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ABSTRACT
Background Few studies have compared technical 
success and effectiveness of transradial access (TRA) 
versus transfemoral access (TFA) for mechanical 
thrombectomy (MT) for acute ischemic stroke (AIS). We 
compared the two approaches for technical success, 
effectiveness, and outcomes.
Methods We retrospectively compared TRA with TFA 
for AIS MT at our institute. We additionally performed 
a systematic review and meta- analysis of studies 
describing the use of TRA alone or in comparison with 
TFA for MT. Primary outcomes included rate of successful 
reperfusion (thrombolysis in cerebral infarction (TICI) 
>2b), number of passes, access- site complications, and 
3- month mortality and favorable functional outcomes 
(modified Rankin Scale (mRS) score 0–2).
Results A total of 222 consecutive patients (TRA=93, 
TFA=129) were included in our case series. The rate 
of successful reperfusion was significantly higher for 
the TFA cohort (91.4% vs 79.6%, P=0.01) with lower 
mean number of passes (1.8±1.2 vs 2.4±1.6, P=0.014). 
Three- month mortality in the TFA group was lower 
(22.1% vs 40.9% for the TRA cohort (P=0.004), with 
a higher rate of favorable functional outcomes (51.3% 
vs 34.1%, P=0.015). A meta- analysis of 10 studies 
showed significant heterogeneity in rates of successful 
reperfusion (57.1% to 95.6%, heterogeneity=67.55%, 
P=0.001). None of the previous comparative studies 
reported 3- month mortality and functional outcomes.
Conclusions This case series demonstrate a higher 
successful reperfusion rate, fewer passes, lower 
3- month mortality, and improved 3- month functional 
outcomes with TFA. The systematic review highlights the 
inadequacy of existing evidence. Prospective comparative 
studies are needed before a ’radial- first’ approach can be 
adopted for stroke intervention.

BACKGROUND
The premise of the ‘radial- first’ paradigm for 
neuroendovascular procedures is the superior 
safety profile of transradial access (TRA).1–4 In 
addition to a lower rate of access- site complica-
tions, TRA allows early ambulation, greater patient 
comfort, and potentially reduced cost and hospital 
stay.1–3 5 Several articles have shown the feasibility 
of the radial- first approach for various indications, 

including flow diversion, aneurysm coiling, carotid 
stenting, middle meningeal artery embolization, 
and acute ischemic stroke.4–11

Most studies that describe a radial- first experi-
ence are noncomparative case series with consid-
erable selection bias. Few studies provide a direct 
comparison of TRA with transfemoral access 
(TFA).8 12 Such comparisons are more critical for 
the endovascular management of acute ischemic 
stroke than for any other indication. Stroke inter-
vention must be performed emergently and effec-
tively to achieve optimal results. Considerable 
differences exist between TFA and TRA in terms of 
technique and device selection. Major limitations of 
the use of TRA in the context of mechanical throm-
bectomy (MT) for stroke include limited sheath 
size, which restricts use of the largest aspiration 
catheters as well as usage of balloon- guide catheters 
(BGC). These technical factors are likely to affect 
the performance of MT.

Previous studies have claimed little difference 
in the angiographic and clinical outcomes of TRA 
and TFA for MT.8 13–15 With the exception of the 
study conducted by Philips et al,15 previous studies 
on radial stroke intervention are small in size, do 
not have a direct comparison with a transfem-
oral cohort, and, more importantly, do not report 
3- month mortality and outcomes because they focus 
on feasibility and safety. Moreover, little consider-
ation was given to technical details and their influ-
ence on the associated angiographic outcomes. We 
have previously presented our initial experience 
with TRA, which showed the feasibility of TRA for 
MT; however, due to a small sample size, statistical 
significance could not be found between the TRA 
and TFA groups.8

A comparison of MT performed via TRA and 
TFA is essential to justify a radial- first approach. 
Any evidence of inferiority or a lack thereof 
should discourage universal use of a radial- first 
approach for stroke intervention. In this study we 
aimed to compare the angiographic and clinical 
outcomes of MT performed with TRA or TFA 
at our institute. Additionally, we performed a 
systematic review to evaluate published literature 
on MT for stroke performed with TRA in compar-
ison with TFA.
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METHODS
This study consisted of a retrospective case series and a system-
atic review of the literature. Institutional review board approval 
was received. Written procedural consent was obtained from 
patients or a healthcare proxy.

