WWW.jKns.or.Kr hitp://dx.doi.org/10.3340/jkns.2013.53.4.213 Print ISSN 2005-3711 On-line ISSN 1598-7876

J Korean Neurosurg Soc 53 : 213-217, 2013 Copyright © 2013 The Korean Neurosurgical Society
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Objective : Transradial angiography has become popular among many cardiologists as a diagnostic and therapeutic tool. However, transradial cere-
bral angiography is not utilized to the same extent. The purpose of this study is to present our experience regarding the usefulness of transradial ce-
rebral angiography, especially in elderly patients.

Methods : Between May 2011 and February 2012, a total of 126 cerebral angiographies were performed via a transradial approach in a single
center. Of them, only 47 patients were over 60 years old. In our institution, we shifted the initial access from the right femoral artery to the right ra-
dial artery in all patients requiring cerebral angiography in 2011. We did not attempt radial access in 40 cases for variable reasons.

Results : The procedural success rate was 92.2%. We have four failures of transradial angiography; two because of loop formations of the radial
and brachial artery and two due to multiple puncture failures. All supra-aortic vessels were successfully catheterized. However, the selective cathe-
terization rates of the left side distal vessels were lower, as success rates were 89.7% for the right internal carotid artery and 75% for the left inter-
nal carotid artery. Procedure-related vascular complications, such as puncture site hematoma, hand ischemia, pseudoaneurysm, arteriovenous fis-
tula and arterial dissection were not observed in our series. However, intraprocedural thrombosis developed in one patient, which was resolved
completely by intraarterial thrombolytic agents.

Conclusion : With advancing patient’s age, we believe that transradial cerebral angiography is a useful tool to decrease patient’s discomfort and
more effectively manage the vessel tortuosity.
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INTRODUCTION

Due to progress in cerebrovascular imaging methods, such as
magnetic resonance (MR) angiography and three-dimensional
CT angiography, there is increased interest in cerebrovascular
disease in ageing society. Many cerebrovascular diseases are
worked up through health screening, which prevent cerebro-
vascular events. However, cerebral catheter angiography re-
mains the gold standard method for examining the vasculature
of patients with cerebrovascular disease. In most institutions,
the right femoral artery is usually selected as the main vascular
access for performing cerebral angiography, because of the cli-
nicians’ familiarity and its convenience. Transfemoral angiogra-
phy has some limitations. Many patients suffer from hemato-
mas or bruising in the groin. Additionally, pseudoaneurysms or
arteriovenous fistulae of the puncture site are rare but do occur.

It cannot be used when patients have extensive atherosclerotic
disease or atypical anatomy in their aortic arch or brachioce-
phalic vessel, femoral artery occlusion or abnormality. To avoid
these problems and limitations, we performed transradial ac-
cess for the preceding year.

The purpose of this study is to describe the efficacy of tran-
sradial angiography by a single operator’s experience for one
year, especially in elderly patients.

MATERIALS AND METHODS

Patient selection

Between March 2011 and February 2012, 244 patients under-
went selective cerebral angiography with digital subtraction angi-
ography in our institution. For 126 patients (51.64%), the proce-
dure was performed via a transradial approach for the evaluation
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of cerebrovascular disease. These patients ranged in age from
17 to 78 years (mean age, 56.2 years) and included 73 women
and 53 men. There were 47 patients over the age of 60; 25 wom-
en and 22 men. Additionally, 91 of the total 244 patients receiv-
ing a cerebral angiography were over the sixty, 47 underwent
transradial access and 44 underwent transfemoral access. Pa-
tients requiring interventional procedures were excluded. After
a one-year neurointerventional learning period with 322 cere-
bral angiographic cases in another institution, we shifted the
initial access from the right femoral artery to the right radial ar-
tery in all patients requiring cerebral angiography. The indica-
tions for cerebral angiography are listed in Table 1 for patients
over the age of 60. We did not attempt radial access in 40 of these
patients for various reasons (Table 2). Our institutional review
board approved these informed consents.

