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Abstract 1 

 2 

Backgroud: The radial approach has been gaining more widespread use by neurointerventionalists 3 

fueled by data from the cardiology literature showing better safety and overall reduced morbidity. 4 

Objective: Herein, we present our institution's experience with the radial approach for 5 

neuroendovascular interventions in 614 consecutive patients who underwent a cumulative of 760 6 

procedures.  7 

 8 

Methods: A retrospective analysis was performed and identified neuroendovascular procedures 9 

performed via the upper extremity vasculature access site.  10 

 11 

Results: Amongst 760 procedures, 34·2% (260) were therapeutic, and 65·7% (500) were non-12 

therapeutic angiograms. Access sites were 71·5% (544) via a conventional radial artery, 27·8% 13 

(211) via a distal radial artery, 0·5% (4) via an ulnar artery, and 0·1% (1) via the brachial artery. 14 

Most of the procedures were performed via the right side, 96·9% (737), 2·9% (22) via the left-15 

sided, and 0·1% (1) via a bilateral approach. Major access site complications occurred at a rate of 16 

0·9% (7). The rate of transfemoral conversion was 4·7% (36). There was a statistically higher 17 

incidence of transfemoral conversion when repeat procedures were performed using the same 18 

access site. Also, there was no significant difference between non-therapeutic procedures 19 

performed using the right and left radial access, and conventional versus distal radial access. 20 

Procedural metrics improved after completion of 14 procedures, indicating a learning curve that 21 

should be surpassed by operators to reach optimal outcomes.  22 



 

 2 

Conclusions:  Radial artery catheterization is a safe and effective means of carrying out a wide-23 

range of neuroendovascular procedures associated with excellent clinical outcomes and an overall 24 

low rate of periprocedural complications. 25 

 26 

  27 



 

 3 

Introduction 28 

 29 

The radial approach has been gaining more widespread use by the neurointerventionalist 30 

community fueled by data from cardiology literature showing safety and overall reduced morbidity 31 

& mortality.1-14 The RIVAL trial presented compelling evidence that transradial access (TRA) is 32 

associated with reduced morbidity, mortality, length of hospital stay, and costs.1-13 This compelling 33 

evidence, in addition to other studies, lead to the American Heart Association recommendation of 34 

TRA as a first-line approach for patients undergoing cardiac interventions.1,4,5,11,12,15-19 However, 35 

radial artery access has inherent limitations: the artery is smaller in size, has several anatomical 36 

variations, and provides a challenge to catheterize left-sided supra-aortic vessels. Additionally, 37 

there is a paucity of radial-specific devices and catheters for neurointerventions. However, given 38 

the decreased risk of access-site and peri-procedural complications seen in the cardiac literature, 39 

many neurointerventionalists have begun to pursue a ‘radial first’ strategy in their practice. Our 40 

institution has reported improved patient satisfaction metrics for radial artery neurointerventions.20 41 

In this study, we present our institution's experience with a radial approach for neuroendovascular 42 

interventions. We aim to demonstrate the pearls and pitfalls of TRA in both diagnostic and a wide 43 

range of interventional neuroendovascular procedures. 44 

 45 

Methods 46 

Study Design 47 

Institutional review board approved the study protocol, and the need for informed consent 48 

was waived due to the study’s design. The authors declare that all supporting data is present within 49 

the article. We conducted a retrospective analysis of a prospectively maintained database. We 50 
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identified 614 patients who underwent 760 consecutive neuroendovascular procedures via upper 51 

extremity vasculature access site at our academic institution between April 2018 and January 2020. 52 

The adoption of the radial approach was performed progressively by one of the four 53 

neurointerventionalists in the division beginning with diagnostic cerebral angiograms, and as he 54 

gained more experience and expertise, progressing to perform all his procedures via a ‘radial first’ 55 

approach.  56 

Medical charts were reviewed for baseline characteristics such as age and gender, the 57 

indication of the interventional procedure whether for diagnostic purpose, follow-up, or as a 58 

therapeutic intervention, procedure characterstics such as laterality, vessel(s) accessed, sheath size, 59 

number of selected vessel(s), fluoroscopy duration, procedure duration defined as time interval 60 

between starting patient preparation to the completion of the procedure, and lastly radiation 61 

exposure. Transfemoral approach (TFA) conversion, access site complications, and technical 62 

accomplishment of therapeutic procedures were gathered. Access site complications excluded mild 63 

hematoma and subjective post-operative pain. Follow-up diagnostic imaging was not routinely 64 

aquired to assess the patency of the radial artery, which limits our ability to accurately assess radial 65 

artery stenosis or occlusion. Access site conversion was defined as a failure to complete the 66 

procedure after the successful cannulation of the radial artery (RA). We defined technical success 67 

as effective accomplishment of the interventional procedures after effective cannulation of the 68 

target artery. An alternate access site was described as any access site in the upper limbs, including 69 

the contralateral limb different from the initial approach used. As a general rule, the distal radial 70 

access is primarily used for diagnostic cerebral angiograms, and the conventional radial access is 71 

used for therapeutic procedures. Left radial access is used when the left vertebral artery is the target 72 

vessel.  73 
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Data Availability 74 

Data will be shared to other investigators upon reasonable request.  75 

Technical Procedure 76 

The arm is positioned on the Rad Board (Merit Medical, South Jordan, UT) that is stretched 77 

from the head of the bed to the control board. When performing a diagnostic angiogram, we 78 

position the arm at the patient’s side in a neutral position with the thumb pointing upwards. The 79 

hand, including the thumb, is taped so that it is flexed to the board. The hand is padded with the 80 

Rad Rest (Merit Medical, South Jordan, UT) or a piece of foam to decrease pressure and pain on 81 

the hand.  82 

We either use the Glidesheath slender (Terumo Interventional Systems, Somerset, NJ) or 83 

the Prelude (Merit Medical, South Jordan, UT) radial sheath. We typically use a 5 Fr for diagnostic 84 

purposes and a 6 Fr for interventional procedures, and in cases of more proximal support is 85 

anticipated a long 6 Fr long sheath is used (Ballast [Balt, Irvine, CA], Shuttle [Cook Medical, 86 

Bloomington, IN], Infinity [Stryker, Kalamazoo, MI]). An ultrasound is used to eye the vessel to 87 

determine what size system it can accommodate and puncture the artery. Local anesthesia is 88 

administered subcutaneously, and the micropuncture needle is advanced into the radial artery 89 

under ultrasound guidance. Once the artery is catheterized, and there is spontaneous blood flow 90 

return, a 0.021 inch microwire is placed through the needle. Once the wire is confirmed to be 91 

intraluminal, the needle is removed, and the hydrophilic sheath is advanced over the wire into the 92 

vessel. A radial cocktail consisting of 2000 units of heparin, 5mg of Cardene, and 200 µg of 93 

Nitroglycerin is injected through the sheath. The sheath is then flushed clear with heparinized 94 

saline and hooked to continuous heparinized saline flush. 95 
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A radial angiogram is obtained to look for any evidence of vasospasm, vascular anomalies, 96 

and flow into the ulnar circulation. A roadmap is performed to navigate the wire and the catheter 97 

in the arm. We routinely use a 5 Fr Simmons select catheter (Penumbra Incorporation, Alameda, 98 