Case series
Consecutive patients who underwent MT for large vessel occlu-
sion over a 14- month period between January 1, 2019 and 
February 29, 2020 were included in the study. Two distinct 
practices exist among the dual- trained neurointerventionists at 
our institute. Proponents of the radial- first approach performed 
TRA. In all other patients, a femoral- first approach was under-
taken. Thus, the selection of patients for TRA versus TFA 
was based on physician preference, rather than on predeter-
mined selection criteria. Although TFA proponents sometimes 
perform TRA, especially for posterior circulation stroke, no 
such overlap occurred during the study period. TRA proponents 
had performed several hundred diagnostic and interventional 
procedures.

Data were collected on demographics, clinical presentation, 
occlusion site, comorbidities, body mass index (BMI), Alberta 
Stroke Program Early CT Score (ASPECTS), administration 
of intravenous (IV) tissue plasminogen activator (tPA), devices 
used, and MT techniques (stent retriever alone, a direct aspi-
ration first pass technique (ADAPT), or Solumbra). Primary 
outcomes included rate of successful reperfusion (thrombolysis 
in cerebral infarction (TICI) >2b), number of passes, access- site 
complications, and 3- month mortality and favorable functional 
outcomes (modified Rankin Scale (mRS) score 0–2).

Systematic literature review
Search criteria
The systematic literature review was conducted and reported 
according to the Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses (PRISMA) guidelines. We searched 
Google Scholar, Public/Publisher Medline (PubMed), the 
Cochrane Library, the Excerpta Medica database (EMBASE), 
and the Cumulative Index to Nursing and Allied Health Litera-
ture (CINAHL). Searches included the following combinations 
of words and phrases: “transradial” or “radial,” “stroke” or 
“cerebrovascular accident” or “CVA,” and “mechanical throm-
bectomy”. A total of 1575 published studies, abstracts, book 
chapters, and case reports were identified. Studies that had no 
English translation were excluded. All studies that had more 
than 10 patients treated with MT for stroke through TRA were 
included.

Qualitative analysis
The 10 included studies were assessed with the ‘Quality Appraisal 
Checklist for Case Studies’ tool developed by the Institute of 
Health Economics.16 Seven “Yes/No” questions about the study 
objective, study design, and study population were answered 
(online supplemental table 1). “Were the hypothesis, aim, and 
objective of the study clearly stated?” received a “Yes” if a clearly 
stated objective was present. “Were the characteristics of the 
patients included in the study described?” received a “Yes” if a 
measure of reperfusion success, the location of occlusion, access- 
site complications, and functional outcome were reported.

Data extraction
Patient demographics, operative details, complications, and 
angiographic and functional outcomes were extracted from the 

selected studies. Patient demographics included patient age, sex, 
and occlusion laterality and location. Operative details included 
the means of recanalization (stent retriever, ADAPT, or Solumbra 
technique), BGC use, and information related to first- pass reca-
nalization or failure to reach the target occlusion. Angiographic 
outcome included TICI score, with a score of 2b or 3 considered 
successful revascularization. Complications noted included both 
access- site complications and incidents of intracranialhemor-
rhage (ICH). Functional outcome measures included mRS score 
(with a score of 0–2 indicating good outcome) and mortality at 
3 months.

Statistical analyses
Case series
A descriptive analysis was performed. Continuous data with a 
normal distribution were presented as means and SD. Data with 
a skewed distribution were presented as medians and ranges. We 
compared TRA versus TFA groups using independent Student’s 
t- test and Chi square test for continuous and categorical vari-
ables, respectively.