Instruments and techniques

Patients were brought to the angiographic suite. All proce-
dures were performed for diagnostic purposes. We performed
all the transradial approaches via the right side. If the right side
was not available, we did not proceed with the transradial ap-
proach because performing this procedure via the left radial ar-
tery was very inconvenient. In these cases, we performed a right
transfemoral approach. All patients underwent a modified Al-
lens test of the right wrist to evaluate satisfactory collateral per-
fusion prior to the procedure. If the test was abnormal, we did
not proceed with radial artery access. After ulnar artery patency
was proven via modified Allen’s test, patients were prepared
and draped with the right radial artery site exposure at the wrist
and the right arm abducted at a 70-degree angle. The right in-
guinal area was also draped as well, for conversion of the access
route from the wrist to the groin if necessary. A small amount
of 2% lidocaine was infiltrated into the subcutaneous tissue on
the radial artery around the styloid process of the radius, and

Table 1. Indications for transradial cerebral angiography in patients with
age >60 years

Indication Number of cases
Aneurysm 26
Transient ischemic attack 6
Ischemic stroke 5
Brain tumor 2
Follow-up of coiling or clipping 8

Table 2. The reasons for initial transfemoral access in patients with age
>60 years

Reasons Number of cases
Irritability due to confused mentality 18
Inability to position patient’s right arm 4
Not palpable or too weak radial pulse 10
Abnormal Allen’s test 4
Absolute selection of left vertebral artery 4

There were four cases excluded due to failure of transradial access; two loop
formations of radial artery and two multiple puncture failures

the artery was punctured at the point of maximum pulsation
using a 20-gauge needle with a modified Seldinger technique. A
5-French introducer sheath (Terumo Radifocus, Tokyo, Japan)
was then placed within the artery. To prevent vasospasm of the
artery, a diluted solution of nitroglycerine (200 pg/mL; 0.25 mL),
verapamil (2.0 mg), heparin (5000 IU/mL) was injected intra-ar-
terially through the side port of the introducer, which was then
continuously flushed with pressurized (300 mm Hg), heparin-
ized saline (5000 IU per 1000 mL of normal saline) during the
procedure. A 5-French Simmons type 2 catheter (Terumo Radi-
focus, Tokyo, Japan) was inserted and forearm angiography per-
formed through the catheter to confirm there was satisfactory
collateral perfusion. Under fluoroscopy monitoring, a 5-French
Simmons 2 catheter was advanced over a 0.035-inch hydrophil-
ic guidewire (Terumo Radifocus, Tokyo, Japan) through the radi-
al artery to the brachial artery, then through the axillary artery
into the subclavian artery in all cases. Guidewire was subse-
quently advanced to the ascending aorta and turned back at the
aortic valve for the reconstitution of the natural Simmons con-
figuration of the catheter. After the catheter was reconstituted, the
catheter tip was controlled to select the orifice of the target artery
[the innominate artery, left common carotid artery (CCA) or the
left subclavian artery], and then advanced to the distal selection
[the internal carotid artery (ICA) or vertebral artery]. After the
procedure, the catheter and sheath were removed, and a super-
ficial pressure dressing with a radial artery hemostatic device
(Hangshou Alicon Pharm Co., LTD, Zhejian, China) was ap-
plied to the radial artery puncture site. Patients were observed
for three hours before discharge. During this observation peri-
od, their activity was not limited to bed rest.

RESULTS

In patients over the age of 60, radial access was successful in
47 of 51 cases, a success rate of 92.2%. Transfemoral approach
was performed in the four patients with failed radial artery ac-
cess. This was attributed to failure of the radial puncture, loop
formation or tortuosity at the proximal end of the radial artery
in two patients, and severe vasospasm of the radial artery fol-
lowing multiple puncture trials in two patients (Fig. 1). All su-
pra-aortic vessels were successfully catheterized. However, se-
lective catheterization rates of the left-sided distal vessels were
lower, with success rates of 89.7% (26/29) for the right ICA and
75% (27/36) for the left ICA. Patients were excluded when it
was deemed impossible or dangerous to catheterize the ICA be-
cause of severe stenosis or atheromatous plaques. We did not
attempt to select the vertebral artery routinely, if there was not
found the legions at previous CT angiography or MR angiogra-
phy. Two procedures using the same radial artery were per-
formed in two patients (4.3%). Among these patients, radial ar-
tery occlusion or stenosis was not demonstrated on follow-up
cerebral angiography. In all patients in whom the transradial an-
giography was successful, the diagnostic adequacy and quality
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of images were satisfactory.

