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Abstract 
 
Background 

The transradial access (TRA) site has become the default access site for PCI in the UK with 

randomized trials and national registry data showing reductions in mortality associated with 

TRA utilization.  This study evaluates regional changes in access site practice in England and 

Wales over time and whether changes in access site practice has been uniform nationally and 

across different patient sub-groups, and provide national estimates for the potential number of 

lives ‘saved’ or ‘lost’ associated with regional differences in access site practice. 

Methods and Results 

Using the BCIS (British Cardiovascular Intervention Society) database, we investigated 

outcomes for growth of TRA in different regions in England and Wales in 448,853 patients 

who underwent PCI, 2005-2012. Multiple logistic regressions used to quantify the effect of 

TRA on 30-day mortality and quantify lives ‘saved’ and ‘lost’ by differences in TRA 

adoption.  TRA utilization increased from 14.0% to 58.6% in 417,038 PCI patients with large 

variations in different parts of the country. TRA was independently associated with a 

decreased risk of 30-day mortality (OR=0·70; 95%CI=0·66-0·74) with significant but small 

differences observed across different regions. The number of estimated lives ‘saved’ was 450 

(95%CI=275-650) and estimate that an additional 264 (95%CI=153-399) lives would have 

been saved if TRA adoption were uniform nationally. 

Conclusions 

TRA has become the dominant PCI approach in the UK with a wide variation in different 

parts of the country. Changes in practice have contributed to mortality reductions, whilst 

inequalities have resulted in missed opportunities for further improvements.  

 
Key words: mortality, angioplasty, catheterization 
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Introduction 
 
 Since the introduction of the trans-radial (TRA) approach for diagnostic coronary 

angiography1 and then percutaneous coronary intervention (PCI)2 the radial artery has 

increasingly been adopted as the primary access site for cardiac catheterization in Europe and 

Asia, with growing uptake in the US.3 Adoption of the TRA access site is associated with a 

reduced rate of access site related bleeding complications4 and mortality5-10 as well as earlier 

ambulation,11 improved patient comfort and greater patient satisfaction12 Bleeding 

complications are amongst the commonest complications encountered in contemporary PCI 

and are independently associated with a 3-fold increase in mortality13, 14 It is widely believed 

that the consistently observed lower mortality risk that is associated with the choice of TRA 

is mediated through a reduction in major bleeding complications,8, 15 although there may be 

additional mechanisms that contribute to this mortality reduction independent to decreases in 

major bleeding.16 We have previously reported that the magnitude of this mortality reduction 

associated with TRA use is related to baseline bleeding risk7 

 Recent data from the UK has suggested that TRA utilization has grown from 16% to 

become the predominant access site in PCI for both elective and ACS indications6, 17 

Similarly, an increase in the radial approach has been reported in the US, albeit at a slower 

rate, from 1.2% in 2007 to 16% by 201218, 19 However, whilst previous national analyses 

have reported an association between radial access site choice and a reduced risk of mortality 

in high risk cohorts undergoing PCI5, 6, 9, 20 estimates regarding the number of potential deaths 

that may have been avoided through a change in access site practice from a national 

perspective have not previously been reported. Additionally there have been no national 

estimates about potential lives ‘lost’ as a consequence of regional differences and/or 

inequalities in the rates of increased radial access use for PCI. 

 We studied changes in PCI access site practice from a national perspective in England 

and Wales over an eight-year period using the British Cardiovascular Interventional Society 

database. Specifically, we assessed (i) changes in the characteristics of patients undergoing 

PCI over this timeframe, (ii) growth of TRA amongst different patient subgroups and (iii) 

differences in access site utilization across different regions. Finally, we estimated the 

number of potential deaths that may have been avoided by a wholesale change to TRA in 

access site practice across different parts of the country. 
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Methods 

 

The British Cardiovascular Intervention Society Database 
 
 The British Cardiovascular Intervention Society (BCIS) collects data on all PCI 

procedures in the UK21, 22. The data collection is coordinated by the National Institute of 

Cardiovascular Outcomes Research (http://www.ucl.ac.uk/nicor/) via the Central Cardiac 

Audit Database. In 2011, this dataset collected information on 99.4% of all PCI procedures 

performed in NHS Hospitals in England and Wales. 