CA). The other catheters we use are Glidecath (Terumo Interventional Systems, Somerset, NJ) that 99 

are available in forms (Sim 1, 2, and 3). If the aim is to catheterize the posterior circulation vessels 100 

only, any Berenstein catheter (Merit Medical, South Jordan, UT) or an angled catheter allows easy 101 

access without the need to reform the Simmons catheter. We use a 0.038 Glidewire (Terumo 102 

Interventional Systems, Somerset, NJ) as our standard wire that can be used for the entire case.  103 

 104 

Statistical Analysis  105 

All data analyses are performed using the Stata software (StataCorp, College Station, TX). 106 

Continuous variables are presented as mean, standard deviation, and ninty five percent confidence 107 

interval. Categorical variables are presented as absolute numbers and percentages. Unpaired t-test, 108 

χ2, Fisher's exact tests, and ANOVA were used as appropriate. A p-value < 0.05 was considered 109 

statistically significant.  110 

 111 

Results 112 

 113 

Patient Demographics 114 

A total of 614 patients underwent 760 neuroendovascular procedures using the upper 115 

extremity vasculature access site. The average age of the patients was 59·9 years, with females 116 

constituting 57·4% of the cohort. There were 34·3% therapeutic procedures and 65·7% non-117 

therapeutic angiograms. Therapeutic procedures included 44·2% aneurysm treatment, 20·0% 118 
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mechanical thrombectomy, 10·7% carotid artery stenting, 12·7% arteriovenous malformations 119 

treatment, and 9·6% as others. Of 115 aneurysms, 20·9% were ruptured aneurysms. 120 

Access sites were 71·5% via conventional RA (cTRA), 27·6% via distal RA (dTRA), 0·5% 121 

via a proximal ulnar artery, and 0·1% via the brachial artery. Most of the procedures were 122 

performed via the right side, 96·9%, 2·9% via the left-sided, and 0·1% via a bilateral approach. 123 

(Table 1A)  124 

 125 

Procedure Details 126 

A sheath size of 5-Fr was used in 72·6%, a 6-Fr in 24.1%, a 7-Fr in 3·1%, and 4-Fr and 8-127 

Fr were each used in 0·1% case. The right internal carotid artery (ICA) was the most common 128 

vessel catheterized (47·1%), followed by the left ICA (45·3%) and right vertebral artery (VA) 129 

(32·4%). Overall, the mean procedure duration was 72·2 minutes, the mean fluoroscopy time was 130 

14·7 minutes, the mean contrast dose was 82·9 ml, and the mean radiation exposure was 45·6 131 

Gycm2. (Table 1B) 132 

 133 

Outcomes and Complications 134 

Technical success was achieved in 244 (93·8%) therapeutic procedures. Of 115 135 

neuroendovascular aneurysm treatments, a modified Raymond Roy Occlusion (mRRO) grade I/II 136 

was observed in 91·8% patients at follow-up. Of 52 mechanical thrombectomy, a TICI score > 2b 137 

was achieved in 76·9% patients.  138 

The rate of transfemoral (TF) conversion was 4·7% and was significantly higher in 139 

therapeutic procedures compared to diagnostic angiograms (9·2% vs. 2·7, p=0·01). The most 140 
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common reasons for conversion were anatomic variants (0·8%), vascular tortuosity (0·7%), and 141 

failure to catheterize left-sided supra-aortic vessels (0·7%).  142 

Major access site complications occurred at a rate of 0·9%, including radial artery spasm 143 

(RAS) and radial artery occlusion (RAO) at an incidence of 0·4% and 0·1% (one patient 144 

identified), respectively. Radial artery extravasation was managed with pressure applied to the 145 

forearm while monitoring the oxygen saturation via a pulse oximeter. The single case of 146 

psudoaneurysm required surgical resection due to the delayed diagnosis. There was no significant 147 

difference in access site complications between therapeutic and non-therapeutic procedures (1 148 

[0·4%] vs. 6 [1·2%]; p=0·43). Major procedure-related complications occurred at a rate of 0·8%, 149 

including 0.5% of cases of stroke/TIA and 0·3% cases of intracerebral hemorrhage. Minor 150 

procedure-related complications occurred in 0·3% of patients. (Table 1C, Figure 1A & 1B) 151 

 152 

Number of Procedures Per Patient 153 

Of the 614 patients, 81·1% underwent one procedure, 14·0% underwent two procedures, 154 

4·2% underwent three procedures, and 0·5% underwent four procedures. Amongst patients who 155 

underwent multiple procedures, the same access site and an alternative access site were used in 156 

40·0% and 60·0% of patients, respectively.  157 

A comparative analysis was performed between four groups of patients based on the total 158 

number of procedures per patient. There was no significant difference in contrast dose per vessel 159 

(p=0·71), radiation exposure per vessel (p=0·18), fluoroscopy time per vessel (p=0·15), rate of 160 

access site complications (p=0·10), or TF conversion rate (p=0·45). (Table 2A) 161 

 162 

Multiple Procedures & Access Site  163 
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A comparative analysis was performed for patients that underwent repeat procedures using 164 

the same access site (60·0%) vs. an alternative access site (40·0%). There was no significant 165 

difference in the contrast dose per vessel (p=0·39), radiation exposure per vessel (p=0·98), 166 

fluoroscopy time per vessel (p=0·19), or rates of access site complications (p=0·32). There was a 167 

statistical significance for a higher rate of transfemoral conversions (14·5% vs. 0·0%; p=0·01) in 168 

repeat procedures performed using the same access site. (Figure 2) 169 

 170 

Laterality in Non-Therapeutic Procedures 171 

A comparative analysis was performed between non-therapeutic procedures between right 172 

and left-sided access. There was no significant difference in contrast dose per vessel (p=0·34), 173 

radiation exposure per vessel (p=0·22), fluoroscopy time per vessel (p=0·15), access site 174 

complication rate (p=0·80), or TF conversion rate (p=0·58). (Table 2B) 175 

 176 

Conventional Transradial vs. Distal Transradial in Therapeutic Procedures 177 

A comparative analysis was performed between therapeutic procedures using cTRA and 178 

dTRA. There was no significant difference in radiation exposure per vessel (p=0·14), access site 179 

complication rate (p=1·00), or TF conversion rate (p=0·09). The cTRA group had a significantly 180 

higher mean contrast dose per vessel (p=0·01), and a significantly higher mean fluoroscopy time 181 

per vessel (p=0·01). (Table 2C) 182 

 183 

Conventional Transradial vs. Distal Transradial in Non-Therapeutic Procedures 184 

