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Abstract	
Objectives: Using the British Cardiovascular Intervention Society PCI database, access site choice and outcomes of patients undergoing PCI with previous CABG (PCI-CABG) were studied. Background: Given the influence of access site on outcomes, use of radial access in PCI-CABG warrants further investigation. Methods: Data were analysed from 58,870 PCI-CABG procedures performed between 2005 and 2014. Multivariate logistic regression was used to identify predictors of access site choice and its association with outcomes. Results: The number of PCI-CABG cases and the percentage of total PCI increased significantly during the study period. Femoral artery (FA) utilisation fell from 90.8% in 2005 to 57.6% in 2014 (p<0.001) with no differences in the rate of change of left vs. right radial use. In contemporary study years (2012-14), female sex, ACS presentation, CTO intervention, and lower operator volume were independently associated with FA access. Length of stay was shortened in the radial cohort. Unadjusted outcomes including an access site complication (1.1 vs. 0.3%, p<0.001), blood transfusion (0.2% vs. 0.04%, p<0.001), major bleeding (1.3 vs. 0.4%, p<0.001) and in-hospital death (1.1 vs. 0,6%, p=0.001) were more likely to occur with FA access compared to radial access. After adjustment, whilst arterial complications, transfusion and major bleeding remained more common with FA use, short and longer-term mortality, and MACE rates were similar. Conclusions: In contemporary practice, FA access remains predominant during PCI-CABG with case complexity associated with it use. FA use was associated with longer length of stay, and higher rates of vascular complications, major bleeding and transfusion. 








Condensed abstract
Using a national PCI database, access site choice and outcomes of 58,870 PCI procedures in patients with prior CABG were assessed. Femoral artery (FA) utilisation fell from 90.8% in 2005 to 57.6% in 2014 (p<0.001). Covariates independently associated with FA access for native vessel PCI included CTO PCI, female gender, and ACS presentation. After adjustment for baseline differences, an access site complication, blood transfusion, and major bleeding were more likely to occur with FA access compared to radial access although mortality rates were similar between the two cohorts.
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Abbreviations
BCIS - British Cardiovascular Intervention Society
CABG – Coronary artery bypass surgery
CCS- Canadian Cardiovascular Society
CTO - Chronic total occlusion
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NICOR - The National Institute of Cardiovascular Outcomes Research 
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OR - Odds ratio
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Introduction
Radial arterial access is increasingly used for percutaneous coronary intervention (PCI) worldwide.1-2 Many factors have driven this change in practice over the last decade including a reduction in major bleeding, transfusion and access site complications, an improvement in patient experience, a reduction in length of stay, and a reduction in mortality in certain sub-groups.3-10 Although there remains a significant variation in radial rates by country, centre and operator, many default radial centers now perform over 90% of procedures using radial access.11

Access site choice is defined by a number of factors including physician practice and preference, patient variables, coronary anatomy, radial occlusion and arterial spasm.12,13 However, particularly complex case sub-groups such those patients with a history of CABG and those with chronic occlusive disease may still be undertaken using femoral arterial access. In particular, patients with a history of prior coronary artery bypass surgery (CABG) undergoing PCI (PCI-CABG) may be more difficult to treat using radial access because of uncertain graft location, left radial or bilateral mammary artery use, and a propensity for chronic occlusive disease (CTO). .14,15 Problems include difficulties in seating the guide catheter adequately in a stable position, achieving adequate guide support, and/or reaching the ostia of venous grafts, and even following graft cannulation catheter support from the aortic sinus or opposite aortic wall may sub-optimal due to the position of the graft ostia. 

We have previously demonstrated successful treatment of saphenous vein graft disease via radial access in a two centre UK study.16 However, access site outcomes in general for patients with prior CABG are poorly defined with only 1 randomised and 8 nonrandomized studies, and a total of 2,763 patients’ data published.17  Therefore, the aim of the present study was to use the British Cardiovascular Intervention Society (BCIS) National PCI Audit data from 2005 to 2014, to explore changes in national arterial access site practice in patients with prior CABG by  examining the baseline demographics, procedural characteristics and predictors, and the outcomes of patients undergoing PCI from the femoral artery compared to the radial artery.

Methods
Study design, setting and participants
We analysed national data from all patients undergoing PCI with a previous history of CABG and without cardiogenic shock in England and Wales between January 2005 and December 2014. Participants with missing information on access site or CABG status were excluded. 

