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ABSTRACT 
Introduction: Transfemoral access (TFA) is the primary access approach for neurointerventional proce-
dures. Transradial access (TRA) is established in cardiology due to its lower complications, yet, it is at 
its early stages in neuroprocedures. This study performs an early exploration of the economic impact 
associated with the introduction of TRA in diagnostic and therapeutic neuroprocedures from the 
Spanish NHS perspective.
Methods: An economic model was developed to estimate the cost and clinical implications of using 
TRA compared to TFA. Costs considered access-related, complications and recovery time costs 
obtained from local databases and experts’ inputs. Clinical inputs were sourced from the literature. A 
panel of eight experts from different Spanish hospitals, validated or adjusted the values based on local 
experience. Hypothetical cohorts of 10,000 and 1000 patients were considered for diagnostic and 
therapeutic neuroprocedures respectively. Deterministic sensitivity analysis was performed.
Results: TRA in diagnostic procedures was associated with lower costs with savings ranging between 
e486 and e157 depending on the TFA recovery time considered. TRA is estimated to lead to 158 fewer 
access-site complications. In therapeutic procedures, TRA resulted in 76.4 fewer complications and was 
estimated to be cost-neutral with an incremental cost of e21.56 per patient despite recovery times 
were not included for this group. Variation of the parameters in the sensitivity analysis did not change 
the direction of the results.
Limitations: Clinical data was obtained from literature validated by experts therefore results generaliz-
ability is limited. In therapeutic neuroprocedures, there is an experience imbalance between 
approaches and recovery times were not included hence the total impact is not fully captured.
Conclusions: The early economic model suggests that implementing TRA is associated with reduced 
costs and complications in diagnostic procedures. In therapeutic procedures, TRA lead to fewer com-
plications and it is estimated to be cost-neutral, however its full potential still needs to be quantified.

ARTICLE HISTORY 
Received 29 August 2023 
Revised 30 September 2023 
Accepted 2 October 2023 

KEYWORDS 
Transfemoral access (TRA); 
transradial access (TRA); 
cost; neuroprocedures; 
neurovascular; diagnostic; 
Spain 

JEL CLASSIFICATION 
CODES 
D61; D6; D; I10; I1; I   

Introduction

In the field of neurointerventional procedures, transfemoral 
access (TFA) has been historically the primary approach, 
mainly due to its larger calibre and ease of access1,2. 
However, TFA can present several access site-related compli-
cations including bleeding, retroperitoneal hematomas, pseu-
doaneurysms, and death among others3,4.

Transradial access (TRA) is an alternative approach where 
the catheter is inserted via the radial artery rather than the 
femoral one. The TRA approach has been widely shown to 

be associated with fewer access site complications, shorter 

hospital stays, higher patient preference and reduced cost in 

interventional cardiology, as compared to TFA5–17. Currently, 

the American Heart Association (AHA) guidelines recommend 

TRA as the first strategy for patients with acute coronary 

syndromes18.
Fewer studies have investigated the benefits and limits of 

TRA for neurovascular procedures such as cerebral angiogra-

phies and endovascular embolization of intracranial aneur-

ysms with coils and/or flow diverters. A recent study 
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described TRA as highly safe and efficient for performing 
diagnostic and interventional procedures19. Other studies 
have compared TRA to TFA and supported the evidence of 
radial access benefits over femoral access in terms of lower 
complication rate (both overall and access-site related) and 
higher patient preference20–22. The radial puncture is associ-
ated with fewer complications due to its location, as it 
excludes the possibility of severe complications such as 
retroperitoneal bleeding. Moreover, possible hemorrhages or 
hematomas can be detected easily as it is a superficial artery, 
allowing to anticipate the treatment of complications as 
compared to TFA. In addition, as the hand circulation is dou-
ble (radial and ulnar artery), possible occlusions of one of 
the arteries have little clinical impact, while occlusions of the 
femoral artery could have more serious consequences23.

Given the complications associated with TFA and the afore-
mentioned promising benefits of TRA neurointerventionalists 
have increasingly begun to incorporate TRA in their practice3.