A comparative analysis was performed between non-therapeutic procedures performed 185 

using cTRA and dTRA. There was no significant difference in contrast dose per vessel (p=0·07), 186 
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access site complication rate (p=0·40), or TF conversion (p=0·37). The cTRA group had a 187 

significantly higher mean radiation exposure per vessel (p=0·02), and significantly higher mean 188 

fluoroscopy time per vessel (p=0·02). (Table 2D) 189 

 190 

Discussion 191 

 192 

Findings Summary 193 

In the present study, we aimed to assess the safety and efficacy of neuroendovascular 194 

procedures performed via radial artery catheterization. This is an extensive single-center case 195 

series involving neuroendovascular procedures via RA access, including both diagnostic 196 

angiograms and wide-ranging interventions.  197 

There was no significant difference in access site complications between patients 198 

undergoing diagnostic and interventional procedures, which signify that complex treatments, 199 

which require larger-bore catheters, can be effectively carried out via radial artery access. There 200 

was also no significant difference in access site complications or conversion rates in patients 201 

undergoing multiple procedures, suggesting that radial artery access can be safely used for multiple 202 

procedures. However, the rate of transfemoral conversion was significantly higher in repeat 203 

procedures completed using the same access site as compared to an alternative access site (14·5% 204 

vs. 0·0%, p=0·01). Additionally, there was no significant difference in performance measures 205 

compared to right-sided access. Operators can achieve optimal performance by suprassing the 206 

learning curve, after completing 14 procedures. (Figure 3) 207 

 208 

Diagnostic Cerebral Angiography 209 
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Several retrospective studies have demonstrated the feasibility and safety of TRA for 210 

cerebral angiography.7,20,21 Snelling et al. reported a technical success rate of 99·3%, with no major 211 

complications, and a transfemoral conversion rate of 4.7%.7 In a prospective non-inferiority study, 212 

Stone et al. found no significant difference in the primary outcome (97·0% vs. 99·0%, p=0·27) or 213 

complication rates (2·5% vs. 5·8%, p=0·14) between right TRA and TFA.21 There was a difference 214 

in fluoroscopy time between the two cohorts (14·8 vs. 11·8 min, p=0·001), but this had no clinical 215 

consequence as there was no difference in radiation exposure (1631 vs. 1510 mGy, p=0·11). 216 

Transfemoral conversion was required in 2·9% of procedures. In the present study, there was a 217 

similar rate of technical success (97·6%) and TF conversion (2·7%) as well as a lower mean 218 

fluoroscopy time (11·1 min) than both studies. (Video 1) 219 

 220 

Therapeutic Neuroendovascular Procedures 221 

Ultimately, the benchmark of transitioning to TRA is to achieve the same treatment 222 

outcomes as with TFA with similar procedural times and rates of periprocedural complications. 223 

Previous studies have demonstrated the feasibility and safety of TRA for cerebral aneurysm 224 

embolization, mechanical thrombectomy, carotid-artery stenting, and etc. 9,22-31 Recently, Chivot 225 

et al. reported outcomes of aneurysm embolization via TRA, including a technical success rate of 226 

96·9%, with no patients experiencing permanent neurological complications.25 In the present 227 

study, 91·8% of patients with follow-up showed an mRRO I/II on the latest imaging, further 228 

supporting the efficacy of TRA for cerebral aneurysm embolization. Chen et al. compared 229 

outcomes of mechanical thrombectomy in TRA and TFA groups and found no significant 230 

difference in technical or clinical outcomes.28 Khanna et al. also reported time to reperfusion and 231 

revascularization rates with TRA similar to that of TFA.32,33 In the present study, TICI > 2b was 232 
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achieved in 78·9%, and with a total mean procedure duration of 60 mins, including converted 233 

cases. Finally, the RADCAR trial for CAS showed no significant differences in procedural metrics 234 

or major adverse events between TRA and TFA.34 In the present study, there was a 100% technical 235 

success rate and no major neurologic complications. 236 

The rate of TF conversion in therapeutic procedures was 9·2%, which is almost four folds 237 

higher than the diagnostic procedure. There are inherent limitations of the TRA approach, which 238 

becomes more evident in therapeutic procedures, especially with the current lack of radial specific 239 

catheters. The laterality of the pathology, the arch anatomy, the type of devices required, and the 240 

amount of proximal support are essential factors that should be considered in planning for 241 

therapeutic procedures. Pathologies located in the left supra-aortic vessels may be very challenging 242 

to access using the right radial approach. An angled catheter with a more extended distal tip allows 243 

a more manageable selection of the left supra-aortic vessels. Also, left radial access provides a 244 

shorter direct trajectory to select the left vertebral artery. When larger devices are required, a 245 

sheathless system may be employed where the guiding sheath may also serve as additional 246 

proximal support. (Video 2) 247 

 248 

Left Transradial Access 249 

Left transradial access has also recently gained attention in cerebral angiography. In a 250 

multicenter study, Barros et al. demonstrated the feasibility and safety of left TRA for both non-251 

therapeutic and therapeutic neuroendovascular procedures.35 The mean fluoroscopy time per 252 

vessel was four minutes and 45·9 minutes, and TF conversion occurred at a rate of 8·3% and 7·7% 253 

for diagnostic and therapeutic procedures, respectively. However, the overall conversion rate was 254 

4·0% (1/25). In the present study, the mean fluoroscopy time per vessel was 6·1 minutes, and there 255 
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were no cases of access complications or conversion when using left TRA for non-therapeutic 256 

procedures. There was no significant difference in all procedural metrics between left and right 257 

TRA for non-therapeutic procedures. These results further support the technical feasibility and 258 

safety of the left TRA. However, with limitations, for the treatment of challenging left-sided 259 

pathologies or in the setting when right-sided TRA is not feasible.  260 

It is exceptionally paramount to acknowledge the limitations of the left radial approach, 261 

especially in emergency conditions. Catheterizing the left ICA and external carotid artery (ECA) 262 

may be extremely challenging due to the acute angle between the left subclavian artery and the left 263 

common carotid artery (CCA). The development of catheters designed explicitly for radial access 264 

may alleviate such limitations. Another limitation is the distance between the access site and the 265 

operator, which is more evident in obese patients.   266 

 267 

Distal Transradial Access 268 

dTRA is an alternative access site that allows keeping the cTRA intact for subsequent 269 

procedures. Moreover, it decreases the risk, although very low, of radial artery occlusion and, 270 

ultimately, hand or thumb ischemia. The prime usage of the dTRA is for diagnostic procedures; 271 

however, when the vessel caliber allows, therapeutic procedures may be performed. We usually 272 

use either a 5-Fr or a 6-Fr sheath for dTRA. Several neurointerventional studies published have 273 

demonstrated the feasibility, safety, and efficacy of dTRA in both non-therapeutic and therapeutic 274 

neuroendovascular procedures.36-40 Brunet et al. demonstrated the feasibility of dTRA for 275 

diagnostic cerebral angiography reporting conversion to cTRA or TFA in 8·2% and a mean 276 

fluoroscopy time per vessel of 2·6 minutes.36 In the present study, the mean fluoroscopy time per 277 

vessel was 4·4 minutes, access complications occurred in 0·5%, and the conversion rate was 1·5% 278 

for dTRA in non-therapeutic procedures. There was no significant difference in access 279 

complications (p=0·70) or conversion rate (p=0·37) when compared to cTRA. 280 
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As for therapeutic procedures performed using the dTRA, Kuhn et al. demonstrated the 281 

safety and efficacy of a variety of therapeutic neuroendovascular procedures.39 Technical success 282 

was achieved in 89·6%, and 10·4% of cases required conversion mainly due to tortuous anatomy 283 

and limited support in the aortic arch. In the present study, TF conversion occurred at a rate of 284 

