating a
small, cutaneous bulge. The radial artery was
punctured using a 21-gauge micropuncture system
(Cook, Bloomington, IN, USA) or a 20-gauge, Teflon-
sheathed needle (Terumo, Tokyo, Japan). A 5- or 6-
french (Fr) vascular sheath (Terumo or Cook) was then
introduced. To prevent vasospasm of the artery, a
diluted solution of nitrate (nitroglycerine 150-250
microgram) and/or calcium-channel blocker (verapamil
150-250 mg) was injected intra-arterially through the
sheath which was then continuously flushed with
pressurized, heparinized saline during the procedure. A
5 Fr or 6 Fr guiding catheter was placed in the vessel of
interest through the brachial-axillary-subclavian artery
route.

For patients in whom the TRA was impossible or a
larger-bore catheter was required, the TBA was done
with the same arm positioning as that of the TRA. By
palpating the maximal pulsating point above the elbow,
we could identify the optimal puncture site of the
brachial artery. For the initial puncture of the artery, a
21-gauge, micropuncture system or a 20-gauge, Teflon-
sheathed needle was used. We could introduce up to a 7
Fr introducing sheath in cases of the TBA and a 6 Fr in
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cases of the TRA. Most of the non-TFA, carotid
revascularization procedures were done with the TBA
as it required a larger-bore system for the delivery of
the stent system.

After the introducing sheath was introduced, a
guiding catheter over a4 F or 5 F Simmons catheter
(Cook or Jungsung Medical, Sungnam, Korea) was
introduced over a hydrophilic guide wire (Terumo)
using a coaxial technique. We primarily used Simmons
type 2 catheters. Type 3 catheters were also useful for
patients with a large body habitus. We could select the
right vertebral artery with the guide wire directly. We
could select between the right common carotid artery
and the left verterbral artery, as previously described
[1]. In cases of left subclavian stent insertion, we used
the left TRA.

After completion of the procedure, we attempted
local hemostasis simply by using a pressure bandage
with four, elastic sticky straps with a subsequent 5-10-
min manual compression at the puncture site. Patients
were not allowed to use the punctured arm for two
hours after the procedure. The bandage was removed
six hours after the procedure.

Analysis

We summarized the demographic data of the non-
TFA patients. We reviewed the reason why the operator
had chosen the TRA or the TBA rather than the
conventional TFA together with the category of the
procedure and the vessel of interest. Basic, procedure-

i

related facts were also reviewed. Procedural success
and its rate were analyzed. We regarded a procedure
successful when all of the neurointerventional
procedures were done as intended and without
changing the access site. The caliber of the introducing
sheath and the guiding catheter were recorded. The
procedure duration, defined as the time interval from
the arterial puncture to completion of the angiography,
was also recorded. Procedural and local access-related
complications and their rates were analyzed.

RESULTS

A total of 40 patients were included in our review.
Among them, half were male. The age ranged from 20
to 81 years, with a median age of 67 years (IQR 60.8-
70.3). Pre-procedural variables are summarized in
Table 1. Thirty procedures were done with the TRA
and 10 procedures with the TBA. Because of the need
for the rendezvous approach [10], we simultaneously
performed the TRA or the TBA with the TFA from the
beginning of the procedure in four patients (2
TRA+TFA, 2 TBA+TFA).

The most common reason the operator chose the
TRA or the TBA rather than the TFA was the tortuosity
of the accessing arteries (n=23, 57.5%) (Fig. 1) as well
as various other reasons (Table 1). In 11 cases, the TFA
was tried first but switched to the TRA (n=8) or the
TBA (n=3) because of the instability of the guiding
catheter positioning or inappropriate support from the

Fig. 1. A 73-year-old man with stenosis of the right, vertebral artery ostium.
A. The right, vertebral artery angiogram reveals severe stenosis of the right vertebral artery ostium.
B. Using a transradial approach, we could perform balloon angioplasty and stent deployment. It took 18 minutes from the puncture to the

final angiography.

76

Neurointervention 10, September 2015



Dong Geun Lee, et al.

guiding catheter due to the tortuous vascular system.

In two cases which were originally planned for a
TRA procedure, we had no choice but to switch to the
TBA because of the positive Allen test. There was no
case in which we switched from the TRA or the TBA to
the TFA.

The most common category of intervention was
balloon angioplasty and/or stent placement (n=18,
45%). Other categories of intervention are listed in
Table 1. The most common vessel of interest was the
basilar artery (n=10, 25%) followed by the right
vertebral artery (n=6, 15%) (Fig. 2).

Procedural success was achieved in 37 cases (success
rate: 92.5%). Causes of failure were failure of
microcatheter passage through the occluded target
segment during the intracranial stenting procedure
(n=2) and failure of microcatheter delivery into the
very tortuous cortical branch of the posterior cerebral
artery during the mycotic aneurysm embolization
procedure (Fig. 3). Details of the failed cases are
described in Table 2.