With the aim to better understand the economic impact 
of incorporating TRA into routine practice, an economic 
model was developed to explore the cost implications associ-
ated with the implementation of radial access compared 
with femoral access in diagnosis or therapeutic neuroproce-
dures, over a maximum one-year time horizon, from the per-
spective of the Spanish National Health System (NHS).

Methods

Model structure

An early economic model was built to estimate the economic 
impact of using TRA compared to TFA in neuroprocedures. 
The model estimated the cost differential between the two 
approaches over a 1-year time horizon to capture all related 
access complications, as well as incremental clinical benefits 
(number of catheterizations without crossover, recovery time, 
and complications) (Figure 1). Two hypothetical cohorts were 
entered into the model: 10,000 patients that undergo TRA or 
TFA for a diagnostic procedure and 1000 patients that 
undergo TRA or TFA in the context of a therapeutic endovas-
cular procedure. The diagnostic hypothetical cohort considers 
a larger number of patients for three main reasons. Firstly, 
there is a higher overall procedure volume. Secondly, TRA is 

more frequently used due to the simpler nature of the diag-
nostic procedure. Thirdly, there is better device availability and 
compatibility compared to the therapeutic procedure group. 
The proposed modelling approach considered the costs of the 
procedure (access-related only), complications and recovery 
time to calculate the total cost of TRA or TFA. Other cost driv-
ers were excluded from the analysis, as the focus was on 
aspects strictly associated with the access step of the main 
procedure (from a puncture to access to the target vessel) 
rather than the whole main technique performed. Indirect 
costs were also excluded from the analysis as the perspective 
of the Spanish NHS was considered.

Model parametrization

In order to populate the model, a literature review was per-
formed. Considering the limited evidence on TRA in neuro- 
procedures, the inputs from the literature were presented to a 
panel of experts, which validated the model parameters using 
a virtual nominal group technique. The panel was composed 
of experts from 8 Spanish hospitals, which are early adopters 
of TRA, located in 5 out of 17 autonomous communities in the 
north, central, and south regions, including the islands. These 
hospitals are centers with a high and moderate volume of neu-
roprocedures which altogether perform a total of 1940 thera-
peutic procedures (1264 mechanical thrombectomies; 676 
endovascular aneurysm treatment) and 1807 diagnostic proce-
dures (such as cerebral angiograms) per year. The panel of 
experts could confirm the values obtained from the literature 
or substitute the values with a consensus on the rates 
observed in their practice. Regardless of whether the inputs 
were validated or overridden by the panel of experts, an aver-
age of the values provided by the 8 hospitals was used, while 
the minimum and maximum values were used as lower and 
upper values for the sensitivity analysis.

Diagnostic procedure model clinical inputs

Procedure success rate
The procedure was defined as successful when it does not 
require any crossover to reach the endpoint. A crossover was 
defined as the need to gain access to the neurovasculature 
by switching to a second access site due to any failure of 

Figure 1. Modelling approach for diagnostic and therapeutic procedures.
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the initial one (e.g. due to a failed puncture or catheteriza-
tion of the target vessel). A prospective study on diagnostic 
cerebral angiography reported that the procedure success 
rate for radial and femoral access is 96.8% and 98.7%, 
respectively22 (Table 1). Data used based on experts’ consen-
sus are aligned with literature results and indicated an aver-
age value of 95.8% for TRA and 99.2% for TFA (Table 1). The 
maximum and minimum values reported by experts were 
used for the sensitivity analysis.

Procedure time and contrast volume
The procedure time was defined as in-room time, including 
in-room time before the attempted access start and after the 
placement of the closure device. A recent paper investigated 
the differences in procedure time and contrast volume used 
in patients undergoing TRA or TFA and found no statistically 
significant difference between the two groups for both 
parameters22 (Table 1). This finding was confirmed by clinical 
experts, especially after passing the learning curve of TRA. As 
the resulting cost difference would be minimal, procedure 
time and contrast volume were not considered in any of the 
models (diagnostic and therapeutic).

Complications
Literature data for the complication rates were sourced – 
when possible – from comparative papers, and successively 
validated by experts to define the data used in the model 
(Table 1).