25·0% due to pathologies requiring endovenous access.  285 

 286 

Multiple Procedures: Same vs. Alternative Access 287 

The small size of the radial artery (2·3 ± 0·4 mm, 6·6 mm femoral artery)  is a significant 288 

limitation when larger devices are required or in case of repetitive procedures.41-43 Repetitive 289 

procedures, especially if the ratio of sheath size to radial size is not respected, may result in a 290 

progressive luminal narrowing of the RA.44 Several studies have described the changes inflicted 291 

by radial access to the endothelium including intimal damage, inflammation, and dissection.45-49 292 

Yoo et al. found that repeat TRA resulted in a significant reduction in RA diameter and increased 293 

risk of RAO.50 Interventional cardiology literature has demonstrated the feasibility and safety in 294 

up to ten repeat TRA procedures. However, linear regression analysis estimated a 5·0% failure 295 

rate for each repeated attempt.51 Although these concepts may be applied to neuroendovascular 296 

procedures, neurointerventions may require larger device systems. Chen et al. demonstrated the 297 

feasibility and safety of repeat TRA in up to six successive neuroendovascular procedures.52 In the 298 

present study, the maximal number of repeat procedures per patient were four procedures, and 299 

because of that, our outcomes should be interpreted with caution. We did not observe any 300 

significant difference in procedural metrics, access site complications, and TF conversion across 301 

the four groups. However, there was a statistically significant difference in TF conversion (15·9% 302 
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vs. 0·0%, p=0·01) when repeat procedures were performed using alternative access compared to 303 

the same access site.    304 

 305 

Advantages of TRA 306 

TRA may be particularly advantageous in the setting of specific vascular anatomies. In 307 

neurointerventions requiring navigation of the left carotid artery in a bovine arch, the common 308 

origin of the innominate artery and left CCA enables direct catheterization of the left CCA without 309 

forming the Simmons catheter in the aortic arch. In the setting of elongated or tortuous aortic 310 

arches (type II or III), catheterization of arch vessels from a transfemoral approach may be 311 

particularly challenging.53 A transradial approach may enable more direct vessel catheterization, 312 

especially for right-sided vessels as the catheter does not need to be reformed.23 Posterior 313 

circulation interventions are even more straightforward using a transradial approach,23 which may 314 

reduce time to revascularization in the setting of vertebrobasilar occlusions.27 Additional 315 

populations that may benefit from TRA are the elderly, patients on anticoagulation or tissue 316 

plasminogen, pregnant patients (less fetal radiation exposure), severely obese patients (pannus), 317 

and patients with severe iliofemoral atherosclerotic disease.54-56  318 

Typical transradial neuroendovascular procedures are performed with right-sided access, 319 

yet left-sided TRA also has unique advantages, mostly based on pathology location and anatomic 320 

limitations.35 The left vertebral artery, dominant in most patients,57 can be accessed with relative 321 

ease, and without reforming the catheter from a left transradial approach. Left TRA may also be 322 

advantageous in patients with right subclavian tortuosity, which has been shown to have a higher 323 

incidence than the left in clinical trials.58,59  324 

dTRA can be viewed as a slight modification or refinement of cTRA.60 Recent 325 

interventional cardiology literature regarding dTRA suggest a decreased risk of RAO and ischemic 326 
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hand events as well as improved patient-operator ergonomics compared to cTRA.60-66 As RAO 327 

classically occurs at the puncture site, puncture of the distal RA within the anatomic snuffbox 328 

would preserve perfusion of the superficial palmar branch if distal RAO were to occur. Therefore, 329 

the risk of hand ischemia is limited, and the RA is preserved for future TRA or surgical grafting 330 

even in the setting of distal RAO.36,37  Improvement in patient-operator ergonomics results from 331 

the patient's neutral hand position as procedures via dTRA does not require the supination of the 332 

hand. This is particularly true for cases using left-sided access as the hand can be comfortably 333 

draped across the body.36,67  334 

 335 

Complications and Management 336 

Although low risk, several complications are associated with TRA, such as RAS, RAO, 337 

pseudoaneurysm, perforation and hematoma formation or compartment syndrome, and distal 338 

embolization.68,69 RAS has been reported to occur in 4%-20% of TRA procedures.70 RAS typically 339 

manifests at the start of the procedure preventing RA access, which may result in a transfemoral 340 

conversion or procedural failure. Factors that may increase the risk of RAS include small radial 341 

artery diameters, repetitive friction with catheter manipulation/exchanges, patient discomfort (pain 342 

and anxiety), guidewire entrance into side branches, and unsuccessful access attempts.71-75 In 343 

randomized controlled trials, the use of a hydrophilic coated sheath significantly decreased the rate 344 

of RAS potentially due to reduced patient discomfort and repetitive friction against the RA 345 

intima.73,76  346 

If intraprocedural (post-cannulation)  RAS were to occur, nitroglycerin and verapamil may 347 

be promptly administered through the sheath or guide. Additional sedation and analgesia may also 348 

facilitate resolution.71,77 Additional RA vasodilation may be achieved via warm compress, ulnar 349 

artery compression, or by inflating a cuff around the arm that would cause ischemia and 350 

subsequently vasodilation, flow-mediated dilatation/reactive hyperemia, and/or spasmolytic 351 

subcutaneous injection.71,77,78 If the catheter encounters significant resistance and is unable to be 352 

removed, general anesthesia or regional nerve block may be required.41,71  353 



 

 17 

RAO is a significant post-operative complication of TRA, which has been reported to occur 354 

in one to six percent of procedures.41,63,79-81 RAO is usually asymptomatic due to ulnar-palmar 355 

collaterals. However, the persistence of RAO renders the RA unviable for future TRA or surgical 356 

grafting.36 Previously reported risk factors include a high sheath to RA diameter ratio, compression 357 

time and pressure (occlusive hemostasis), heparin dose, procedural duration, diabetes, low body 358 

mass index, and female sex.82-84 Saito et al. reported a significant reduction in the incidence of 359 

RAO when the RA inner diameter to sheath outer diameter ratio was > 1.85 Previous studies, 360 

including randomized trials, have demonstrated that modern patent hemostasis techniques, 361 

including ulnar compression, significantly reduce the prevalence of RAO to approximately 362 

1·0%.86-89 In patients requiring more than one procedure, we also suggest considering an 363 

alternative access site when possible. 364 

Challenges and Limitations of TRA 365 

Anatomic nuances specific to TRA may affect the operator’s ability to catheterize the 366 

supra-aortic vessel such as RA anomalies and tortuosity, severe subclavian tortuosity, arteria 367 

lusoria, and aortic arch type.7,41,71 RA anomalies have been reported in approximately 13·8% of 368 

patients and are associated with an increased risk of TRA procedural failure (14·2% versus 369 

0·9%).90 High-bifurcation radial origins require navigation of an elongated smaller RA diameter, 370 

which may contribute to RAS. In this setting, a more extended sheath may be advantageous.71 371 

