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Transradial access for 
neurointerventional procedures: 
A practical approach
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Introduction

The transfemoral approach (TFA) is 
the most common access for cerebral 

angiography and neuroendovascular 
procedures.[1] In recent years, by adopting 
the radial‑first approach from interventional 
cardiology, several centers have successfully 
transitioned from femoral to radial‑first 
access  in  most  neuroendovascular 
procedures.[2‑6] For a transition from TFA to 
transradial approach (TRA), gaining new 
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Abstract:
INTRODUCTION: Transradial approach (TRA) is a new technique proposed for performing cerebral 
angiography and neuro‑interventional procedures. In this article, we sought to provide a step‑by‑
step guide for carrying out a diagnostic cerebral angiography using this approach and summarize 
our center's experience.
MATERIAL AND METHODS: Records of patients since January 2020 were investigated, and data 
on demographic indices, reports of the procedures, outcomes, and complications were extracted. 
Then, these data were used to develop a step‑by‑step instruction for TRA cerebral angiography.
RESULTS: Two hundred eighty‑nine patients matched our eligibility criteria with a mean age of 
50 years and a female‑to‑male ratio of 1.18. Overall, TRA was carried out successfully for 97.2% 
(281 patients). In case TRA failed, transfemoral approach was considered for the procedure. Three 
minor complications (two vasospasm and one small hematoma) and two major complications (one 
pseudoaneurysm of the radial artery and one radial artery avulsion) were observed.
CONCLUSION: This article covers challenges a neurointerventionalist may face during a diagnostic 
cerebral angiography using TRA. Furthermore, our findings indicated that cerebral angiography with 
TRA might be performed safely and with a great success rate.
Keywords:
Cerebral angiography, neuro‑interventional ,transradial approach (TRA)

skill sets and experiences are needed since 
the radial artery is smaller than the femoral 
artery in diameter size, and advanced 
techniques in manipulating catheters are 
required for catheter formation in the 
aortic arch and for accessing to the major 
cervical arteries.[7,8] As such, the learning 
curve for TRA could be slower and more 
challenging than TFA.[4,7] Furthermore, 
TRA has its own challenges that require 
neurointerventionalists to be aware of and 
know how to deal with it.[9]

Although several neurointerventional 
centers have reportedly switched their 
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practices from TFA to TRA, the majority of the 
neurointerventionalists have generally kept the 
traditional TFA. We have gradually shifted from 
TFA‑first toward TRA‑first in our center in Iran during 
the last 2 years. In this article, to share our experience, 
we provide a stepwise and practical approach to TRA 
for neuroendovascular procedures and discuss potential 
challenges dealt with during the procedures.

Methods

Since January 2020, patients in our center have had 
the choice to choose the access method for the cerebral 
angiogram and elective neuroendovascular procedures. 
Since then, 289 patients were undergone radial access for 
a diagnostic angiogram. In the majority of procedures, 
the 5‑french Simmons‑shaped catheter includes Cook 
Beacon® (Cook Medical [Bloomington], [Indiana, United 
States]), Performa®, (Merritt Medical [Utah, United 
States]) and Supertorque®, (Cordis [Florida, United 
States]) were utilized as the Terumo gliding Simmons 
catheter is not available in our market. For each patient, 
informed consent for the procedure was obtained. This 
study was approved by the Institutional Review Board 
of Mashhad University of Medical Sciences with the 
registration number 4001116.

Patient selection
TRA was proposed to all patients over 16‑year‑old and 
underwent cerebral angiography or neuroendovascular 
procedures except for mechanical thrombectomy. Allen test 
is no longer a predictor of ischemic hand events and was 
not used to select the patients.[10] The right radial artery is 
the first choice for access, and in case it is failed, the right 
ulnar artery was used. If ulnar access is not suitable or fails, 
the access is switched to the femoral artery. The left radial 
artery is used if the left vertebral artery (VA) is not accessible 
through the right radial approach.

Technique

Anesthesia and pain relief
After positioning the patient on the angiography table, 
the patient’s hand is placed on the designed pad in 
an anatomic position with the palm facing upward. 
For distal radial access, the patient’s hand is put in a 
neutral position with a snuff box in the best view. The 
anesthetic team includes anesthesiologists for general 
anesthesia and/or nurses for moderate sedation. For 
moderate sedation, generally, 1 mg of midazolam and 
50–100 of fentanyl will be injected intravenously (IV). 
After preparing skin at the access site with iodine‑based 
disinfectant and draping, 5 ml lidocaine 2% is locally 
injected around the radial access puncture site. If the 
patient still feels uncomfortable, the anesthetic team 
will administer propofol for more sedation. For the 

majority of interventional procedures, we prefer general 
anesthesia. Patients’ vital signs, including pulse rate, 
blood pressure, and pulse oximetry are continuously 
monitored during the operation.