Meta-analysis
The TRA patient cohorts in all included studies (n=9) were 
combined, and the Freeman–Tukey transformation was used 
to calculate the weighted summary proportion of successful 
reperfusion under the random effects model in MedCalc ( www. 
medcalc. org). Studies that compared TFA to TRA (n=2) were 
combined with our data. The odds ratio (OR) of successful 
reperfusion and first- pass recanalization was calculated from the 
comparison studies. TRA was treated as the intervention and 
TFA was treated as the control. The OR was calculated using 
the heterogeneity statistic under the random effects model in 
MedCalc. Forest plots were generated with pooled effects and 
inconsistency (I²) was calculated.

RESULTS
Case series
Two- hundred and twenty- two patients were included in our 
series. Mean age was 69.9±15.5 years; 120 (54.1%) were 
women. One hundred and twenty- nine patients (58.1%) under-
went MT with TFA and 93 (41.9%) underwent MT with TRA. 
A comparison of clinical characteristics and outcome data is 
provided in table 1.

The rate of successful recanalization (TICI >2b) was 79.6% 
for TRA compared with 91.4% for TFA (P=0.01). The mean 
number of passes for the TRA cohort was higher than that for 
the TFA cohort (2.4±1.6 vs 1.8±1.2, P=0.014). The rate of 
first- pass effect was higher for TFA than TRA (50.4% vs 45.2%), 
without statistical significance (P=0.28). The rate of access- site 
complications was higher in the TFA cohort (3.9% vs 0.8%), 
again without statistical significance (P=0.20). Three- month 
mortality for the TFA cohort was 22.1% versus 40.9% for the 
TRA cohort (P=0.004). The rate of 3- month favorable func-
tional outcomes was higher in the TFA group (51.3% vs 34.1%, 
P=0.015; table 1). There was no difference in mortality or 
favorable outcomes between anterior and posterior circulation 
for either of the groups (table 1).

Systematic review
Ten studiesinvolving 351 patients treated with TRA were 
included in the systematic review.1 4 9 10 13–15 17–19 The selec-
tion of studies is shown as a PRISMA flow diagram (online 
supplemental figure 1). Distribution by sex was reported by 
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eight studies.4 9 10 14 15 17–19 In those studies, women constituted 
51.2% of all patients. Most patients were treated for an ante-
rior circulation occlusion (88.9%). Only five studies provided 
a breakdown of various thrombectomy techniques.4 9 10 14 17 In 
those five studies, stent retrievers first, ADAPT, and Solumbra 
techniques were used with a frequency of 35.2%, 33.8%, and 
31.7%, respectively. Of six studies4 9 10 13 17 18 with available data, 
only two studies described the use of BGCs for a proportion of 
patients (12.4%).9 13 Five studies reported on failure to reach 
the target, which was encountered in 9.3% cases.1 4 9 10 17 This 
data point was not reported in other studies. Only four studies 
reported on the rate of ICH, which was on average 4.2% in 
those studies.4 13–15

Only two studies reported mRS scores and mortality beyond 
3 months.4 17 In those studies, 39.4% of the patients achieved 
a favorable functional outcome (mRS 0–2) after 3 months and 
30.3% died. Among the 10 studies,1 4 9 10 13–15 17–19 84.0% of all 
patients treated with TRA achieved successful revascularization 
(TICI >2b). A forest plot of the proportion of successful revas-
cularization among all patients can be found in figure 1. The 
rate of successful reperfusion varied from 57.1% to 95.6%. The 
heterogeneity in the results of successful revascularization was 
significant (67.5%; P=0.001).