Intracranial haemorrhage was not considered a potential 
complication in a diagnostic procedure as there is no cath-
eterization of the intracranial vessels, therefore it was not 
included in the model.

Regarding occlusive arteries in TRA, experts agreed that 
generally, the incidence can vary between 5% and 10%, how-
ever, in most cases is asymptomatic and combined with the 
fact that often there is no control afterwards to verify the pres-
ence of the occlusion, generally it goes unnoticed. While an 
occlusive artery in TFA can shortly lead to an ischemic event. 
The value used for the TRA reflects mainly symptomatic occlu-
sive arteries according to the local experience.

Recovery time
Recovery time was defined as the time elapsed between the 
end of the procedure and patient discharge. For both 
approaches, we found heterogeneity among the protocols 

Table 1. Diagnostic procedure success rate, times and contrast volume, and complications.
a) Diagnostic procedure success rate

Literature data

Input TRA TFA Source

Procedure success rate 96.8% 98.7% Stone et al.22 Proportion  
that required a crossover.

Data used

Input TRA TFA Source

Procedure success rate Average: 95.8% 
Min-Max: 95%-97%

Average: 99.2% 
Min-Max: 98.6%-100%

Data based on expert consensus.

b) Diagnostic procedure time and contrast volume

Literature data

Input TRA TFA Source

Procedure time (minutes) 66 67 Stone et al.22

Contrast volume (mls) 143 140 Stone et al.22

c) Diagnostic procedure complication rates

Literature data

Input TRA TFA Source

Access site haematoma 1.5% 22.8% Catapano et al.20

Vessel perforations 0.0% 2.9% Catapano et al.20

Intracranial haemorrhage 0.0% 1.0% Catapano et al.20

Occlusive femoral artery 0.0% 1.0% Catapano et al.20

Retroperitoneal bleed 0.0% 0.5% Catapano et al.20

Thromboembolic event 0.5% 1.0% Catapano et al.20

Nerve injury 0.0% 0.4% Oneissi 2020a, 32

Wound infection 0.0% 0.4% Oneissi 2020a, 32

Access site local pain 1.3% 1.9% Stone et al.22

Vasospasm 0.6% 0.0% Stone et al.22

Data used

Input TRA TFA Source

Access site haematoma Average: 1.79 Min–Max: 0.51%–5% Average: 5.34% Min–Max: 4%–8.4% Data based on expert consensus.
Vessel perforations Average: 0.89% Min–Max: 0%–2.5% Average: 0.2% Min–Max: 0%–0.71%
Occlusive artery Average: 0.26% Min–Max: 0%–1.06% Average: 0.46% Min–Max: 0%–0.5%
Retroperitoneal bleed 0% Average: 0.11% Min–Max: 0%–2%
Thromboembolic event Average: 0.43% Min–Max: 0%–2% Average: 0.44% Min–Max: 0%–2%
Nerve injury Average: 0.0025% Average: 0.0022%
Access site local paina 1.3% 1.9% Stone et al.22

Vasospasm Average: 2.2% Min–Max:0.7%–7.18% 0.0% Data based on expert consensus.
aVery subjective variable. Low-cost management.
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reported from the centers, therefore multiple scenarios were 
simulated. For the base case, the most common protocol 
was considered. For radial access, the base case considers a 
recovery time equal to 120 min. For the alternative scenario 
analysis, the shortest recovery time was 60 min (15 min of 
compression followed by ultrasound before the discharge). 
For the femoral approach, the protocol differences were 
determined by the use of a closure device. Without a closure 
device, the patient was admitted to the hospital for at least 
24 h. This time of recovery was used for the base case. 
However, if a closure device is used, then the patient would 
be discharged at 6 or 8 h, therefore those times were consid-
ered for the alternative scenarios.

Therapeutic procedure model clinical input

For the therapeutic procedure model, the main focus was on 
access via TRA or TFA for elective procedures (such as the 
treatment of unruptured aneurysms with flow diversion and 
coiling), therefore the costs of the devices for aneurysm 
treatment were not considered in the model.