 The BCIS-NICOR database contains a total of 113 variables, which includes 

information on clinical variables, procedural parameters and patient outcomes. Mortality 

tracking is undertaken by the Medical Research Information Service (MRIS) using patients’ 

NHS number that provides a unique identifier for any person registered with the NHS in 

England and Wales. 

Study inclusions 
 The data presented relate to all reported PCI procedures undertaken in patients in the 

United Kingdom between January 1, 2005, and December 31, 2012 (N=448853). PCI 

procedures performed via the left or right femoral artery or the left or right radial artery were 

included in the TFA and TRA cohorts, respectively (N=423032). Patients in whom the access 

site was unclear, missing or where multiple access sites were attempted / used and the 

primary access site that was used for the procedure could not be identified were excluded 

(N=25821; 5.8%). 

 

Statistical analyses 

All analyses were conducted in Stata v13.1 with an alpha level of 5% used throughout. 

We obtained spatial maps of England and Wales at Strategic Health Authority (SHA) level, a 

high level National Health Service (NHS) structure geography using the spmap command. 

Next, we proceeded with quantifying the effect of arterial access type (femoral only 

vs. radial only) on 30-day mortality, controlling for various patient characteristics: age, 

gender, diabetes, hypercholesterolemia, hypertension, peripheral vascular disease, 

cerebrovascular event, renal history, previous MI, previous PCI, previous CABG, family 

history of CAD, smoking (never smoked, ex-smoker and current smoker), indication for 

intervention (Elective, NSTEMI and STEMI), cardiogenic shock pre-procedure and 

ventilation pre-procedure. Area location deprivation (based on the 2007 Index of Multiple 
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Deprivation, or IMD) was not included in the model since it was completely missing for 

Wales. For 42.4% of the 423032 patients with femoral- or radial-only access type, values 

were missing for at least one covariate (Figure 1). Therefore, we employed chained equations 

multiple imputation methods (mi impute chained command) to impute missing values 

through linear, logistic or multinomial logistic regressions. We generated 50 datasets with 

imputed values, and through these we were able to include 98.6% of the patients (femoral 

only and radial only) in the logistic regression analysis. This analysis followed a mixed-

effects model specification (xtlogit command) to account for the nested structure of the data 

(patients nested within geographies) through the inclusion of random effects for Primary Care 

Trusts (or PCTs; a medium-level NHS structure geography, abolished in 2013), and was 

controlled for all the covariates previously mentioned as well as SHA (as a fixed-effect). The 

regression model also included interaction terms between access type and SHA, allowing us 

to estimate a different effect for access type in each geographical areas, after controlling for 

other covariates. The specified model was then run with the mi estimate command, in order to 

combine estimates across the 50 imputed datasets. 

Using the combined model estimates (across the 50 datasets) with the mimrgns 

command (and necessarily assuming that the random-effect of the model was zero), we 

calculated the probability of 30-day mortality by arterial access type, within each SHA and 

year while setting all covariates at their mean values within each SHA-year stratum. This 

allowed us to calculate the difference of these probability estimates within each strata and 

pool their errors to obtain the standard error of the difference. These differences in the 

patient-level effect of access type were then aggregated for each SHA-year stratum using the 

number of performed operations, allowing us to calculate the number of lives ‘saved’ and 

‘lost’ at 30 days (and their 95% confidence intervals). We defined as ‘saved’ lives the number 

of 30 day deaths that were prevented with the use of radial-only access, compared to a 

hypothetical scenario where only femoral-only operations were performed within the stratum. 

Lives ‘lost’ (speculative) were similarly defined as the number of 30-day deaths that would 

have been prevented with the use of radial-only access, in hypothetical scenarios where their 

rate was higher than what was observed in practice. In the first scenario, the rate was set to 

the highest observed radial-only rate across all strata and years (82.9%), which was assumed 

to have been feasible for the whole of our study period. However, this overall maximum rate 

might have not been possible in earlier years because of inexperience, equipment 

inefficiencies or other factors. Therefore, we used a second scenario to calculate lives ‘lost’ 
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(conservative), where the hypothetical radial-only access rate varied over time, and it was 

assumed to be the highest observed stratum rate within the respective year. 