Pain in the forearm or arm developed in three patients dur-
ing the procedures, but it was usually mild and transient. Vaso-
spasm of the radial artery was noted in two cases. Spasms were
effectively resolved with the combined solution of nitroglycerin,
verapamil, and heparin. Procedure-related vascular complica-
tions, such as puncture site hematoma, hand ischemia, pseudo-
aneurysm, arteriovenous fistula and arterial dissection, were
not seen in our series. No patients had functional disability of
the hand, and no complaints of discomfort were reported on
the questionnaire. However, intraprocedural thrombosis devel-
oped in one patient and aggravation of a pre-existing neurolog-
ic deficit was noted (Fig. 2). Chemical thrombolysis was per-
formed through the transradial route and the thrombus was
removed completely. The patient’s symptom was improved after
one day without further sequelae.

DISCUSSION

The transradial approach was introduced for the first time in
1998 in coronary angiography?. It was contributed to reduce
puncture site complication and the discomfort of the patients.
Transradial approach has become popular among a majority of
interventional cardiologists as a diagnostic and therapeutic tool
in a number of centers worldwide because of its low puncture site
complication rate, as compared with the transfemoral approach,
for patients undergoing anticoagulation therapy®'V. The tran-
sradial approach in cerebral angiography and neurointerven-
tion was introduced in 2000'. Some authors expected that the
transradial approach could be a gold standard for cerebral angi-
ography'”, although the transfemoral approach is usually fa-
vored in almost centers because of familiarity and convenience.

The femoral artery is the most common puncture site used
for cerebral angiography, because most angiographers and neu-
rointerventionalists are comfortable using this access for the en-
tire cerebral vascular system. However, there are some limita-
tions. Transfemoral approach cannot be used when patients
have extensive atherosclerotic disease in their aortic arch, atypi-
cal anatomy of their aortic or brachiocephalic vessels, dissection
of the thoracic artery, iliofemoral occlusive disease, or groin in-
fection*”. Additionally, this procedure can lead to several
complications, such as retroperitoneal hematoma, pseudoaneu-
rysm formation, arteriovenous fistula formation, femoral nerve
injury, lower limb ischemia, and pulmonary embolism”!>!31519),
One of the major limitations of the transfemoral approach is
the requirement for 4 to 6 hours of leg immobilization and bed
rest to prevent bleeding complications at the femoral access
site'®). At times, duration of the leg immobilization was greatly
reduced by application of percutaneous closure devices. How-
ever, these devices were expensive.

Transradial approach has the most important advantage of
easy hemostasis. Compared with a groin hematoma formation
rate with transradial approach reported as high as 10%'®. Trans-
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Fig. 1. Loop formations as a cause of transradial approach failure (black
arrows). These conditions make it difficult to introduce the guidewire
and catheter because of loop formation of the brachial (A) and radial (B)
arteries. Transradial approach failed in these cases.

Fig. 2. Acute thrombosis developed during transradial cerebral angiog-
raphy of the right middle cerebral artery (A). And then, it resolved after
intraarterial thrombolytic agents (B).

femoral approach may cause more suffering for the patients,
particularly for those with advanced age, degenerative spine or
spinal lesions, or benign prostate hypertrophy, because these
conditions require complete bed rest for at least several hours fol-
lowing femoral artery puncture'®. Furthermore, after the trans-
femoral approach, patients are usually kept in the hospital over-
night for observation. In contrast, transradial approach does
not require bed rest and allows the patient to be ambulatory
immediately without the restriction of arm movement after pro-
cedure. In our institution, after transfemoral approach, we per-
form manual compression for 15 minutes without the use of ad-
ditional percutaneous groin closure devices in the angiographic
suite. However, transradial approach does not take the time for
the compression. It is not necessary to compress the puncture
site manually, as a simple compression device is sufficient to
achieve hemostasis without special precautions. We generally
observe patients for six hours with leg immobilization after
transfemoral angiography. It is quite uncomfortable for patients
and may lead to anxiety toward future angiographic trials. How-
ever, transradial angiography does not require prolonged ob-
servation. It takes 3 hours for observing patients and allows ce-
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rebral angiography to be easily performed on out-patient basis,
useful for the image follow-up of patients after neurointerven-
tional procedures.

The transradial approach is especially useful for patients with
obesity or severe atherosclerotic change of bilateral femoral ar-
teries, as the radial artery is an easier and safer access route'”. In
these cases, femoral artery puncture may often fail due to its
deep location and weak pulsation. However, radial artery is su-
perficially located on the underlying firm tendon, relatively fixed,
easily compressible, and, most important, not an end artery.
Since no major nerves or veins run in the vicinity of the radial
artery over the radial styloid, neuropathies or arteriovenous fis-
tulas are less likely to occur'.