Procedure success rate
Literature data showed that the procedure success rate for 
radial and femoral access is very similar with rates of 98.5% 

and 98.7%, respectively20 (Table 2). Data used and validated 
by experts is in line with those from the literature, however, a 
slight difference was observed in the local experience with an 
average value of 97.6% for TRA and 98.6% for TFA (Table 2).

Complications
Complication rates were obtained from comparative papers 
(Table 2). Likewise, for the diagnostic procedures, data was 
reviewed and validated by the experts considering the local 
experience. However, due to limited literature, in some cases, 
rates were based on the same sources used for the diagnos-
tic procedure model (e.g. access site pain).

Recovery time
The recovery time parameter was not included in the base 
case of the therapeutic model, since the current protocols 
for patients treated with endovascular neuroprocedures 
consider that patients remain admitted at the hospital for 
at least 1–2 d after the procedure regardless of the access 
approach TRA or TFA. Nonetheless, early evidence suggests 
that TRA may lead to a reduction in the length of stay in 
neurointervention procedures, therefore an alternative 
scenario has been simulated. Alternative scenario 1 
assumes two days of hospital stay with TFA versus one day 
with TRA.

Table 2. Therapeutic procedure success rate, times and contrast volume, and complications.
a) Diagnostic procedure success rate

Literature data

Input TRA TFA Source

Procedure success rate 98.5% 98.7% Catapano et al.20 Proportion that  
required a crossover.

Data used

Input TRA TFA Source

Procedure success rate Average: 97.6% Min–Max:  
90%–100%

Average: 98.6% Min–Max:  
95%–100%

Data based on expert consensus.

b) Diagnostic procedure complication rates

Literature data

Input TRA TFA Source

Access site haematoma 1.5% 22.8% Catapano et al.20

Vessel perforations 0.0% 2.9% Catapano et al.20

Intracranial haemorrhage 0.0% 1.0% Catapano et al.20

Occlusive femoral artery 0.0% 1.0% Catapano et al.20

Retroperitoneal bleed 0.0% 0.5% Catapano et al.20

Thromboembolic event 0.5% 1.0% Catapano et al.20

Nerve injury 0.0% 0.4% Oneissi 202032

Access site local pain 1.3% 1.9% Stone et al.22

Vasospasm 0.6% 0.0% Stone et al.22

Data used

Input TRA TFA Source

Access site haematoma 0.38% Min–Max: 0%–1.1% 6% Min–Max: 5%–7% Data based on expert consensus.
Vessel perforations 0% 0.8% Min–Max: 0%–3% Data based on expert consensus
Intracranial haemorrhage 0.1% Min–Max: 0%–0.5% 0.49% Min–Max: 0%–1.75% Data based on expert consensus.
Occlusive artery 0.2% 0.43% Catapano et al.20

Retroperitoneal bleed NA 0.4% Min–Max: 0%–1.75% Data based on expert consensus.
Thromboembolic event 0.2% 0.43% Data based on expert consensus.
Nerve injurya 0.0025% Min–Max: 0%–1.75% 0.0022% Min–Max: 0%–1.75% Data based on expert consensus. 
Access site local painb 1.3% 1.9% Stone et al.22, Expert consensus.
Vasospasmb 0.63% 0.0% Stone et al.22, Expert consensus.
aVery low incidence. Same as diagnostic.
b(Same as in the diagnostic part).
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Costs

The study considered the Spanish NHS perspective, therefore 
only direct medical costs were included in the analysis. The 
costs of access materials for the procedure, recovery, and 
complications management are summarized in Table 3. Costs 
of medications, procedures and access materials have been 
taken from Spanish cost databases and market prices which 
have been validated by a panel of experts.

According to the panel of experts, the management of 
vessel perforations in TRA is often conservative, which can 
be done manually by the operator, with a compression sys-
tem or in some cases with a small suture and therefore it 
rarely requires a complex procedure or admission. As the 
cost of a vessel perforation in the Spanish cost database 
does not allow differentiation depending on the vessel loca-
tion (upper or lower limb) or size, a weight has been applied 
to estimate the cost of a radial vessel perforation that 
reflects the local experience. Additionally, a e1 cost has been 
considered for the management of the occlusive artery in 
TRA, which in most cases is asymptomatic but when 
detected the management is mainly through medication 
(e.g. heparin) as indicated by the experts. All costs are pre-
sented in Euros and reflect price levels in the year 2022. Due 
to the time horizon used, no discount rate was considered 
for costs.