Radial artery loops also pose a challenge, especially when accompanied by a recurrent RA branch 372 

at the loop apex as wire advancement into the recurrent RA may cause perforation.41,90 Proper 373 

identification and artery selection on angiographic roadmap before wire advancement is essential 374 

to prevent vasospasm, perforation, or avulsion of the recurrent branch.41,71  375 

Severe subclavian artery tortuosity is associated with difficult catheterization of supra-376 

aortic vessels as the additional turns/loops decrease the translational force. This may lead to higher 377 

radiation exposure and prolonged catheter manipulation with an increased risk of RAS, 378 

thromboembolism, vessel dissection, and catheter kinking.71 Severe subclavian artery tortuosity 379 

has an incidence of approximately 6-10%,91 which can often be managed with deep inspiration, 380 
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leftward cephalic rotation, and upward chin tilt.92 A longer vascular sheath may also be 381 

advantageous in these cases. Additionally, left TRA may be considered in patients with right 382 

subclavian tortuosity, which has been shown to have a higher incidence than the left in clinical 383 

trials.58,59 Arteria lusoria, an aberrant right subclavian artery, has a prevalence of approximately 384 

0·6-1·4%, often causing repeated entry of the guidewire/catheter into the descending aorta.71,93 385 

Although type III aortic arches may enable more direct catheterization via TRA, the more 386 

inferior location of the brachiocephalic artery may make selecting the descending aorta 387 

challenging. Reforming the catheter in the CCA or ascending aorta may be required.7,23 (Video 3) 388 

Additionally, left-sided interventions can be challenging due to lack of support and catheters 389 

engineered explicitly for the forward loads experienced during transradial neurointervention, 390 

especially in the setting of tortuosity or type III aortic arch.23 The left vertebral artery may be 391 

particularly challenging via right TRA with a Simmons 2 catheter but is relatively more 392 

straightforward with the longer distal limb of a Simmons 3 catheter.7 If left vertebral artery access 393 

is required, it may be accessed with relative ease via left TRA.35 394 

  395 

 There are several limitations to the interpretation of our data.  Primarily, this is a 396 

retrospective, non-randomized study.  Therefore, there may be other forms of bias regarding 397 

patient selection that are not captured by the data.  Additionally, data was not collected in a 398 

prospective, standardized fashion.  As such, there are some patients with missing information, 399 

which may bias the results based on the data that is available.  Lastly, patients did not receive 400 

routenly a follow-up imaging to assess the patency of the radial artery. Despite this, the results 401 

from our analysis are consistent with previous studies.   402 

  403 

 404 

Conclusion 405 

Radial artery catheterization is a safe and effective means of carrying out a wide-range of 406 

neuroendovascular procedures associated with excellent clinical outcomes and an overall low rate 407 
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of periprocedural complications. Some limitations and challenges should be acknowledged, and a 408 

learning curve to accomplish optimal safe outcomes.   409 



 

 20 

References 410 

 411 

1. Jolly SS, Yusuf S, Cairns J, et al. Radial versus femoral access for coronary angiography 412 

and intervention in patients with acute coronary syndromes (RIVAL): a randomised, 413 

parallel group, multicentre trial. Lancet. 2011;377(9775):1409-1420. 414 

2. Mitchell MD, Hong JA, Lee BY, Umscheid CA, Bartsch SM, Don CW. Systematic 415 

review and cost-benefit analysis of radial artery access for coronary angiography and 416 

intervention. Circ Cardiovasc Qual Outcomes. 2012;5(4):454-462. 417 

3. Mann JT, 3rd, Cubeddu MG, Schneider JE, Arrowood M. Right Radial Access for 418 

PTCA: A Prospective Study Demonstrates Reduced Complications and Hospital Charges. 419 

J Invasive Cardiol. 1996;8 Suppl D:40D-44D. 420 

4. Brueck M, Bandorski D, Kramer W, Wieczorek M, Holtgen R, Tillmanns H. A 421 

randomized comparison of transradial versus transfemoral approach for coronary 422 

angiography and angioplasty. JACC Cardiovasc Interv. 2009;2(11):1047-1054. 423 

5. Caputo RP, Tremmel JA, Rao S, et al. Transradial arterial access for coronary and 424 

peripheral procedures: executive summary by the Transradial Committee of the SCAI. 425 

Catheter Cardiovasc Interv. 2011;78(6):823-839. 426 

6. Snelling BM, Sur S, Shah SS, Marlow MM, Cohen MG, Peterson EC. Transradial access: 427 

lessons learned from cardiology. J Neurointerv Surg. 2018;10(5):487-492. 428 

7. Snelling BM, Sur S, Shah SS, et al. Transradial cerebral angiography: techniques and 429 

outcomes. J Neurointerv Surg. 2018;10(9):874-881. 430 

8. Haussen DC, Nogueira RG, DeSousa KG, et al. Transradial access in acute ischemic 431 

stroke intervention. J Neurointerv Surg. 2016;8(3):247-250. 432 

9. Sur S, Snelling B, Khandelwal P, et al. Transradial approach for mechanical 433 

thrombectomy in anterior circulation large-vessel occlusion. Neurosurg Focus. 434 

2017;42(4):E13. 435 

10. Chase AJ, Fretz EB, Warburton WP, et al. Association of the arterial access site at 436 

angioplasty with transfusion and mortality: the M.O.R.T.A.L study (Mortality benefit Of 437 

Reduced Transfusion after percutaneous coronary intervention via the Arm or Leg). 438 

Heart. 2008;94(8):1019-1025. 439 

11. Jolly SS, Amlani S, Hamon M, Yusuf S, Mehta SR. Radial versus femoral access for 440 

coronary angiography or intervention and the impact on major bleeding and ischemic 441 

events: a systematic review and meta-analysis of randomized trials. Am Heart J. 442 

2009;157(1):132-140. 443 

12. Wang YB, Fu XH, Wang XC, et al. Randomized comparison of radial versus femoral 444 

approach for patients with STEMI undergoing early PCI following intravenous 445 

thrombolysis. J Invasive Cardiol. 2012;24(8):412-416. 446 

13. Kok MM, Weernink MGM, von Birgelen C, Fens A, van der Heijden LC, van Til JA. 447 

Patient preference for radial versus femoral vascular access for elective coronary 448 

procedures: The PREVAS study. Catheter Cardiovasc Interv. 2018;91(1):17-24. 449 

14. Almallouhi E, Al Kasab S, Sattur MG, et al. Incorporation of transradial approach in 450 

neuroendovascular procedures: defining benchmarks for rates of complications and 451 

conversion to femoral access. J Neurointerv Surg. 2020. 452 

15. Jolly SS, Yusuf S, Cairns J, et al. Radial versus femoral access for coronary angiography 453 

and intervention in patients with acute coronary syndromes (RIVAL): a randomised, 454 

parallel group, multicentre trial. The Lancet. 2011;377(9775):1409-1420. 455 



 

 21 

16. Kolkailah AA, Alreshq RS, Muhammed AM, Zahran ME, Anas El-Wegoud M, Nabhan 456 

AF. Transradial versus transfemoral approach for diagnostic coronary angiography and 457 

percutaneous coronary intervention in people with coronary artery disease. Cochrane 458 