Setting, data source, and study size
Data on PCI practice in the United Kingdom were obtained from the British Cardiovascular Intervention Society (BCIS) dataset that records this information prospectively and publishes this information in the public domain as part of the national transparency agenda.18 In 2014, 98.6% of all PCI procedures performed in the National Health Service (NHS) hospitals in England and Wales (www.bcis.org.uk/) were recorded on the database. The BCIS-NICOR database contains 113 clinical, procedural and outcomes variables with approximately 80,000 new records added each year. The participants of the database are tracked by the Medical Research Information Services for subsequent mortality using the patients' NHS number (a unique identifier for any person registered within the NHS in England and Wales). All data were collected as part of a national audit and were anonymized and therefore institutional review board approval was not required for this study.

Study definitions
Using the BCIS dataset, patients were categorised into either radial or femoral access during PCI-CABG. Multiple arterial access and unlisted access site were excluded from the analysis. Study definitions were used as in the BCIS-NICOR database.18 Specifically, pre-procedural renal failure is defined as any one of the following: creatinine >200µmol/l, and acute or chronic dialysis. An access site complication is defined as either a false aneurysm, haemorrhage (without haematoma). haemorrhage with delayed discharge, retroperitoneal haematoma, femoral arterial dissection, or any access site complication requiring surgical repair. In-hospital major bleeding was defined as either gastrointestinal bleed, intra-cerebral bleed, retroperitoneal hematoma, blood or platelet transfusion, or an arterial access site complication requiring surgery.

Data analyses
All study years (2005-2014) are presented initially to study temporal changes in access site. However, for the purposes of examining the predictors of access site for CABG-PCI, analysis was restricted to the final three years of data (2012 to 2014) to encompass more contemporary interventional practice and when changes in access choice rates were minimal. For these years, we examined the baseline characteristics of participants, the procedural details, individual operator CABG-PCI volumes, individual centre CABG-PCI volumes and clinical outcomes by femoral access vs. radial access. Data are presented by native vessel or graft vessel. We tested for associations between each categorical variable and access site using a Chi-squared test, and for continuous variables we used one-way analysis of variance. We then performed an analysis of the predictors of access site for the overall cohort, and then by sub-groups of native vessel, graft PCI, ad-hoc PCI and CTO PCI for the period 2012-2014. We used multivariate logistic regression to investigate the influence of variables that have the potential for being included in the linear component of a proportional hazard model. Variables included in the model were age, gender, presentation, NHYA class, previous MI, previous PCI, diabetes, BMI, hypertension, ejection fraction, lesion location, number of vessels diseased, CTO attempt, rotational and laser atherectomy use, micro-catheter use, penetration catheter use and renal failure. To correct for missing values, we first imputed missing data on baseline covariates using multiple imputations with chained equations to adjust for missing data. We then ran a stepwise forward selection with a proportional hazard model with p < 0.1 as entry criteria. 

The outcomes of interest were in-hospital mortality, 30-day mortality, 1-year mortality, in-hospital bleeding, re-infarction, emergency CABG, stroke, cardiac tamponade, side branch occlusion and coronary dissection for which we initially calculated the crude rates by access site. Mortality outcome data were available for 94.5% of patients at 30-days and 92.3% as 12-months. Individual logistic regressions were done on the imputed data set for each of the MACE events according to the access site to quantify the independent association between access site and outcomes. In order to take into account baseline characteristics that might influence outcomes, we performed a propensity score analysis using the inverse probability of treatment weights. The weights were derived from a logistic regression with the following variables: age, gender, clinical presentation, NYHA class, previous MI, previous PCI, previous CABG, diabetes, hypertension, peripheral vascular disease, cerebrovascular disease, renal failure, left main and CTO attempt. A time to event analysis was performed using Kaplan-Meier curves, log-rank tests and Cox proportional hazard model to estimate the corresponding hazard ratio for mortality. 