Model outcomes

The primary outcome of this study was to define the cost 
differences associated with the introduction of TRA when 

compared with TFA in patients undergoing diagnostic or 
therapeutic procedures, over a one-year time horizon.

The study also investigated the difference in clinical out-
comes (as crossover need, complications and recovery time) 
in the two TRA and TFA populations, for both the diagnostic 
and therapeutic scenarios.

Sensitivity analysis

To account for uncertainty around the data used in the 
model, a univariate deterministic sensitivity analysis (DSA) 
was undertaken in the form of a tornado diagram for both 
TRA and TFA populations. The DSA involved altering the 
value used for individual parameters, within realistic ranges, 
to assess the impact on the model results. All parameters 
were variated ±15%, although in some cases one side of the 
variation was at a lower rate because the maximum possible 
value was reached.

To further test the model results, an additional DSA was 
performed using the minimum and maximum values 
observed in the local practice.

Results

Diagnostic procedure

In the base case scenario, the overall cost per patient having 
a diagnostic procedure through radial access is e429 less 
costly than via femoral access over a 1-year time horizon 
(Table 4). For a hypothetical cohort of 10,000 patients, the 
savings would be equal to e4.29 million. This cost difference 
is mainly associated with a shorter hospital stay, being the 

Table 3. Costs.
Procedure Materials Unitary cost Source

Diagnostic-Catheter (TRA) e248.00 Data based on expert consensus.
Diagnostic-Catheter (TFA) e214.40
Therapeutic-Catheter (TRA) e600
Therapeutic-Catheter (TFA) e500
Additional cost of crossover TRA e229
Additional cost of crossover TFA e372
Closure device (TFA) e181
Radial compression device e35
Introducer TRA e30
Introducer TFA e15.73
Medication e10
Ultrasound e59
Recovery
Bed day (ambulatory) e57 Calculated as a pro-rata of bed day.
Bed day (non-critical bed) e680 Spanish Cost Database, e-salud. Oblikue consulting: http://www.oblikue.com/bddcostes/. Accessed Aug 2022
Complications
Access site haematomaa e2.5 Spanish Cost Database, botplus: https://botplusweb.farmaceuticos.com/. Accessed Aug 2022
Vessel perforations (femoral) e9865 Spanish Cost Database, e-salud. Oblikue consulting: http://www.oblikue.com/bddcostes/. Accessed Aug 2022
Vessel perforations (radial) e1973
Intracranial haemorrhage e10,148
Occlusive artery (femoral) e3369
Occlusive artery (radial) e1
Retroperitoneal bleed (TFA) e3476
Thromboembolic event e5852
Nerve injuryb e75
Access site local paina e2.5 Spanish Cost Database, botplus: https://botplusweb.farmaceuticos.com/. Accessed Aug 2022
Vasospasmc e6 Spanish Cost Database, botplus: https://botplusweb.farmaceuticos.com/. Accessed Aug 2022
aParacetamol, pain relief only.
b4 physiotherapy sessions.
cBNF 5 mg of verapamil and one 400 micrograms sublingual glyceryl trinitrate spray.
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main driver of the cost savings (Table 4). Overall, it is esti-
mated that performing diagnostics procedures through TRA 
could save 220,000 h (Table 4). Despite the small difference 
in costs for complications, TRA can avoid access 158 
complications.

In all alternative scenarios, TRA appears to be less expen-
sive than TFA (e486, e214 and e157 for alternative scenarios 
1, 2 and 3 respectively).

Based on the DSA results, the parameters that generate the 
most uncertainty are recovery time for femoral access and bed 
day cost (Figure 2). In both cases, a variation of ±15% for these 
inputs generates changes in the cost difference by almost 
20%. For lower estimates of recovery time for TFA or bed day 

costs in the alternative scenarios, the cost differential 
decreases, and other costs such as material costs become the 
parameters that would generate the most uncertainty, how-
ever, the overall benefits remain in favour of TRA.