Transradial versus transfemoral analysis
There were a total of 772 patients in the four studies comparing 
transradial MT to transfemoral MT, including the present case 
series.13–15 18A total of 303 patients had TRA and 469 had TFA 
(table 2). Most patients were treated for an anterior large vessel 
occlusion (90.4% of the transradial group, 95.1% of the trans-
femoral group). In addition to our case series, only Khanna et 
al14 presented the frequency of each thrombectomy technique. 
Only two studies reported on the use of BGCs.13 18 BGCs were 
used more frequently in the transfemoral group (58.4%) than 
the transradial group (5%). There were two (0.67%) reported 
access- site complications among the transradial group, whereas 
there were 27 (5.8%) in the transfemoral group. The frequency 
of symptomatic ICH reported in three studies13–15 and our 
case series was 4.78% in the transradial group and 8.06% in 
the transfemoral group. Successful reperfusion was achieved in 
88.8% of the transradial group and 93.2% of the transfemoral 

Table 1 Clinical characteristics and procedural outcomes of the case 
series

Variable

TFA
129 patients
Mean±SD or 
n (%)

TRA
93 patients
Mean±SD or 
n (%) P value

Age (years) 69.1±15.8 71.0±15.1 0.36

Male (n (%)) 60 (46.5) 40 (43.0) 0.84

NIHSS score at presentation 14.9±7.4 13.8±8.0 0.34

Baseline mRS score 0.88+1.2 0.84+1.3 0.84

ASPECTS 8.6+1.7 8.8+1.8 0.15

BMI 28.4+7.3 27.8+8.6 0.26

Diabetes mellitus 39 (30.2) 25 (26.9) 0.9

Hypertension 83 (64.3) 69 (74.2) 0.12

Congestive heart failure 17 (13.2) 9 (9.7) 0.4

COPD 13 (10.1) 7 (7.5) 0.5

IV tPA administered 38 (29.5) 25 (26.9) 0.68

Door- to- recanalization time (min) 66.1±35.5 60.4±29.1 0.25

Door- to- access time (min) 44.74±35.1 34.0±11.04 0.21

Left- sided target lesion 57 (44.2) 42 (45.2) 0.76

M1 48 (37.2) 42 (45.2) 0.07

M2 33 (25.6) 24 (25.8)

ICA 30 (23.2) 13 (14.0)

Posterior circulation 9 (7.0) 11 (11.8)

Other locations* 9 (7.0) 3 (32.2)

Stent only 16 37 <0.001

ADAPT 21 5

Solumbra 92 43

Sheath size

  9F 54 (41.9) 0

  8F 64 (49.6) 0

  6F 11 (8.5) 93 (100)

Successful recanalization (TICI >2b) 118 (91.4) 74 (79.6) 0.01

Number of passes 1.8±1.2
(median=1)

2.4±1.6
(median=2)

0.014

First- pass effect 65 (50.4) 42 (45.2) 0.28

sICH 7 (5.4) 4 (4.3) 0.7

Access- site complications 5 (3.9) 1 (0.8) 0.20

Patients with 3 months of follow- up 113 88

  3- month mortality 25 (22.1) 36 (40.9) 0.004

  3- month favorable outcomes† 58 (51.3) 30 (34.1) 0.015

Posterior circulation only

  3- month mortality 3 (33.3) 4 (36.3) 0.67

  3- month favorable outcomes† 5 (55.5) 5 (45.4) 0.94

*Other locations include tandem occlusion, occlusion of M3 segment, or anterior 
cerebral artery occlusion.
†mRS score 0–2.
.tPA; tissue plasminogen activator; ACA, anterior cerebral artery; ADAPT, a direct 
aspiration first pass technique; ASPECTS, Alberta Stroke Program Early CT Score; 
BGC, balloon- guide catheter or catheters; BMI, body mass index; COPD, chronic 
obstructive pulmonary disease; F, French; ICA, internal carotid artery; IV, intravenous; 
M1, first segment of middle cerebral artery; M2, second segment of middle cerebral 
artery; M3, third segment of middle cerebral artery; mRS, modified Rankin Scale; 
NIHSS, National Institutes of Health Stroke Scale; SD, standard deviation; sICH, 
symptomatic intracranial hemorrhage; TFA, transfemoral access; TICI, thrombolysis 
in cerebral infarction; tPA, tissue plasminogen activator; TRA, transradial access.