Database Syst Rev. 2018;4:CD012318. 459 

17. Mamas MA, Tosh J, Hulme W, et al. Health Economic Analysis of Access Site Practice 460 

in England During Changes in Practice: Insights From the British Cardiovascular 461 

Interventional Society. Circ Cardiovasc Qual Outcomes. 2018;11(5):e004482. 462 

18. Valgimigli M, Gagnor A, Calabro P, et al. Radial versus femoral access in patients with 463 

acute coronary syndromes undergoing invasive management: a randomised multicentre 464 

trial. Lancet. 2015;385(9986):2465-2476. 465 

19. Bhat FA, Changal KH, Raina H, Tramboo NA, Rather HA. Transradial versus 466 

transfemoral approach for coronary angiography and angioplasty - A prospective, 467 

randomized comparison. BMC Cardiovasc Disord. 2017;17(1):23. 468 

20. Khanna O, Sweid A, Mouchtouris N, et al. Radial Artery Catheterization for 469 

Neuroendovascular Procedures. Stroke. 2019;50(9):2587-2590. 470 

21. Stone JG, Zussman BM, Tonetti DA, et al. Transradial versus transfemoral approaches 471 

for diagnostic cerebral angiography: a prospective, single-center, non-inferiority 472 

comparative effectiveness study. J Neurointerv Surg. 2020. 473 

22. Goland J, Doroszuk GF, Garbugino SL, Ypa MP. Transradial approach to treating 474 

endovascular cerebral aneurysms: Case series and technical note. Surg Neurol Int. 475 

2017;8:73. 476 

23. Snelling BM, Sur S, Shah SS, et al. Transradial Approach for Complex Anterior and 477 

Posterior Circulation Interventions: Technical Nuances and Feasibility of Using Current 478 

Devices. Oper Neurosurg (Hagerstown). 2019;17(3):293-302. 479 

24. Chen SH, Snelling BM, Shah SS, et al. Transradial approach for flow diversion treatment 480 

of cerebral aneurysms: a multicenter study. J Neurointerv Surg. 2019;11(8):796-800. 481 

25. Chivot C, Bouzerar R, Yzet T. Transitioning to Transradial Access for Cerebral 482 

Aneurysm Embolization. AJNR Am J Neuroradiol. 2019;40(11):1947-1953. 483 

26. Sweid A, Starke RM, Herial N, et al. Transradial approach for the treatment of brain 484 

aneurysms using flow diversion: feasibility, safety, and outcomes. J Neurosurg Sci. 485 

2019;63(5):509-517. 486 

27. Maud A, Khatri R, Chaudhry MRA, Vellipuram A, Cruz-Flores S, Rodriguez GJ. 487 

Transradial Access Results in Faster Skin Puncture to Reperfusion Time than 488 

Transfemoral Access in Posterior Circulation Mechanical Thrombectomy. J Vasc Interv 489 

Neurol. 2019;10(3):53-57. 490 

28. Chen SH, Snelling BM, Sur S, et al. Transradial versus transfemoral access for anterior 491 

circulation mechanical thrombectomy: comparison of technical and clinical outcomes. 492 

Journal of NeuroInterventional Surgery. 2019;11(9):874-878. 493 

29. Khanna O, Mouchtouris N, Sweid A, et al. Transradial approach for acute stroke 494 

intervention: technical procedure and clinical outcomes. Stroke and Vascular Neurology. 495 

2019. 496 

30. Ruzsa Z, Nemes B, Pinter L, et al. A randomised comparison of transradial and 497 

transfemoral approach for carotid artery stenting: RADCAR (RADial access for CARotid 498 

artery stenting) study. EuroIntervention. 2014;10(3):381-391. 499 



 

 22 

31. Mendiz OA, Fava C, Lev G, Caponi G, Valdivieso L. Transradial Versus Transfemoral 500 

Carotid Artery Stenting: A 16-Year Single-Center Experience. Journal of Interventional 501 

Cardiology. 2016;29(6):588-593. 502 

32. Khanna O, Mouchtouris N, Sweid A, et al. Transradial approach for acute stroke 503 

intervention: technical procedure and clinical outcomes. Stroke and Vascular Neurology. 504 

2019:svn-2019-000263. 505 

33. Khanna O, Velagapudi L, Das S, et al. A comparison of radial versus femoral artery 506 

access for acute stroke interventions. J Neurosurg. 2020:1-6. 507 

34. Ruzsa Z, Nemes B, Pinter L, et al. A randomised comparison of transradial and 508 

transfemoral approach for carotid artery stenting: RADCAR (RADial access for CARotid 509 

artery stenting) study. EuroIntervention: journal of EuroPCR in collaboration with the 510 

Working Group on Interventional Cardiology of the European Society of Cardiology. 511 

2014;10(3):381-391. 512 

35. Barros G, Bass DI, Osbun JW, et al. Left transradial access for cerebral angiography. J 513 

Neurointerv Surg. 2019. 514 

36. Brunet MC, Chen SH, Sur S, et al. Distal transradial access in the anatomical snuffbox 515 

for diagnostic cerebral angiography. J Neurointerv Surg. 2019;11(7):710-713. 516 

37. Patel P, Majmundar N, Bach I, et al. Distal Transradial Access in the Anatomic Snuffbox 517 

for Diagnostic Cerebral Angiography. AJNR Am J Neuroradiol. 2019;40(9):1526-1528. 518 

38. Goland J, Domitrovic L, Doroszuk G, Garbugino S, Ypa P. Distal radial approach for 519 

neurointerventional diagnosis and therapy. Surg Neurol Int. 2019;10:211. 520 

39. Kuhn AL, de Macedo Rodrigues K, Singh J, Massari F, Puri AS. Distal radial access in 521 

the anatomical snuffbox for neurointerventions: a feasibility, safety, and proof-of-concept 522 

study. J Neurointerv Surg. 2020. 523 

40. Al Saiegh F, Mouchtouris N, Sweid A, et al. Placement of the Woven EndoBridge 524 

(WEB) device via distal transradial access in the anatomical snuffbox: A technical note. J 525 

Clin Neurosci. 2019;69:261-264. 526 

41. Patel P, Haussen DC, Nogueira RG, Khandelwal P. The Neuro Radialist. Interv Cardiol 527 

Clin. 2020;9(1):75-86. 528 

42. Beniwal S, Bhargava K, Kausik SK. Size of distal radial and distal ulnar arteries in adults 529 

of southern Rajasthan and their implications for percutaneous coronary interventions. 530 

Indian Heart J. 2014;66(5):506-509. 531 

43. Spector KS, Lawson WE. Optimizing safe femoral access during cardiac catheterization. 532 

Catheter Cardiovasc Interv. 2001;53(2):209-212. 533 

44. Staniloae CS, Mody KP, Sanghvi K, et al. Histopathologic changes of the radial artery 534 

wall secondary to transradial catheterization. Vasc Health Risk Manag. 2009;5(3):527-535 

532. 536 

45. Kamiya H, Ushijima T, Kanamori T, et al. Use of the radial artery graft after transradial 537 

catheterization: is it suitable as a bypass conduit? The Annals of thoracic surgery. 538 