In the base case DSA, other parameters that have an 
impact on the incremental cost are the cost of radial and 
femoral catheters, the cost of complications for radial and 
femoral access, the rate of vessel perforation for radial 
access, and the radial and femoral access success rate. The 
remaining parameters do not generate an important variabil-
ity of the results (<1%).

When using minimum and maximum values reported by 
the panel of experts, recovery time for femoral access and 

Table 4. Model results: Diagnostic procedures.
a) Differential costs for diagnostic procedures

Base case (120 min TRA vs 1-night TFA) Radial access Femoral access Incremental

Cost per patient e 637 e 1066 −e 429
Total cost per cohort e 6,365,363 e 10,655,885 −e 4,290,522
Alternative analysis 1 (60 min TRA vs 1-night TFA)
Cost per patient e 580 e 1066 −e 486
Total cost per cohort e 5,795,390 e 10,655,885 −e 4,860,494
Alternative analysis 2 (60 min TRA vs 8 h TFA)
Cost per patient e 580 e 793 −e 214
Total cost per cohort e 5,795,390 e 7,932,551 −e 2,137,161
Alternative analysis 3 (60 min TRA vs 6 h TFA)
Cost per patient e 580 e 737 −e 157
Total cost per cohort e 5,795,390 e 7,365,885 −e 1,570,494

b) Diagnostic procedure base-case cost breakdown

Category Radial access Femoral access Incremental

Procedure costs (Materials for access only) e 471 e 321 e 150
Recovery e 114 e 680 −e 566
Complications e 52 e 65 −e 13
Total cost e 637 e 1,066 −e 429

c) Clinical outcomes base-case for diagnostic procedures

Category Radial access Femoral access Incremental

Number of catheterisations without crossover 9580 9920 −340
Recovery time (hours) 20,000 240,000 −220,000
Number of complications 687 845 −158

Figure 2. Results diagnostic deterministic sensitivity analysis (Tornado diagram, base case, ±15% variation).
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bed day cost remain the variables generating the most 
uncertainty and despite other variables related to rates of a 
complication becoming more predominant, none of them 
generate an impact that would change the direction of the 
results (Figure 3).

Therapeutic procedure

In the base case, the model estimates that TRA is relatively 
cost neutral, with an incremental cost of e21.56 per patient 
(Table 5). Complication costs are lower in TRA than in TFA 
generating savings of e153.73, however, the costs of the 
access materials are projected to be higher with TRA (incre-
mental of e175.3) mainly due to the higher cost of the cath-
eter, the introducer kit and the use of ultrasound. Other 
potential savings like recovery time have not been consid-
ered and therefore this value does not consider all the 

potential cost implications. It is estimated that 76.4 complica-
tion events would be avoided in a cohort of 1,000 patients.

The alternative scenario estimates a cost-saving of e658 
per patient, mainly due to the savings from shorter lengths 
of stay, suggesting that the potential benefits of TRA can 
outweigh the higher costs when all main cost categories are 
included in the analysis.

The sensitivity analysis suggests the parameters of the key 
drivers of uncertainty leading to a higher impact on the 
model results are the costs of the catheters (TRA and TFA), 
crossover rates (TRA and TFA) and the cost of complication 
in TFA (Figure 4).

Discussion

Our economic model showed that the TRA approach, as 
compared to TFA, offers a clear advantage in terms of total 
costs and clinical benefits for patients undergoing diagnostic 

Figure 3. Results diagnostic deterministic sensitivity analysis (Tornado diagram, base case, variation based on expert panel min/max values).

Table 5. Model results: Therapeutic procedures.
a) Differential costs for therapeutic procedures