In the TRA, the most frequently used caliber of the
introducing sheath was 5 Fr (n=22, 73%), and the
largest caliber of the introducing sheath was 6 Fr. In the
TBA, the most frequently used caliber of the introduc-
ing sheath was 6 Fr (n=4, 40%), and the largest caliber
of the introducing sheath was 7 Fr.

The median procedure time was 86 minutes (IQR 61~
112 min). The maximum procedure time was 226
minutes during the embolization of the thoracic

Fig. 3. A 62-year-old woman with a mycotic aneurysm of the right
posterior cerebral artery. The microcatheter (arrow head) could
not navigate into the mycotic aneurysm (black arrow) because of
the very acute angulation (white arrow) of the posterior cerebral
artery.

Fig. 2. Vessels of interest.

ACA, Anterior cerebral artery; PCA,
posterior cerebral artery; MCA, middle
cerebral artery; BA, basilar artery; VA,
vertebral artery; ICA, internal cerebral
artery; ECA, external cerebral artery

Leftside

Right side

ACA 2(5%) ACA
PCA 2(5%) PCA
MCA 4(10%) T
BA 10 (25%)
VA 6(15%)

VA
Ica 3(7.5%)

IcA
ECA 1(2.5%)

ECA
Subclavian artery 2 (5%)

Innominate artery 3 (7.5%)

Subclavian artery

Thoracic segmental artery 2 (5%)

1(25%)

0

0

3(7.5%)
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vertebral body tumor. The minimum procedure time
was 18 minutes during stent insertion in the right
vertebral artery ostium stenosis (Fig. 4).

There were four cases of access-related complica-
tions. All of them were minor, i.e. puncture site pain in
two TRA cases and puncture site hematoma in two
TBA cases, and self-limited without any clinical
sequelae. There was a case of procedure-related
complication of thromboembolism and a case of
mortality due to septic shock which was not directly
related to the interventional procedure.

DISCUSSION

With this clinical experience, we believe that the
TRA and the TBA are good alternative access routes
for various neurointerventional procedures. We
accomplished almost all kinds of interventional
procedures with a high success rate except for cases of
carotid stent insertion. We sent the patient for carotid
endarterectomy when the usual TFA was not suitable.
However, as there are several, low-profile devices
available in the market, we could attempt carotid

Fig. 4. A 74-year-old woman with an unruptured aneurysm of the right anterior cerebral artery

A. The right internal carotid angiogram reveals a 12-mm x 9-mm, saccular aneurysm (black arrow) arising from the A2 segment of the

right anterior cerebral artery.

B. Using a transfemoral approach, we could not secure stable guiding because of the tortuous vascular system.
C, D. Using a transbrachial approach, we could easily select the right internal carotid artery with stable guiding support. The tip of the

guiding catheter (white arrow) is located in the internal cerebral artery.
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stenting if a patient’s condition was not suitable for the
CEA procedure. Therefore, we believe that we can
perform almost all neurointerventional procedures with
these non-TFAs.

Given that in our series the most common reason for
switching from the TFA to the TRA or the TBA was

Table 1. Pre-procedural data (n=40)

Procedure route

TRA 28 (70%)
TRA + TFA 2 (5%)
TBA 8 (20%)
TBA + TFA 2 (5%)

Reason for non-TFA

Tortuous vascular system 23 (57.5%)
Tight stenosis close to aortic arch 4 (10%)
Need of rendezvous approach 4 (10%)
Aortic dissection 3 (7.5%)
Bilateral iliac occlusions 3 (7.5%)
Operator’s preference 2 (5%)
Reversed ostial direction 1(2.5%)
Category of Intervention

Stent placement 18 (45%)
Aneurysm embolization 16 (40%)
Preoperative tumor embolization 3 (7.5%)
Mechanical thrombectomy 2 (5%)
dAVF embolization 1(2.5%)

TRA, transradial approach; TFA, transfemoral approach; TBA,
transbrachial approach; dAVF, dural arteriovenous fistulae

Table 2. Brief Summary of Failed Cases

the unstable guiding catheter support due to the
tortuous vascular system (5 of 11, 45%), we could
achieve stable guiding catheter support using our
alternative approach. As the TRA or the TBA can
bypass the tortuosity of the aorta and the iliac artery,
and the way from the radial artery to the subclavian
artery is of a narrow caliber and is straight, the TRA
and the TBA can offer more stable support for the
guiding catheter.

However, there could be several caveats regarding the
TRA or the TBA. Due to the anatomic configuration of
the right brachiocephalic trunk and the aortic arch, the
approach into the left subclavian artery or left VA could
be difficult. This was why the number of cases in these
target vessels was small. Moreover, due to the smaller
vessel diameter of the radial artery, the size of the
introducer sheaths was smaller. We preferred 5 or 6 F
for the TRA. When a larger-bore catheter was required,
we preferred the TBA [13].