Results
Temporal changes in access site choice and vessel type for PCI-CABG between 2005 and 2015
Between 2005 and 2014, 58,870 PCI’s were undertaken in patients with prior CABG in England and Wales with significant increases in overall PCI (p<0.001) and PCI-CABG (p<0.001) numbers (Figure 1). PCI-CABG as a percentage of total PCI rose from 7.7% in 2005 to 10.5% in 2014 (p=0.0485, Figure 1 grey circles). Overall, femoral artery utilisation fell from 90.8% in 2005 to 57.6% in 2014 (Figure 2A, p<0.001 for trend). During the study period, there was a temporal change in the vessel treated with a significant relative reduction in graft PCI compared to native vessel PCI (p=0.0125, Figure 3A) although the absolute numbers of both increased significantly as the proportion of patients with a CABG history undergoing PCI increased. Femoral access use for PCI in graft vs. native vessel PCI fell in a parallel fashion although femoral access rates for native vessel PCI were consistently lower for all years apart from 2005 (Figure 3B). Patients with a history of CABG were older and had a significantly greater burden of comorbidity such as hypertension, renal failure, previous PCI, anti-coagulation, and diabetes than patients without previous CABG (Supplementary table 1). 

Baseline demographics by vessel type and access site choice for PCI-CABG from 2012 to 2014
The baseline demographics by vessel type and access site for patients undergoing PCI-CABG between 2012 and 2014 are presented in Table 1. Patients undergoing native vessel PCI-CABG via the femoral artery were older, more likely to be female, present with an acute coronary syndrome and have more comorbid conditions than patients treated via the radial artery. Although there were fewer differences between the two access site cohorts for graft PCI patients undergoing graft PCI were in general older with a much greater burden of comorbidity than native vessel PCI patients (Table 1). 

Procedural variables by vessel type and access site choice for PCI-CABG from 2012 to 2014
The procedural variables for PCI-CABG by vessel type and access site are presented in Table 2. In patients undergoing native vessel PCI, femoral access was more commonly used for right coronary PCI, whilst radial access was more commonly for left main and LAD PCI. Additionally, the complexity of the intervention was closely associated with access choice in native vessel PCI with a primary consultant operator, CTO-PCI, intra-vascular ultrasound, penetration catheter, micro-catheter, and Crossboss/Stingray use all more frequently utilised when femoral artery access was chosen. Differences in access site for graft PCI were fewer with intra-vascular ultrasound, laser atherectomy and distal protection more frequently used in the radial cohort. 

Baseline demographics and procedural variables by left or right radial access from 2012 to 2014
Although the left radial was used left frequently than the right radial, both increased at a highly significant rate over time (p<0.001for both trends), with no significant difference in the rate of change between the two access sites (Figure 2B). An analysis of left or right radial access site use is presented in Supplementary table 2. This illustrates that when radial access is utilised, the left radial is more likely to be selected for acute coronary syndrome cases, ad-hoc PCI, graft intervention and for distal protection (p<0.001 for all comparisons). Conversely, the right radial artery is more likely to be used in native vessel PCI, with rotational atherectomy and in CTO intervention (p<0.001 for all comparisons). 

Operator and centre volume and access site choice for PCI-CABG from 2012 to 2014
There was a negatively skewed distribution of operator volume of CABG-PCI cases with a significant number of low volume operators and a median during the study years 2012-2014 of 20 cases in total. There was also negatively skewed distribution of centre volume of CABG-PCI cases with a significant number of low volume centres and a median of 120 cases. There was a correlation between tertiles of operator volume and the likelihood of femoral access and between tertiles of operator volume and femoral access (p<0.001 for both comparisons, Table 3). There was a weak correlation between individual operator volume (r2=0.1006, p=0.016), but not individual centre volume (r2=0.1373, p=0.117, Supplementary figure 1). However, there was a very wide variation in access site choice for a particular decile, with femoral access use ranging from <20% and >80% within all operator volume categories below 50 cases. 

Predictors of access site choice for PCI-CABG by vessel type from 2012 to 2014
Using multivariate analyses, covariates associated with access site choice in patients with previous CABG between 2012 and 2014 were identified and are presented in Table 4. Clinical factors associated with higher rates of femoral access use were female sex, ACS presentation, and chronic renal disease whilst chronic anticoagulation was associated with lower rates of femoral access use. Procedural complexity factors such as chronic occlusive disease intervention, CrossBoss use, graft intervention and previous PCI were all independently associated with femoral artery access. Additionally, higher operator volume was independently associated with a lower rate of femoral access with an odds ratio of 0.81 (95% CI [0.74-0.88], p<0.001) for the comparison of the intermediate tertile vs. the lowest tertile, and an odds ratio of 0.68 (95% CI [0.56-0.82], p<0.001) for the comparison of the highest tertile vs. the lowest tertile. Further analyses of covariates associated with access site choice in important sub-groups including native vessel by presentation type, native vessel by CTO status and graft vessel by presentation type were performed, and the results presented in Supplementary Tables 3-5. 