Radial artery puncture and sheath selection
For arterial puncture, we use the technique described 
by Dev et al.[11] We extend the patient’s wrist to bring 
the radial artery to a more superficial position. The 
radial artery is located between the styloid process of 
the radius and the flexor carpi radialis. For diagnostic 
purposes, we usually use Prelude® 5F (Merit Medical TM 
((Utah, United States]) and for interventions Preclude® 
6F (Merit Medical TM). We use a modified Seldinger 
sheath insertion technique with a micropuncture kit.[12] 
Then, we inject a radial cocktail (made up of 100 μg 
of nitroglycerin) through the radial sheath and we 
administered 5000 units of heparin IV.

Navigating to the aortic arch
For catheterization of large vessels of the neck, 5 

Figure 1: Forming Simmons in descending aorta. (a) Advancing wire and Simmons 
to descending aorta, (b) pulling back the wire and placing the catheter on the edge 
of the aorta, (c) pushing and rotating Simmons, (d) rotating Simmons to navigating 
great vessels, (e) final form of Simmons. The labels indicate 1: Ascending aorta, 
2: Brachiocephalic artery, 3: Right subclavian artery, 4: Right CCA, 5: Left CCA, 

6: Left subclavian artery, 7: Aortic arc, 8: Descending aorta, 9: The Catheter. 
CCA: Common carotid artery
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French Simmons 2 (Sim2) catheters are usually 
utilized.[5] Although catheterization with glide catheters 
is generally our first choice, we have used 5F nonglide 
catheters such as Torcon NB® Sim2 catheters Cook 
Medical (Bloomington, Indiana, United States) or 
Performa® which are available in our center. After 
sheath insertion, Sim2 catheter is navigated to the 
subclavian artery over a 0.035 hydrophilic wire. If there 
is any resistance to advancing the hydrophilic wire, we 
navigate under the road mapping technique. Using a 
road map, we engage the catheter into the right VA 
origin in case we plan to perform a posterior circulation 
angiogram from the right VA.

Forming Simmons
Sim2 catheter could be formed to its original shape 
in 4 different ways using the right common carotid 
artery (CCA), ascending aorta over the aortic valve, 
descending aorta, and left CCA. Hadley et al. describe 
seven ways to form a Sim2 catheter and three of them 
used ascending aorta over the aortic valve.[8]

While advancing the catheter over the hydrophilic wire from 
the right subclavian artery into the brachiocephalic artery, 
the right CCA could sometimes be selected by the catheter/
hydrophilic wire without the need for forming the catheter. 
At this time, the glide wire is pushed as distal as possible 
in the right CCA or external carotid artery (ECA), and the 
catheter is advanced over the wire into the right CCA.

If the right CCA could not be selected directly, Sim2 may 
be formed in the aortic arch. In our practice, we generally 
advance the glide wire to the descending aorta then slide 
Sim2 over it, passing the catheter curved portion to the 
very proximal descending aorta from the brachiocephalic 
artery origin. The hydrophilic wire is then retracted to 
the straight portion of the catheter proximal to the curve. 
Holding both wire and catheter as a unit, they are then 
pushed into the ascending aorta with or without rotation 
to form the loop [Figure 1].

In another technique, the ascending aorta is used 
to form Sim2 over the aortic valve. The hydrophilic 
wire is advanced into the ascending aorta over the 
aortic valve [Figure 2]. This maneuver should be done 
cautiously to avoid entering the into left ventricle 
inducing paroxysmal ventricular contraction or to enter 
the coronary arteries leading to dissection or perforation. 
These events could be avoided by carefully navigating 
the tip of the wire under fluoroscopy. The wire makes a 
loop over the aortic valve and is advanced into right CCA, 
left CCA, or descending aorta. In the next step, Sim2 will 
be advanced over the wire. When the catheter curve is 
passed the aortic valve, we pull back the wire, and Sim2 
would be formed. In a bovine arch configuration (with 
a prevalence of 13%), the formation of the Simmons 
catheter directly in the left CCA would be easier.[13]

Navigation into great cervical arteries
To navigate into internal carotid arteries (ICAs) the 
hydrophilic wire is advanced into the distal cervical ICA 
under road mapping and the catheter is advanced over 
the wire. Occasionally, the catheter is pulled back into 
the ascending aorta when the catheter is pushed to slide 
over the wire, particularly with the nongliding catheters. 
In such cases, a stiffer hydrophilic 0.035 wire or a 260 cm 
stiff hydrophilic 0.035 wire is advanced into the distal 
ECA, preferably the internal maxillary artery (IMA), or 
sometimes into distal ICA and Sim2 is navigated over the 
wire to the distal part of the CCA or proximal part of the 
ICA until the curved potion of the Sim2 passes the aortic 
arch. At this time, the wire is pushed into the distal ICA 
and Sim2 is advanced over the wire. If Sim2 does not pass 
easily to the distal part of the CCA or proximal part of the 
ICA, it may be exchanged with Vertebral or Bern catheters 
over the 260 cm stiff hydrophilic wire while the distal tip 
of the wire is positioned in the distal part of the IMA.