Figure 1 Forest plot showing proportion of successful reperfusion 
in various transradial access (TRA) studies. Notice the variation from 
57.1% to 95.6%. I²=67.55%, heterogeneity P=0.0011, no random 
effects P value.
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group. However, the trend favoring TFA was not significant 
(P=0.073). A forest plot for the OR of successful reperfusion of 
the transradial to transfemoral groups is provided in figure 2A. 
Heterogeneity was 3.34% (P=0.38). First- pass recanalization 
was achieved in 50.6% of the transradial group and 54.2% of 
the transfemoral group (P=0.96). A forest plot for the OR of 
first- pass recanalization of transradial to transfemoral groups 
of patients is provided in figure 2B. Heterogeneity was 0.0% 
(P=0.9).

Phillips et al reported 3- month mRS scores of 0–2 for only 
those TRA and TFA groups of patients who had premorbid 
mRS scores of 0–2.15 Therefore, functional outcomes were not 
reported for eight patients in the TRA group and 31 patients 
in the TFA group. Due to the lack of complete data, a pooled 
analysis was not possible. Thus, none of the four studies13–15 18 
reported complete 3- month mortality and functional outcomes.

DISCUSSION
The feasibility of TRA for neurointerventions was first reported 
in the early 2000s.7 20 However, only recently has this approach 
been presented as first- line access for a variety of neurointer-
ventions, including diagnostic angiograms, flow diversion, Ta
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Figure 2 (A) Forest plot for the odds ratio (OR) of successful 
reperfusion of transradial access (TRA) to transfemoral access (TFA) 
cohorts. The overall results favor TFA. I²=3.34%, heterogeneity 
P=0.3876, random effects P=0.073. (B) Forest plot for the OR of first- 
pass recanalization of TRA to TFA. The overall effects favor the use of 
TFA. I²=0.00%, heterogeneity P=0.96, random effects P=0.40.
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carotid artery stenting, MT, aneurysm coiling, and arteriovenous 
malformation embolization procedures.1 4 8 9 11–13 21 22 However, 
it is important to recognize that each of these indications and 
procedures has different technical demands.

The key to MT is the achievement of rapid successful reper-
fusion with a minimum number of passes.23 24 Several studies 
have demonstrated the number of passes as the independent 
predictor of favorable outcomes.23–25 Successful reperfusion 
with a minimum number of passes is achieved through the use of 
an armamentarium of options, that is, aspiration, stent retriever, 
or combined use of these techniques with or without flow arrest 
with a BGC. The definitive evidence to support the use of MT 
for large vessel occlusion came from clinical trials that mainly 
used TFA.26 As a result, existing guide catheters and aspiration 
catheters are designed and optimized for femoral access. The 
technical limitations of radial stroke intervention become strik-
ingly evident when it comes to the use of aspiration catheter and 
BGCs. Although it can be argued that key clinical trials mainly 
used various stent retrievers, subsequent trials and studies have 
shown the effectiveness of the Solumbra technique, aspiration 
alone, and BGCs for the treatment of stroke.27 28 The use of a 
BGC and most new large- bore aspiration catheters requires an 
8- French (F) system, which is rarely feasible with a transradial 
approach. In fact, our typical TRA stroke setup consists of a 6F 
sheath- compatible system with a 5F Sofia intermediate catheter 
(MicroVention) as an aspiration catheter in addition to a stent 
retriever.8 In the studies that compare TRA with TFA, only Chen 
et al (2019) described the use of a BGC in the TRA group.23 
Larger aspiration catheters provide greater surface area for aspi-
ration interaction at the face of the clot with or without a stent 
retriever, resulting in increased efficiency of clot removal.29 30

In our own series of TRA stroke interventions, techniques 
have evolved significantly and continue to do so. Even in this 
cohort analysis of recent patients, the proportion of stent- only 
interventions in the TRA cohort (table 1) no longer reflects the 
state of practice. As with any technique, continuing to address 
shortcomings, trialing newer devices or technical approaches, 
over time will lead to better outcomes.