Using a similar modeling approach, multiple imputation multiple logistic regression 

with the logit and mimrgns commands, we also investigated the relationship between patient 

characteristics, year and region with choice of arterial access type. The same database of 50 

imputed datasets was used for this purpose, but this time we encountered non-convergence 

issues with mixed-effects models (xtlogit) and we had to compromise with a simpler fixed-

effects only model. All covariates previously listed for the mortality analysis were included 

as potential predictors, with the exception of arterial access type which was now the outcome. 

The mimrgns command was use to obtain the probability of radial-only access by year, 

setting all covariates to their mean levels within each year. 

Finally, we also ran a propensity score matching sensitivity analysis for mortality, 

with the teffects psmatch command. Under this analysis we calculated the average treatment 

effect of radial- vs femoral-only access after propensity score adjustment, as a probability 

difference over the 50 imputed datasets. The propensity score for each patient was calculated 

using a logistic model, in which we included all the covariates that were included in the main 

analyses. 

Results 
 
 A total of 448,853 patients underwent PCI from 2005 to 2012 in England and Wales, 

of whom 25,821 (5·8%) were excluded because access site utilized was either missing, 

unclear or multiple access sites were attempted and primary access site utilized could not be 

identified. Figure 1 illustrates the flowchart of patient inclusion and exclusion. A total of 

159,425 PCI procedures (35·5%) were undertaken through the TRA. TRA utilization 

increased from 14% to 58·6% between 2005 and 2012. Table 1 illustrates changes in the 

clinical and procedural demographics in patients undergoing PCI from 2005-2012. The 

number of patients per year undergoing PCI increased from 37,658 in 2005 to 65,476 in 

2012. Over time, mean patient age as well as diabetes and renal disease prevalence increased, 

and patients were more likely to undergo PCI for STEMI indications but less likely to 

undergo elective PCI. 

 Figures 2a and 2b illustrates rates of TRA utilization in Primary Care Trusts in 

England and Local Health Boards in Wales, between 2005-2012. It can be seen graphically 

that TRA utilization has increased in all regions of England and Wales over time, but that 
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there were very large variations in TRA adoption in different parts of the country, with the 

greatest growth in the North East, North West, Midlands and Wales whilst adoption in the 

South East Coast and London has been the slowest.  

 Table 2 presents the clinical and procedural demographics of patients undergoing 

TRA PCI between 2005-2012. Over this time period PCI undertaken through TRA were in 

increasingly more complex patients, who were older, more likely to have ACS, and 

cardiogenic shock. Table 2 also reports some of the inequalities of TRA adoption observed 

nationally. Uptake of TRA was slowest in the least deprived areas and greatest in those areas 

at highest deprivation and there was significant variation in TRA uptake amongst different 

SHAs, with rates between 4·9% (Yorkshire and the Humber) and 37·6% (North East) in 2005 

and between 28·0 % (South East Coast) and 81·2 % (North East) in 2012. 

 Table 3 illustrates independent predictors for TRA adoption in England and Wales. 

The odds of patients undergoing PCI in 2012 were over 11 times higher compared to 2005 

(OR=11·6; 95%CI=11·2-12·0) compared to 2005. The odds of patients undergoing PCI 

through the radial artery were lower if they were female, elderly, had previous CABG or 

presented with cardiogenic shock. SHA appeared to be an important independent predictor of 

access site choice, and patients in the South East Coast were much less likely to undergo PCI 

through the TRA route, than patients in the North East (OR=0·07; 95%CI=0·07-0·08). Table 

4 illustrates predictors of 30-day mortality, with TRA utilization independently associated 

with a decreased risk of 30-day mortality (OR=0·70; 95%CI=0·66-0·74). There were no 

significant differences observed in the mortality benefit observed with TRA adoption in the 

different SHA studied once differences in baseline covariates were adjusted for. An 

alternative model without interaction terms, where the other covariates can be interpreted, is 

provided for completeness in Supplementary Table 1. 