Navigating the left VA could be difficult and challenging 
through right TRA. When left VA’s origin is very 
proximal and low in the left subclavian artery, left VA 
is easily catheterized with appropriate rotation and 
maneuvering of Sim2. If the origin of the left VA is high 
in the left subclavian artery and Sim2 could not easily 
navigate into the left VA, Simmons 3 can be used to 
address this challenge. Another alternative technique 

Figure 2: Shaping Simmons in ascending aorta, (a) advancing wire over aorta 
valve, (b) sliding Simmons over the wire, (c) pulling back the wire while rotating the 
Simmons, (d) Navigating Simmons to Great vessels, (e) pulling back the Simmons 

to engage the vessel
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is to navigate the hydrophilic wire or sometimes stiff 
hydrophilic wire into the distal part of VA (V2) and then 
to slide the catheter over the wire. Of note, in the presence 
of an aberrant right subclavian artery, using intracranial 
support catheters would be helpful to pass the curvature 
added by this arterial variation.[14,15]

Closure
After completing the angiogram and withdrawing the 
catheter, the sheath is double flushed with saline and 
arterial blood pressure is checked. The puncture site 
is covered by TR Band® (Tayband TM, Lepu Medical 
Technology [Beijing, China]). The TR band is inflated 
with 15 ml of air. Then the air is gradually removed until 
blood return is noted. In the next step, the TR band is 
inflated with 3 ml of additional air. If the distal radial 
artery at the snuff box is punctured, we generally apply 
manual pressure for 10 min util hemostasis is achieved.

Postprocedure
We generally start deflating the TR Band® after 1.5–2 h 
at a rate of 2 ml every 10 min. If bleeding occurs during 
deflation of the TR band, it is re‑inflated with 2 ml of air 
for 40 min. Generally, the patient is discharged 3–4 h 
after cerebral angiography is completed, and they are 
allowed to start their usual activities. The puncture site 
can be exposed to water after 48 h. Heavy activities are 
permitted 1 week after the procedure. Mild pain and 
discomfort are not unusual and can be managed by 
icepack or low‑dose nonsteroidal anti‑inflammatory 
drugs. There is no need to discontinue the patient’s 
medications, such as anticoagulants or antiplatelets, 
before, during, or after the cerebral angiogram.

Potential radial access complication and 
management
A thorough and complete review of complications and 
their management is beyond the scope of this article. 
However, briefly complications can be classified as intra 
versus postprocedural and further as hemorrhagic versus 
nonhemorrhagic.[16] Intraprocedural complications 
include radial artery spasm, arterial dissection, catheter 
kink, and radial artery perforation.[9,16‑18]

Radial spasm is the most common complication reported 
in 4%–20% of cases.[16,19] In the majority of patients, 
radial spasm is mild and tolerable and can be managed 
by increasing sedation and analgesia or administration 
of more anti‑spasmolytic medications (nitroglycerin 
and/or verapamil).[9,16] It is recommended to keep 
manipulating catheters and sheath as little as possible.[16] 
In moderate to severe cases, if radial artery spasm does 
not respond to sedation/analgesia and IV or intraarterial 
anti‑spasmolytic medications, other measures may be 
required such as subcutaneous injection of lidocaine 
or anti‑spasmolytic agents around the radial artery, 

flow‑mediated dilatation by inflating blood pressure cuff, 
forearm warming, ulnar artery compression, and local 
lubricants (such as Viperslide or Rotaglide solution).[9,16] 
Deep sedation with propofol, general anesthesia, and 
axillary nerve block is reserved as the last option if other 
measures do not work.[9,16] To minimize this side effect, 
as recommended, we mildly sedate awake patients with 
midazolam and inject anti‑spasmolytic agents such as 
nitroglycerin and/or verapamil into the radial artery 
after insertion of the sheath.[9,16,20]

A rare but severe complication is radial artery 
perforation, which could lead to forearm hematoma 
and even a compartment syndrome if it is not managed 
immediately.[9,16] It is usually due to the inadvertent 
advancement of wire into a small side branch.[16] Radial 
perforation accompanies severe forearm pain and/or 
vasovagal reactions following difficult navigation in 
tortuous or small vessels. If the wire is in place and could 
be passed across the injured site safely, the perforation 
may be sealed by advancing the sheath or glide catheter, 
allowing us to continue the procedure.[16] If the wire is not 
in place or the wire cannot advance across the perforation 
site safely, the procedure needs to be terminated, and 
the perforation site is compressed by inflating the blood 
pressure cuff to achieve hemostasis.[9,16] Occasionally, it is 
required to compress the perforation site for 15–20 min 
to achieve adequate hemostasis.[16] When the catheter 
is tightly entrapped in the radial artery, avulsion of 
the artery could occur during catheter removal despite 
following all the safety measures. In this situation, 
hemostatic compression could be sufficient to prevent 
hematoma in the forearm.