Transradial cerebral angiography has some advantages after
the administration of anticoagulants or with effective antiplate-
let therapy'>'>'7), In the elderly, as the rate of atherosclerotic
cerebrovascular and coronary diseases increase, anticoagulation
or antiplatelet therapies are more common. These conditions
are a contraindication for femoral approach, secondary to the
potential for neurologic compromise caused by a large hemato-
ma'”). It is usually necessary to discontinue the anticoagulant or
antithrombotic agents before the procedure to reduce the risk
of serious hemorrhagic complications. Additionally, it may be
difficult and time consuming to restart and readjust the level of
anticoagulation after angiography;, if this has been stopped for
the angiogram. However, transradial approach does not require
these agents to be discontinued. 17 (36.2%) of the 47 patients in
our series received anticoagulant and/or antiplatelet therapy
perioperatively in our series, no major hemorrhagic complica-
tions experienced, such as significant puncture site hematoma,
pseudoaneurysm, or arteriovenous fistula formation. Therefore,
it is reasonable to expect that anticoagulant and antiplatelet
therapies need not be discontinued for cerebral angiography via
transradial approach. In addition, it may actually reduce the in-
traprocedural thromboembolic complications if these agents
are continued or added. We also recommend the use of pres-
surized, heparinized saline for the continuous flushing of the
introduce sheath in order to prevent thrombosis.

With advancing patient age, vascular tortuosity and athero-
matous change are increasing. Transradial approach is very use-
ful in patients with significant tortuosity or ectatic changes of
the aortic arch, and in patients with acute right vertebral artery
course from the subclavian artery'?. In some patients with very
tortuous supra-aortic branches or bovine type left CCA, it is
necessary to exchange Simmons or other specialized catheters
for transfemoral access. However, transradial approach allow
easy catheterization without exchanging the catheter. Addition-
ally, it is more suitable in the right vertebral and right carotid
systems. At times, the right vertebral artery is extremely diffi-
cult to catheterize from a transfemoral approach. In this condi-
tion, the right vertebral artery is easily catheterized from the
transradial approach. Stability of guiding catheters in the right
vertebral and carotid systems is outstanding from a transradial

approach'”. Catheter stability is excellent because the catheter
system is confined to vessels with relatively small diameters,
whereas guiding-catheter instability from a transfemoral ap-
proach often occurs because of transverse ectatic and large-di-
ameter aortic arches'”.

Transradial cerebral angiography has some limitations. The
success rate of selective catheterization is relatively low, espe-
cially for the left vertebral and internal carotid artery'?. However,
it is not a severe problem in vascular evaluation, because in most
cases the target vessels were successfully visualized with the left
common carotid artery injection and the left subclavian artery
and/or the right vertebral artery injection. In our institution, to
avoid vessel wall damage in the vertebral artery, we placed the
catheter tip just to the orifice or the proximal portion of the ver-
tebral artery. Otherwise, we prefer the transfemoral approach if
the left vertebral artery is absolutely necessary to evaluate.

As a transradial approach is technically somewhat difficult
and more challenging, it has a steep and significant learning
curve to increase the success rate. It is difficult to negotiate the
wire into the aortic arch, because the vessels originating from
the arch become tortuous with advancing age. Additionally, po-
tential trauma to the radial artery is more likely to occur in el-
derly patients, in whom the radial artery may be quite tortu-
ous'. The success rate of transradial cerebral angiography is
reported to be 92.7-99%°1%1>151 Hildick-Smith et al.” have re-
ported that the success rate of a transradial approach ranged
from 88% for beginners to 94% for experienced specialists. In
our series, the success rate was 92.2% in elderly patients (>60
years old). We failed in 4 patients; two had loop formations of
the radial artery, and two experienced severe vasospasm due to
multiple puncture failures (Fig. 1). Some authors worry about
procedure-related thromboembolism with a reversed-angle
catheter such as Simmons'?. They suggest that the whirling
motion of the bulky catheter within a tortuous atheromatous
aorta is dangerous. We had one patient who experienced intra-
procedural thrombosis. However, this complication rate is com-
parable with that of transfemoral access*'?. It is important that
there is gentle catheter manipulation in the aortic arch to re-
duce the chance of disturbing atheromatous plaques.

CONCLUSION

Transradial cerebral angiography is a useful routine or alterna-
tive method for patients in whom transfemoral cerebral angiog-
raphy is less favorable. With advancing patient age, transradial
angiography is helpful to overcome vessel tortuosity and patient
discomfort.
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