 Estimated lives ‘saved’ and ‘lost’ (conservative), as a consequence of change in 

access site practice over time in each individual SHA, are presented in Supplementary Tables 

2 and 3 and graphically in Figure 3. Over the eight-year study period, the fewest lives ‘saved’ 

occurred in the South East Coast with 0 (95%CI=0-9) and the greatest number in the South 

West with 79 lives (95%CI=56-102), while the total number of estimated lives ‘saved’ was 

450 (95%CI=275-650). In terms of conservative lives ‘lost’, if TRA adoption was uniform 

nationally to the highest observed SHA rates within each year (which was consistently in the 

North-East), an additional 264 (95%CI=153-399) lives would have been saved between 

2005-2012. Speculative lives ‘lost’ when compared to a hypothetical scenario where radial 

access percentages across all strata are 82.9%, the highest percentage observed are presented 
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in Supplementary Table 4 and Supplementary Figure 1, and the overall estimate was 385 

(95%CI=224-573), over the study period. 

 Results from the propensity score matching sensitivity analysis on 30-day mortality 

agreed with the main analysis results. The average treatment effect of radial-only vs femoral-

only was estimated to be -0·0052 (95% CI: -0·0067 to -0·0036), compared to -0·0046 (95% 

CI: -0·0058 to -0·0034) from the main analysis. The comparative benefit of TRA appeared at 

least as strong in the sensitivity analyses. 

Discussion 
 
 TRA has grown globally to become the predominant access site for PCI procedures 

although significant differences in its adoption have been reported worldwide. Our analysis 

has shown that the radial artery has become the predominant access site for PCI procedures in 

England and Wales over a period of eight years, with a rate of around 60% nationally in 

2012. Adoption of TRA has been widely heterogeneous in different parts of the country, 

varying between 28·0% in the South coast and 81·2% in the North-East, in 2012. We report 

that this change in national access site practice is associated with utilization of TRA in 

increasingly more complex patients, such as those with ACS, the elderly and those with 

cardiogenic shock. We estimated that this change in access site practice nationally has 

contributed to 450 lives ‘saved’ whilst inequalities in these changes have contributed to over 

260 lives ‘lost’, over a period of eight years.   

 In the current study we have evaluated temporal trends in TRA adoption nationally in 

England and Wales and show significant heterogeneity in TRA adoption across the country 

with TRA utilization varying from 28% in the South coast to 81.2% in the North East of 

England. Our analysis shows that even when differences in baseline clinical demographics 

that may influence TRA choice are accounted for, significant heterogeneity in TRA adoption 

exists across SHA with patients in the South East Coast 93% (OR 0.07 95% CI 0.073-0.080; 

P<0.001) less likely to undergo PCI through the TRA approach than those patients in the 

North East. Other studies derived from the NCDR have suggested significant heterogeneity 

across the US with rates of TRA adoption varying from 12 to 38% in the Northeast and South 

respectively19  

 The growing number of dedicated training courses and workshops have helped to 

expand interest in this technique worldwide23 with many of the TRA training courses in the 

UK based in the areas with the greatest adoption of the TRA such as the West Midlands. This 
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highlights the importance of such dedicated training courses and workshops and has 

important implications for other countries such as the United States who are still in the early 

stages of radial adoption nationally. Indeed, in a recent survey around barriers to TRA 

adoption in Veterans’ Administration catheterization laboratories undertaken in the United 

States, important barriers such as lack of training opportunities (18%), perceived long radial 

learning curve for cases (43%) and lack of support from other interventional cardiologists or 

other catheterization staff (20%) were identified as important barriers that prevented adoption 

in many VA laboratories24 It is possible that many of these findings are equally applicable to 

UK interventional practice. Newly appointed consultants are more likely to have received 

formal training in use of the TRA in PCI than established consultants who often lack such 

training opportunities, and are limited by operational barriers within their departments. In a 

recent survey amongst 204 interventional cardiologists across the UK, there was a correlation 

between access site preference for PCI and years since qualification, with operators whose 

primary access site choice was femoral having been qualified on average 5 years earlier than 

those in whom radial was their default choice25 It is unclear from our current analysis 

whether SHAs in which the greatest adoption of TRA are also the ones in which most new 

interventional appointments have been undertaken. Finally, the SHA in which the greatest 

growth of TRA has been observed are also the SHA were the earliest adopters and pioneers 

of TRA practice are based, many of whom undertook periods of training in the Netherlands 

where use of TRA for PCI was pioneered. It is possible that the high rates of TRA adoption 

in these regions have been driven by these early pioneers through education and active 

promotion and support of TRA use in their units. 