The current series and systematic review are important for 
various reasons. First, we highlight that a paucity of data are 
available on the comparative effectiveness of transradial and 
transfemoral approaches. There is marked variation in the rates 
of successful reperfusion with TRA among various studies, 
ranging from 57.1% to 95.6% (table 2). The large variation in 
the rates of successful reperfusion can be multifactorial and may 
include factors like operator experience, technique, and site of 
large vessel occlusion. The impact of various variables on the 
success of reperfusion through TRA needs more studies. Addi-
tionally, it is not prudent to look at the TRA for stroke data in 
isolation. A radial- first approach cannot be advocated without 
sufficient evidence of the superiority or non- inferiority of TRA 
in comparison with TFA, which is limited at this point. For 
example, in addition to our case series, there were only three 
other retrospective studies that compared TRA with TFA. Thus, 
our meta- analysis included only 303 patients in the TRA group 
and 469 in the TFA group. None of the studies other than our 
case series reported 3- month mortality and functional outcomes 
for the complete dataset of included patients. These are outcome 
parameters that we believe are critical to any comparison because 
survival and functional independence of patients come first.

Moreover, we show that TFA is associated with higher recanal-
ization rates along with lower mortality and improved functional 
outcomes. The improved mortality and functional outcomes 
may be a direct result of higher rates of successful reperfusion 

with larger aspiration catheters and better flow control with the 
use of BGCs.

The often- cited advantages associated with TRA of fewer 
access- site complications, increased patient comfort, and 
reduced length of stay are less pertinent to stroke patients who 
often present with poor neurological examination findings. 
These advantages are of least concern to these patients. In fact, 
despite a higher although non- significant percentage of access- 
site complications, none of the patients with TFA required a 
major intervention for resolution. Based on the findings of the 
present study, the effect of the majority of such complications on 
did not influence 3- month outcomes.

The present systematic review also highlights the heteroge-
neity of outcomes with TRA. For example, as mentioned, the 
pooled rate of successful reperfusion varies from 57.1% to 
95.6%. This may be due to varying experience of the operators. 
However, this wide variation in successful recanalization rates 
raises questions as to whether the universal adoption of ‘radial 
first’ for stroke is worth the compromise of patient care. Is the 
operator learning curve and compromised patient care worthy 
of the title of ‘radial first’?

Limitations
There are some limitations of our case series. The radiological 
outcomes were not adjudicated by a core laboratory; however, 
the number of passes, which was also significantly lower for 
TFA, is not an outcome that adjudication could affect. The 
choice of devices and techniques in the TFA and TRA cohorts 
was variable. Although all operators in each group had several 
years of experience before the current study period, operator 
skill and experience could have influenced the outcomes of each 
cohort in this study. The specific limitations of the systematic 
review included a high degree of data heterogeneity. These 
limitations can be addressed with prospective, core laboratory- 
adjudicated studies; however, for now, the present study calls 
for more evidence before a radial- first approach can be adopted 
more widely.

CONCLUSIONS
The current case series demonstrates a higher successful reperfu-
sion rate, fewer passes, lower 3- month mortality, and improved 
3- month functional outcomes with TFA. The systematic review 
showed statistically non- significant trends in favor of femoral 
access with regards to recanalization rate. A pooled analysis was 
not possible for number of passes, 3- month mortality, and favor-
able outcomes.
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Supplementary Table 1. Quality of the studies included in the review 
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conducted 
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>1 center? 

Were patients 
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Were the 

characteristics 

of the patients 
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inclusion and 

exclusion 
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entry into the 
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stated? 
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enter the 

study at a 
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20201 yes yes no yes yes yes yes 

*Khanna et al 
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*Khanna et al 
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Maud et al 
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*Note: There may be overlap in the patients in the studies conducted by Khanna et al. but that was not clear in the articles. 
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