Base case (without length of stay) Radial access Femoral access Incremental

Cost per patient e 812.4 e 790.8 e 21.6
Total cost per cohort e 812,397.7 e 790,836.7 e 21,561.0
Alternative analysis 1 (1-night TRA vs 2-nightsTFA)
Cost per patient e 1492 e 2151 −e 658
Total cost per cohort e 1,492,396 e 2,151,838 −e 658,442

b) Therapeutic procedure base-case cost breakdown

Category Radial access Femoral access Incremental

Procedure costs (Materials for access only) e 783.7 e 608.4 e 175.3
Recovery – – –
Complications e 28.7 e 182.4 −e 153.7
Total cost e 812.4 e 790.8 e 21.6

c) Clinical outcomes base-case for therapeutic procedures

Category Radial access Femoral access Incremental

Number of catheterisations without crossover 976 986 −10
Number of complications 28.13 104.52 −76.40
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neuroprocedures. Considering a hypothetical cohort of 
10,000 patients, the TRA approach lead to savings in all the 
scenarios modelled even when shorter hospital stays were 
considered for TFA (range e486–e157 per patient), represent-
ing a possible savings of up to e4.29 million in direct costs 
for this patient cohort. From the clinical perspective, patients 
undergoing TRA are projected to present fewer complica-
tions compared to TFA (687 vs 845). However, the model 
showed that patients undergoing radial access are more 
likely to switch to the femoral approach than vice versa; 
nonetheless, the additional costs of crossover from TRA to 
TFA did not change the direction of the results. The cost sav-
ing was driven mainly by the reduction in hospital stays as 
the use of TRA in diagnostic procedures allows patients to 
return to their homes in a period as short as one hour after 
the procedure. A recent study comparing supply and equip-
ment costs between both approaches for diagnostic cerebral 
angiography in the United States, showed that TRA had sig-
nificantly lower material costs compared to TRA, however is 
unclear if this study considered the same category of materi-
als and any length of stay24.

In the context of therapeutic neurointerventional proce-
dures, TRA was found relatively cost neutral, leading to a 
slightly higher total overall cost compared to TFA, with an 
incremental difference of e21.6 (leading to a difference of 
e21,561 considering a hypothetical population of 1000 
patients). The incremental cost is explained by the exclusion 
of the recovery cost variable from the therapeutic procedures 
model (base case), due to the lack of a sufficient amount of 
data to provide a reliable time estimate. In the alternative 
scenario, savings of e658 per patient are projected in the 
hypothetical case that a day of difference is observed 
between TRA and TFA. Hence, the observed cost difference 
in the base case largely depends on the higher access mater-
ial costs of TRA compared to TFA (e783.7 vs e608.4). A study 
investigating the hospital cost of all elective 

neuroprocedures performed in a single center showed that 
TRA access is associated with lower overall costs compared 
to TFA, where the driver of the lower cost was the reduction 
of hospital stay for patients in the TRA group25. In addition, 
TRA showed lower complications cost than TFA, leading to 
an incremental cost of – e153.7, mainly driven by the fewer 
complications that patients treated with TRA could present 
compared to TFA (28.2 vs 104.5). Analogous results were 
found in therapeutic neuro-procedures with TRA leading to a 
lower number of catheterisations without crossover. 
However, the crossover rates were considered to be lower in 
this group than in the diagnostic one. Multiple factors could 
be contributing to this scenario, the most likely one being 
the selection bias. Patients undergoing therapeutic proce-
dures are carefully selected to avoid complications, then 
most likely a radial diagnostic procedure has been already 
performed, and therefore it is known upfront if the patient’s 
anatomical features are appropriate to ensure the success of 
the arterial access. In a diagnostic procedure, the anatomy is 
unknown plus more vessels are being catheterized, which 
can also contribute to higher cross-over rates. Nonetheless, 
the values used in the model, are aligned with the literature. 
Two recent studies investigated the TRA success rate for 
diagnostic and interventional neuroprocedures and found 
that its value ranges from 88.8% to 98.9%, with the transition 
from radial to femoral route occurring in 2.2–6.5% of the 
cases19,26. The margin of the procedure failure – although 
low – might explain the need to occasionally crossover to an 
alternative catheterisation method.

These results have been tested in the DSA, where all var-
iations of the parameters did not change the cost-saving 
profile of TRA, even using a wider range of minimum and 
maximum values.

Our economic model is the first performed in Spain pro-
viding an early estimate of the cost implications associated 
with the implementation of radial access in neuro-procedures 

Figure 4. Results therapeutic deterministic sensitivity analysis (Tornado diagram, base case).
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compared with femoral access (diagnostic and therapeutic). 
This study supports results obtained by other investigators in 
the cardio-interventional and neurointerventional field, rein-
forcing the benefits of TRA for neuro-procedures, more pre-
dominantly in diagnostic procedures10,12,24,25.