 A recent meta-analysis of 42 studies in over ½ a million patients has reported that 

peri-procedural major bleeding complications in the PCI setting are independently associated 

with a 3-fold increase in mortality13 with recent NCDR registry data suggesting that 1 in 7 of 

all PCI deaths in the US were related to bleeding complications26 Access site related bleeding 

complications account for up to half of bleeding events recorded during PCI14, 27 with 

adoption of the TRA associated with reductions in major bleeding complications and 

mortality in selected UK and North American cohorts6, 9, 17 The recent MATRIX trial 

suggests that there is no significant interaction between pharmacology and anti-platelet usage 

and the mortality benefit associated with TRA10 Recent work data derived from national 

registries and randomized controlled trials has suggested that TRA use in primary PCI is 

associated with a similar decreased mortality risk as observed in the switch from 

thrombolysis to primary PCI for revascularization5, 9, 28 Previous studies have suggested that 
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patients at highest risk of bleeding complications gain the greatest benefit from adoption of 

the TRA approach, but are least likely to receive it7 Indeed our recent work suggests a 

mortality benefit associated with TRA use across both elective as well as ACS indications for 

PCI, although the mortality benefit associated with TRA use in elective cases was modest.6 

Whilst reductions in major bleeding may contribute to the mortality reductions associated 

with TRA, other studies have suggested that the reduction in mortality associated with TRA 

adoption can not be explained by the reduction in major bleeding alone.16  

 Our analysis has estimated that over the period of eight years studied, this national 

change in access site practice has contributed to around 450 ‘saved’ lives with the greatest 

number of lives ‘saved’ in the South West (79 lives), West Midlands (68 Lives) and North 

East (65 lives). We have also shown that once differences in baseline covariates were 

adjusted for, the magnitude of benefit of TRA was similar across different SHAs studied, and 

that on average TRA is associated with a 32% reduction in the risk of mortality (OR=0·70; 

95% CI=0·66-0·74) which is similar in magnitude to recent RCTs (albeit reporting outcomes 

in the ACS setting) including MATRIX (RR 0·72, 95% CI 0·53-0·99; p=0·045) 10, RIFLE-

STEACS (43% reduction in CV mortality) 28, STEMI-RADIAL (26% reduction)29 and 

RIVAL (STEMI group 0·60 OR 0·38–0·94, P=0.026) 30. The significant heterogeneity in 

TRA adoption across the UK, even after adjusting for differences in clinical and procedural 

characteristics, has resulted in lost opportunities in optimizing PCI safety, where we have 

conservatively estimated that as many as 264 additional lives may have been ‘lost’ due to 

inequalities in TRA adoption. 

 Our analysis has suggested that even after adjustment for clinical presentation, year of 

procedure and strategic health authority, patients at higher risk of bleeding complications 

such as the elderly and females and patients presenting with hemodynamic instability are less 

likely to receive TRA. This is in agreement to observations recorded from North American 

datasets,15, 31 despite the greatest potential benefit in limiting bleeding complications in these 

patients, supported by recent data derived from a radial default centre in the UK32 Significant 

challenges remain in ensuring more widespread adoption of TRA in PCI particularly in those 

patients at highest risk of bleeding complications who derive greatest benefit. Finally, there 

will be a proportion of patients, by means of their clinical presentation with significant 

haemodynamic compromise or through anatomic reasons such as brachiocephalic disease, 

radial loops or hemodialysis access where a TRA procedure cannot be completed. In such 

patients, optimal femoral access site practice, such as micropuncture techniques using 

fluoroscopic or ultrasound guidance for femoral access should be considered. 
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 Our analysis has a number of limitations. First and foremost, this is an observational 

study and the risk of confounding is real. TFA use is often the preferred access site choice for 

patients who are hemodynamically unstable and more complex (and consequently at higher 

risk of mortality)20 To minimize the confounding risk, we used advanced multiple regression 

models in which we controlled for important covariates and adverse procedural and clinical 

characteristics; propensity score matching sensitivity analyses verified the findings from the 

main analyses. However, we may still be over-estimating the effectiveness of TRA. Second, 