2003;76(5):1505-1509. 539 

46. Staniloae CS, Mody KP, Sanghvi K, et al. Histopathologic changes of the radial artery 540 

wall secondary to transradial catheterization. Vascular health and risk management. 541 

2009;5:527. 542 

47. Wakeyama T, Ogawa H, Iwami T, et al. Distal radial arterial hypertrophy after transradial 543 

intervention: a serial intravascular ultrasound study. Journal of cardiology. 544 

2018;72(6):501-505. 545 



 

 23 

48. Yonetsu T, Kakuta T, Lee T, et al. Assessment of acute injuries and chronic intimal 546 

thickening of the radial artery after transradial coronary intervention by optical coherence 547 

tomography. European heart journal. 2010;31(13):1608-1615. 548 

49. Mazur MM, Gilchrist IC. Residual damage in previously instrumented radial arteries. 549 

In:2018. 550 

50. Yoo BS, Lee SH, Ko JY, et al. Procedural outcomes of repeated transradial coronary 551 

procedure. Catheter Cardiovasc Interv. 2003;58(3):301-304. 552 

51. Abdelaal E, Molin P, Plourde G, et al. Successive transradial access for coronary 553 

procedures: experience of Quebec Heart-Lung Institute. Am Heart J. 2013;165(3):325-554 

331. 555 

52. Chen SH, Brunet MC, Sur S, Yavagal DR, Starke RM, Peterson EC. Feasibility of repeat 556 

transradial access for neuroendovascular procedures. J Neurointerv Surg. 2019. 557 

53. Burzotta F, Nerla R, Pirozzolo G, et al. Clinical and procedural impact of aortic arch 558 

anatomic variants in carotid stenting procedures. Catheter Cardiovasc Interv. 559 

2015;86(3):480-489. 560 

54. Aggarwal G, Lippi G, Michael Henry B. Cerebrovascular disease is associated with an 561 

increased disease severity in patients with Coronavirus Disease 2019 (COVID-19): A 562 

pooled analysis of published literature. Int J Stroke. 2020;15(4):385-389. 563 

55. Khanna O, Mouchtouris N, Sweid A, et al. Transradial approach for acute stroke 564 

intervention: technical procedure and clinical outcomes. Stroke Vasc Neurol. 565 

2020;5(1):103-106. 566 

56. Shah SS, Snelling BM, Brunet MC, et al. Transradial mechanical thrombectomy for 567 

proximal middle cerebral artery occlusion in a first trimester pregnancy: case report and 568 

literature review. World Neurosurgery. 2018;120:415-419. 569 

57. Hong JM, Chung CS, Bang OY, Yong SW, Joo IS, Huh K. Vertebral artery dominance 570 

contributes to basilar artery curvature and peri-vertebrobasilar junctional infarcts. J 571 

Neurol Neurosurg Psychiatry. 2009;80(10):1087-1092. 572 

58. Norgaz T, Gorgulu S, Dagdelen S. A randomized study comparing the effectiveness of 573 

right and left radial approach for coronary angiography. Catheter Cardiovasc Interv. 574 

2012;80(2):260-264. 575 

59. Shah RM, Patel D, Abbate A, Cowley MJ, Jovin IS. Comparison of transradial coronary 576 

procedures via right radial versus left radial artery approach: A meta-analysis. Catheter 577 

Cardiovasc Interv. 2016;88(7):1027-1033. 578 

60. Valsecchi O, Vassileva A, Cereda AF, et al. Early Clinical Experience With Right and 579 

Left Distal Transradial Access in the Anatomical Snuffbox in 52 Consecutive Patients. J 580 

Invasive Cardiol. 2018;30(6):218-223. 581 

61. Babunashvili A. TCT-810 Novel distal transradial approach for coronary and peripheral 582 

interventions. J Am Coll Cardiol. 2018;72(13):B323. 583 

62. Al-Azizi KM, Lotfi AS. The distal left radial artery access for coronary angiography and 584 

intervention: A new era. Cardiovasc Revasc Med. 2018;19(8S):35-40. 585 

63. Soydan E, Akin M. Coronary angiography using the left distal radial approach - An 586 

alternative site to conventional radial coronary angiography. Anatol J Cardiol. 587 

2018;19(4):243-248. 588 

64. Amin MR, Singha CK, Banerjee SK, et al. Comparison of Distal Transradial in the 589 

Anatomical Snuffbox versus Conventional Transradial Access for Coronary Angiography 590 



 

 24 

and Intervention-An Experience in 100 cases. University Heart Journal. 2018;13(2):40-591 

45. 592 

65. Ziakas A, Koutouzis M, Didagelos M, et al. Right arm distal transradial (snuffbox) access 593 

for coronary catheterization: Initial experience. Hellenic J Cardiol. 2018. 594 

66. Koutouzis M, Kontopodis E, Tassopoulos A, et al. Distal Versus Traditional Radial 595 

Approach for Coronary Angiography. Cardiovasc Revasc Med. 2019;20(8):678-680. 596 

67. McCarthy DJ, Chen SH, Brunet MC, Shah S, Peterson E, Starke RM. Distal Radial 597 

Artery Access in the Anatomical Snuffbox for Neurointerventions: Case Report. World 598 

Neurosurg. 2019;122:355-359. 599 

68. Kanei Y, Kwan T, Nakra NC, et al. Transradial cardiac catheterization: a review of 600 

access site complications. Catheter Cardiovasc Interv. 2011;78(6):840-846. 601 

69. Al-Sekaiti R, Ali M, Sallam M. Radial artery perforation after coronary intervention: is 602 

there a role for covered coronary stent? Catheter Cardiovasc Interv. 2011;78(4):632-635. 603 

70. Ho HH, Jafary FH, Ong PJ. Radial artery spasm during transradial cardiac catheterization 604 

and percutaneous coronary intervention: incidence, predisposing factors, prevention, and 605 

management. Cardiovasc Revasc Med. 2012;13(3):193-195. 606 

71. Brunet MC, Chen SH, Peterson EC. Transradial access for neurointerventions: 607 

management of access challenges and complications. J Neurointerv Surg. 2020;12(1):82-608 

86. 609 

72. Kristic I, Lukenda J. Radial artery spasm during transradial coronary procedures. J 610 

Invasive Cardiol. 2011;23(12):527-531. 611 

73. Rathore S, Stables RH, Pauriah M, et al. Impact of length and hydrophilic coating of the 612 

introducer sheath on radial artery spasm during transradial coronary intervention: a 613 

randomized study. JACC Cardiovasc Interv. 2010;3(5):475-483. 614 

74. Jia D-a, Zhou Y-j, Shi D-m, et al. Incidence and predictors of radial artery spasm during 615 

transradial coronary angiography and intervention. Chinese medical journal. 616 

2010;123(7):843-847. 617 

75. Fukuda N, Iwahara S-i, Harada A, et al. Vasospasms of the radial artery after the 618 

transradial approach for coronary angiography and angioplasty. Japanese heart journal. 619 