Several other TRA-associated advantages described in the 
literature further endorse the hypothesis that TRA is a valid 
alternative in neuro-procedures. TRA has been shown to be 
particularly beneficial in certain sub-populations of patients. 
Some studies demonstrated reduced cumulative rates of 
bleeding complications, access-site injury and non-access-site 
complications with TRA compared to TFA (2.0% vs 7.5%) in 
extremely obese patients27. Pregnant patients undergoing 
TRA can perform arterial access sites away from the uterus, 
decreasing the radiation exposure to the fetus. Subjects on 
anticoagulants may also benefit from TRA due to better 
bleeding control. Finally, elderly patients (>75 years) also 
have been found to have a lower rate of major complications 
following TRA28. Another important feature is the patient 
preference for TRA compared to TFA, especially considering 
that undergoing TFA causes pain and great discomfort3,29,30. 
This higher preference for TRA has been expressed not only 
for diagnostic but also for therapeutic procedures that 
involve hospital overnight stays for observation30.

The transradial access technique also presents some limi-
tations, mostly related to its recent adoption in neurointer-
ventional procedures, especially in therapeutic ones 
currently dominated by TFA3. Performing therapeutic neuro-
interventions via radial approach can be challenging having 
limited access catheters and sheaths designed and 
approved for this purpose, or using guide systems designed 
for TFA.

On the other hand, the lack of robust comparative data 
about TRA efficacy and complications compared to TFA, par-
ticularly in therapeutic neuroprocedures is another reason 
that might slow TRA’s adoption. Anatomical variations in the 
arm or subclavian tortuosity can also lead to a few chal-
lenges for physicians: the lusoria artery highly increases the 
technical difficulty of performing TRA, and could require 
crossover to complete the procedure27. In addition, radial 
artery variants (e.g. radial loops) can make difficult catheter 
advancement31. The small calibre of the radial artery could 
occasionally cause vasospasms in response to catheterization, 
difficulting the completion of the procedure and/or leading 
to a crossover. However, literature may be influenced by the 
selection of each cohort of TRA and whether a minimum 
radial diameter was a determining factor.

This study has limitations. First, there is an imbalance in 
the number of patients treated using TRA in therapeutic neu-
roprocedures, therefore, data and estimates around TFA are 
more robust due to the greater experience. Secondly, not all 
key variables have been included in the therapeutic model 
(e.g. recovery times,) and therefore the economic impact of 
using TRA is not fully captured. Third, using a panel of 
experts may be subject to the presence of bias. In addition, 
given the study’s scope and data limitations, a probabilistic 
sensitivity analysis was not conducted. Further procedure 
experience and research quantifying the total hospital costs 

are required to confirm the results of this early economic 
analysis. Analysis of high-risk patient groups is also sug-
gested as the economic benefit from TRA could be greater. 
Moreover, this study does not consider indirect costs (infor-
mal care and productivity loss) associated with each 
approach, therefore it does not capture the potential eco-
nomic burden for patients.

Our findings, together with literature data, suggest that 
TRA appears to have a reasonable safety profile - together 
with the aforementioned promising findings – could further 
encourage neurointerventionalists to consider TRA as a valid 
alternative to gain access to the neurovasculature, which 
involves a paradigm shift and finding the optimal balance 
between the available approaches. Dominating both TFA and 
TRA can only maximize their benefits, ultimately, the final 
objective is to treat every single patient with the best 
approach and help overcome any issue for which no other 
alternative exists.

Conclusion

This early economic model suggests that the total direct 
costs and the number of complications associated with the 
implementation of TRA in diagnostics neuroprocedures are 
lower than those associated with TFA. In therapeutic proce-
dures, TRA is associated with fewer complications and is sug-
gested to be cost-neutral, although key variables such as 
shorter recovery times and intensity of care have not been 
included in the base case scenario. Our results are in line 
with other published findings; however, further studies are 
needed to better characterize the full potential of TRA in the 
neurointerventional field.
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