missing data is a common problem for observational databases and the BCIS database is no 

exception. We used multiple imputation approaches, which offer excellent protection against 

missing completely at random (MCAR) and missing at random (MCAR) mechanisms for the 

data33, 34 and managed to include 96·7% of eligible patients in the analyses. However, 

information for some covariates might be missing not at random (MNAR) and thus 

introducing bias into our estimates, although multiple imputation can still offer some 

protection in this case. Third, we could not control the regression models for patient residence 

area deprivation, since the information was completely missing for Wales. Nevertheless we 

expect the additional predictive power of deprivation to have been small, considering the 

large number of patient characteristics that were included in the models. Fourth, the BCIS 

dataset does not contain information on crossover between access sites due to failure for 

cases in which multiple access sites were used, although such cases were excluded from the 

analysis when the access site utilised was not clear. Most multiple access site cases are likely 

to represent cases in which radial was attempted and then the case was converted to femoral, 

however, up to 10-30% can be procedures that were initially started through a femoral 

approach and switched to radial10, 28, 29. In addition, these cases are likely to be more 

complicated and if classed as femoral, since they are the majority, the analyses would tend to 

overestimate the relative benefit of radial. Nevertheless, in a sensitivity analysis where we 

classed all multiple access procedures where femoral was attempted as femoral, the effect 

was almost identical with OR=0·69 (95%CI=0·65-0·73). Finally, as with all such 

observational analyses, the association of TRA choice in PCI and decreased mortality cannot 

infer causality, although the mortality reductions that we report are in line to those reported in 

contemporary RCTs. 

 In conclusion, our analyses have shown that TRA has grown to be the dominant 

access site for PCI procedures in England and Wales over a period of eight years although the 

adoption of TRA has not been uniform, with a wide variation in different parts of the country. 

Although patients who have the highest risk of bleeding complications (elderly, women) are 
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least likely to have PCI undertaken through TRA, there has been a change in national access 

site with TRA utilization in increasingly more complex patients, such as those with ACS, the 

elderly and those with cardiogenic shock or those requiring circulatory or inotropic support. 

TRA was independently associated to mortality reductions and over eight years, we estimated 

that this change in national access site practice has contributed to over 450 lives saved, whilst 

inequalities in changes in access site practice have contributed to over 260 lives ‘lost’. 

Significant challenges remain in a more uniform adoption of TRA nationally even in the UK 

where TRA represent the commonly used access site, particularly in those patients at highest 

risk of bleeding complications who have most to benefit. More uniform access to training 

opportunities nationally may be needed, to maximize the clinical benefit for patients 

undergoing PCI. 
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Figure 1: Flowchart of patient inclusion/exclusion 

448853 patients operated 
between 2005 and 2012 in 

England and Wales*

423032 patients with 
femoral only or radial only 

access

25821 patients excluded (5.8%): 
unclear, missing or mixed 

operation access type

417038 patients (98.6% of 
patients with femoral only or 

radial only access)‡

179398 patients (42.4%) with at 
least one of these missing: age, 
sex, medical history variables, 

smoking information, indication 
for intervention, cardiogenic shock 

pre-op and ventilation pre-op† 

Multiple imputations that included 
all predictors possible for 173404 

(96.7%) of the patients with at 
least one missing predictor

 
 

* Population used in tables and graphs 
†Medical history variables included: diabetes, hypercholesterolaemia, hypertension, peripheral vascular disease, 
cerebrovascular event, renal history, previous MI, previous PCI, previous CABG and family history of CAD. 
‡ Subsample used in logistic regression analyses 
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Figure 2a: Change in radial access site adoption in Primary Care Trusts in England and Local 
Health Boards in Wales, 2005-2008 
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Figure 2b: Change in radial access site adoption in Primary Care Trusts in England and Local 
Health Boards in Wales, 2009-2012 
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Figure 3: Mean estimates of 30-day lives ‘saved’ (top) and ‘lost’ (bottom), by Strategic Health Authority over time*† 

 

 
* ‘Saved’, when compared to a hypothetical scenario where no radial access operations are performed in any areas 
† ‘Lost’, when compared to a hypothetical scenario where radial access rates across all strata are set to the highest percentage observed within each year 
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