2004;45(5):723-731. 620 

76. Caussin C, Gharbi M, Durier C, et al. Reduction in spasm with a long hydrophylic 621 

transradial sheath. Catheter Cardiovasc Interv. 2010;76(5):668-672. 622 

77. Chugh SK, Chugh Y, Chugh S. How to tackle complications in radial procedures: tip and 623 

tricks. Indian heart journal. 2015;67(3):275-281. 624 

78. Ying L, Xu K, Gong X, et al. Flow-mediated dilatation to relieve puncture-induced radial 625 

artery spasm: A pilot study. Cardiol J. 2018;25(1):1-6. 626 

79. Mouchtouris N, Al Saiegh F, Sweid A, et al. Transradial Access for Newly Food and 627 

Drug Administration-Approved Devices for Endovascular Treatment of Cerebral 628 

Aneurysms: A Technical Note. World Neurosurg. 2019;131:6-9. 629 

80. Pancholy SB, Bernat I, Bertrand OF, Patel TM. Prevention of Radial Artery Occlusion 630 

After Transradial Catheterization: The PROPHET-II Randomized Trial. JACC 631 

Cardiovasc Interv. 2016;9(19):1992-1999. 632 

81. Petroglou D, Didagelos M, Chalikias G, et al. Manual Versus Mechanical Compression 633 

of the Radial Artery After Transradial Coronary Angiography: The MEMORY 634 

Multicenter Randomized Trial. JACC Cardiovasc Interv. 2018;11(11):1050-1058. 635 



 

 25 

82. Abdelaal E, Brousseau-Provencher C, Montminy S, et al. Risk score, causes, and clinical 636 

impact of failure of transradial approach for percutaneous coronary interventions. JACC 637 

Cardiovasc Interv. 2013;6(11):1129-1137. 638 

83. Abdelaal E, MacHaalany J, Plourde G, et al. Prediction and impact of failure of 639 

transradial approach for primary percutaneous coronary intervention. Heart. 640 

2016;102(12):919-925. 641 

84. Avdikos G, Karatasakis A, Tsoumeleas A, Lazaris E, Ziakas A, Koutouzis M. Radial 642 

artery occlusion after transradial coronary catheterization. Cardiovascular diagnosis and 643 

therapy. 2017;7(3):305. 644 

85. Saito S, Ikei H, Hosokawa G, Tanaka S. Influence of the ratio between radial artery inner 645 

diameter and sheath outer diameter on radial artery flow after transradial coronary 646 

intervention. Catheter Cardiovasc Interv. 1999;46(2):173-178. 647 

86. Bernat I, Bertrand OF, Rokyta R, et al. Efficacy and safety of transient ulnar artery 648 

compression to recanalize acute radial artery occlusion after transradial catheterization. 649 

Am J Cardiol. 2011;107(11):1698-1701. 650 

87. Pancholy S, Coppola J, Patel T, Roke-Thomas M. Prevention of radial artery occlusion-651 

patent hemostasis evaluation trial (PROPHET study): a randomized comparison of 652 

traditional versus patency documented hemostasis after transradial catheterization. 653 

Catheter Cardiovasc Interv. 2008;72(3):335-340. 654 

88. Koutouzis MJ, Maniotis CD, Avdikos G, Tsoumeleas A, Andreou C, Kyriakides ZS. 655 

Ulnar artery transient compression facilitating radial artery patent hemostasis (ULTRA): 656 

a novel technique to reduce radial artery occlusion after transradial coronary 657 

catheterization. J Invasive Cardiol. 2016;28(11):451-454. 658 

89. Pancholy SB, Bertrand OF, Patel T. Comparison of a priori versus provisional heparin 659 

therapy on radial artery occlusion after transradial coronary angiography and patent 660 

hemostasis (from the PHARAOH Study). Am J Cardiol. 2012;110(2):173-176. 661 

90. Lo TS, Nolan J, Fountzopoulos E, et al. Radial artery anomaly and its influence on 662 

transradial coronary procedural outcome. Heart. 2009;95(5):410-415. 663 

91. Cha KS, Kim MH, Kim HJ. Prevalence and clinical predictors of severe tortuosity of 664 

right subclavian artery in patients undergoing transradial coronary angiography. Am J 665 

Cardiol. 2003;92(10):1220-1222. 666 

92. Parikh DS, Gandhi K, Shroff A. Radial Percutaneous Coronary Intervention in Complex 667 

Arm and Chest Vasculature: Tips and Tricks. Curr Treat Options Cardiovasc Med. 668 

2019;21(1):2. 669 

93. Scala C, Leone Roberti Maggiore U, Candiani M, et al. Aberrant right subclavian artery 670 

in fetuses with Down syndrome: a systematic review and meta-analysis. Ultrasound 671 

Obstet Gynecol. 2015;46(3):266-276. 672 

 673 

 674 

  675 



 

 26 

Legends:  676 

Tables: 677 

Table 1A: Baseline Characteristics, Access Site, and Therapeutic Procedures. 678 

Table 1B: Procedure Details. 679 

Table 1C: Procedural Outcomes, Conversion Rate, and Complications. 680 

Table 2A: Procedural Metrics, Conversion Rate, and Complications for Patients with One, Two, 681 

Three, or Four Procedures (n=614).  682 

Table 2B: Procedural Metrics, Conversion Rate, and Complications for Right vs. Left Diagnostic 683 

Angiograms for Non-Therapeutic Procedures (n=500). 684 

Table 2C: Procedural Metrics, Conversion Rate, and Complications for Therapeutic Procedures 685 

performed via Conventional TRA vs. Distal TRA (n=259).  686 

Table 2D: Procedural Metrics, Conversion Rate, and Complications for Non-Therapeutic 687 

Procedures performed via Conventional TRA vs. Distal TRA (n=496). 688 

Figures:  689 

Figure  1A: Procedural Metrics, Conversion Rate, and Complications 690 

Figure 1B: Mechanical Thrombectomy Procedural Metrics, Conversion Rate, and Functional 691 

Outcome 692 

Figure 2: Procedural Metrics, Conversion Rate, and Complications for Patients Undergoing Repeat 693 

procedures using Same Access vs. Alternative Access. 694 

Figure 3: Learning Curve; Fluoroscopy time per vessel as a function of number of procedures. The 695 

curve deflected at 14 procedures from 5.8 mins/vessel to plateau at 4.2 mins/vessel. The blue curve 696 

is the average fluoroscopy time/vessel of seven fellows performing diagnostic cerebral 697 

angiograms. 698 

Videos:  699 

Video 1: Four Vessels Diagnostic Cerebral Angiogram.  700 

Video 2: Therapeutic Neuroendovascular Procedures; Intra-arterial Chemotherapy, Carotid Artery 701 

Stenting and Mechanical Thrombectomy for ICA Stenosis and Tandem M2 Occlusion, Flow 702 

Diversion for Superior Hypophyseal Artery Aneurysm that grew is size.  703 

Video 3: Pathologies and TF Conversion; 1- Radial Artery Spasm; 2- Small Caliber Radial Artery; 704 

3- Radial Artery Extravasation; 4- Brachial Loop; 5- Brachial Artery Occlusion; 6- Arteria 705 

Lusoria.  706 
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