In all cases, we placed a short sheath in the artery and
then placed guiding catheters through this sheath. We
do not recommend the use of long sheaths in the radial
artery system. In particular, the use of “guiding
sheaths,” where the sheath itself is advanced to the
target territory as in transfemoral carotid stent
placement, has not been done in our clinical practice.
Authors have previously applied this technique with
resultant radial artery occlusion [14]. Although with a
small cases series, we have not experienced major
complications of the radial artery, such as radial artery
occlusion or rupture of the radial artery. Some reports
propose that these major complications stem from the
long and large diameter of the introducing catheter
[14]. Therefore, avoiding a large and long catheter
would prevent such major complications.

Sex Age Indication of Approach Reason for TRA Sheath  Guiding Procedure Cause of Complication
intervention catheter time (min.) failure
F 62 Right PCA mycotic ~ TRA  Tortuous vascular 5Fr 5Fr 102 Too acute angulation No
aneurysm system of the vessel for
microcatheter to pass
M 49 Right VB junction TRA  Tortuous vascular 5Fr 5Fr 33 Failure of guidewire No
occlusion system passage due to
organized occlusion
M 74 Innominate artery TRA Tight stenosis very 5 Fr 4 Fr 46 Failure of guidewire No

occlusion close to aortic arch

passage due to
organized occlusion

TRA, transradial approach; TFA, transfemoral approach; TBA, transbrachial approach
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Concern remains regarding the risk of permanent
injury to the radial artery, especially with the use of
larger sheaths. There is a vast number of literature
reports regarding the risks of radial artery access
procedures for coronary indications. These reports have
shown the risk of permanent radial artery injury to be
low, even after multiple procedures in the same radial
artery [15]. If careful documentation of patency of the
palmar arch is performed, then the risk of injury to the
hand is minimal, even if the radial artery is
permanently damaged.

Another issue we must discuss is that of delayed
granuloma formation of the puncture site [16].
Hydrophilic coating of the sheath is helpful for spasm
of the radial artery [17], however, stripped hydrophilic
materials could be the source of aseptic inflammation
of the puncture site [16]. Although we did not have
such a case, we should aware of the possibility.

The transradial approach has a steep and significant
learning curve, increased X-ray exposure time,
difficulty in catheterizing the branch vessels, increased
pain during the procedure, radial artery spasm, and
limitation of continued access in the same arm [18]. Jo
et al. [19] reported 5.2% failure of radial artery
puncture. The small caliber (2-3.5 mm in diameter)
and the alpha?adrenergic innervations of the artery
make the puncture task the key point of a successful
transradial procedure. When the accurate site of
puncture has been correctly identified, the most critical
step of the radial catheterization procedure begins.
Different puncture techniques exist, although currently
the most commonly used by experienced radial
operators is the over-the-needle technique. As
described in many published studies, the TRA [20]
puncture remains, for beginners, the cornerstone of the
learning curve, and it takes time to develop all the skills
required, even for clinically experienced interventional
neuroradiologists. Obtaining arterial access by a single
or a limited number of puncture attempts is probably
the best way to avoid difficulties linked to a refractory
spasm following a difficult puncture (20).

Although we listed the cons for the TRA and the
TBA, these approaches have additional merits compen-
sating for these problems. First, easy hemostasis is the
single most important advantage. It is not necessary to
compress the puncture site manually, as a simple
compression bandage is sufficient for hemostasis, with
few cases of puncture-site hematoma formation in our
series, compared with a groin hematoma formation rate
with transfemoral access reported to be as high as 10%
[21]. Transradial access allows the patient to be
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ambulatory immediately after the procedure. This
allows cerebral angiography to be easily performed on
an out-patient basis and useful for the imaging follow-
up of patients after carotid or vertebral artery stenting.

Second, there is no need to stop antiplatelet or antico-
agulation treatment in patients at risk for atheroscle-
rotic or cardioembolic disease. It may be difficult and
time-consuming to readjust the level of anticoagulation
after angiography if this has been stopped for the
angiogram.

Third, in some complicated cases, such as aortic
diseases, tortuous vascular structure, and anatomical
variations, these obstacles could be easily bypassed
using the TRA or TFA, providing stable guiding
support, especially when the lesion is located in the
right side. Fourth, it is possible that the wrist and
forearm may be a more patient-friendly route than the
conventional TFA.

Our study has some limitations. First, our number of
cases is small, the technical success rate might be
overestimated, and the potential adverse events might
be underestimated. Second, this study just reviewed our
clinical experience with the TRA and the TBA. So we
could not compare the clinical aspects of the TRA or
TBA to the TFA directly.

CONCLUSION

The radial artery and brachial artery are fulfilling
alternatives to femoral artery access in neurointerven-
tional procedures, and it is especially useful when the
target lesion is located on the right side. Interventional
neuroradiologists should become familiar with radial
and brachial artery access in order to provide compre-
hensive endovascular care to their patients.
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