Simmons catheter’s shape is prone to kinking and 
knotting during manipulation, particularly in the very 
tortuous subclavian artery which is common in the 
elderly.[9,21] There are several techniques that can be 
used to come over this challenge: (1) advancing the 
hydrophilic wire or stiff hydrophilic wire in the catheter 
to pass and straighten the kink site, (2) untwisting the 
knot by clockwise or counter‑clockwise rotation of the 
catheter, (3) external fixation of the distal part of the 
catheter by inflating the blood pressure cuff, (4) encasing 
the knot by using a long sheath, or (5) snaring the catheter 
through the femoral artery approach.[9,21]

Postprocedural complications are uncommon and 
include radial artery occlusion, pseudo‑aneurysm, 
arteriovenous fistulae, nerve damage and regional pain 
syndrome, infection, and forearm hematoma with or 
without compartment syndrome.[9,16]

Our Center Experience

Two hundred and eighty‑nine patients underwent 
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radial access for cerebral angiography with a mean age 
of 50.42 (±17.6) years with a female‑to‑male ratio of 
1.18 (157 vs. 132). The radial approach was successful in 
97.2% (281) of patients and femoral access was obtained 
in the rest of the patients. In 70% (202) of patients, the 
radial artery was punctured and for others, if the radial 
approach was failed, the ulnar artery was used. Of 281 
successful radial access, right VA was catheterized in 
177 (63%) cases, right CCA or ICA or both in 271 (96%) 
cases (right CCA, 132 and ICA 148), left ICA or CCA 
or both in 264 (93.9%) cases (left CCA 140 and left ICA 
131), right and left ECA in 29 (10.3%) and 23 (8.2%) cases 
respectively, and left VA in 134 cases. In eight patients, 
the left VA could not be catheterized directly, so the 
angiogram was performed through the left subclavian. 
In addition to 8 cases of unsuccessful radial access, 
30 patients (10.7%) needed a cross‑over to femoral access 
for completing the cerebral angiography due to failure of 
catheterization of desired cervical large arteries.

In terms of complications, three minor complications 
were recorded (1%). Two patients experienced severe 
vasospasm of the radial artery that required abandoning 
radial access and crossing over to the femoral approach. 
In one patient, a small hematoma in the right forearm 
was controlled by temporary cuff compression. Two 
major complications were reported in the records 
of patients (0.6%). One was a pseudoaneurysm in 
the proximal right radial artery that occurred in an 
82‑year‑old female with a very tortuous radial artery. 
The pseudoaneurysm was treated with coil embolization 
through a TFA. Another one was radial artery avulsion 
in a 76‑year‑old female. It was treated by temporary 
compression of the forearm by the cuff. There was no 
report of any symptomatic stroke.

It may be beneficial to compare our results with other 
centers to gain a better understanding of the reliability 
and robustness of our findings since this report only 
reflects the experience of a single center. Stone et al. 
conducted a study in a single‑center study and recruited 
158 cases of radial approach angiography and compared 
the outcomes with 154 cases of femoral access. The 
diagnostic goal success rate for radial access was 97%, 
which is similar to our findings (97.2%). The femoral 
approach had a success rate of 99%. Stone et al. reported 
no significant difference in the complication rates of these 
two approaches, with a minor complication rate of 2.5% 
for the radial approach and 5.8% for the femoral (P value = 
0.14). Also, no major complications were observed.  Our 
study found major and minor complication rates of 
0.6% and 1%, respectively.[22] Another study by Wang 
et al. investigated the data of 1,085 radial access and 
1,229 femoral access. Their findings revealed that the 
TRA approach had a success rate of 98.6%, and the TFA 
had a success rate of 99.18%. This study noticed fewer 

complications such as local access complications and 
deep vein thrombosis in patients who underwent TRA 
compared to TFA.[23] Romano et al. have confirmed earlier 
findings by reporting a 97.6% success rate for the TRA 
and no major complications related to the radial artery.[24]

Conclusion

In this technical review, we aimed to cover all the 
main challenges that a neurointerventionalist may face 
during the TRA for diagnostic and neurointerventional 
procedures. Long‑term outcomes and delayed 
complication rates should be investigated in larger‑scale 
studies with extended follow‑ups, but our study showed 
that the TRA for diagnostic neurovascular angiogram 
might be an effective and safe option.
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