Clinical outcomes by access site choice for PCI-CABG from 2012 to 2014
The number of successful lesions was similar for radial and femoral access although post-procedural TIMI 3 flow was more frequent in radial access cases (Supplementary Table 6). Immediate coronary complications including coronary perforation, coronary dissection and major side-branch loss occurred with similar frequency between the two access sties. However, an access site complication (1.1 vs. 0.3%, p<0.001) was significantly more likely to occur with femoral access. The crude unadjusted clinical outcomes including blood transfusion (0.2% vs. 0.04%, p<0.001), in-hospital major bleeding rates (1.3 vs. 0.4%, p<0.001, and mortality at 30-days and 1-year were significantly higher in the femoral cohort (Supplementary Table 6). After propensity score analysis to adjust for differences in baseline demographics that might influence patient outcomes, only arterial complications, transfusion and in-hospital major bleeding were more common in the femoral cohort (Table 5). The adjusted Kaplan Meier curves for 12-month survival by access site are displayed in Figure 4.

Length of stay for the whole study population was significantly lower in the radial cohort with same-day discharge also more likely (Supplementary Table 7). These differences were mainly driven by greater reduction in LOS with the elective cohort compared to the ACS cohort (Supplementary figure 2). 

Discussion
In the United Kingdom, radial artery access for angiography and PCI has risen steadily year on year. It is noteworthy therefore, that despite the major change in overall practice, several sub-groups of PCI procedures such as CTO-PCI continue to be undertaken more often from the femoral artery.19 In the current study, more than half of all PCI procedures in patients with a history of CABG performed in the most recent year of analysis (2014) were performed via femoral arterial access. This contrasts with the most recent BCIS National Angioplasty Audit in which for the same year, 75.3% of all PCI procedures were performed using the radial artery.11 These data are all the more relevant given the significant increase in the overall numbers of PCI-CABG procedures from 3,092 in 2005 to 8,757 in 2014. Although there may be a lag-effect in operators’ skills to undertake PCI-CABG radially, the flattening of the radial uptake curve illustrated in our data make it unlikely that the radial rates observed across all PCI in the UK will be translated into PCI-CABG practice in the near future. It is also interesting to note that the baseline features of the PCI-CABG cohort were very different compared to a general PCI cohort i.e. advanced age, increased comorbidity and more frequent chronic anti-coagulation. Therefore, paradoxically this cohort of patients with characteristics of increased bleeding risk paradoxically are less likely to undergo PCI using radial access than a lower bleeding risk generalised PCI population. 

In the current study, there were several baseline and procedural factors that were associated with access site choice for PCI-CABG for PCI. Clinical factors such as female sex and chronic renal impairment presumably reflect difficulties in adequate arterial cannulation due to radial artery caliber or calcification. The association between an ACS presentation and femoral artery use might be explained by a lack of information on the previous CABG available in the acute setting and therefore operators defaulting to the femoral artery to facilitate imaging of both mammary arteries. Additionally, although operator volume was associated with access site choice, it was a striking to observe a very wide range in femoral access use for all deciles of procedure volume and it seems unlikely that this variation is explained by a differential case mix between operators. These data therefore suggest that operator comfort and personal choice, rather than patient and procedural factors significantly influence access site choice for PCI in patients with previous CABG. Therefore, entrenched practice is potentially leading to avoidable adverse patient outcomes.14 Our data also illustrate that patients with a history of CABG are more likely to present with factors associated with higher rates of femoral access such as advanced age, hypertension, diabetes, previous PCI and renal failure than patients without prior CABG.20 Despite these concerns and technical challenges, there are published series of high radial success rates and novel interventional techniques for PCI-CABG.15,16,21-26 Indeed a recent meta-analysis of 2,763 patients derived from 1 randomised and 8 non-randomised studies of patients with previous CABG undergoing PCI, demonstrated similar procedure times, contrast volumes and success rates between radial and femoral access.17 

Evolving CTO strategies have provided alterative native vessel interventional targets in patients with previous CABG who frequently have chronic occlusive disease. Several recent publications of CTO-PCI  in patients with a history of CABG have demonstrated high procedural success rates confirming the validity of this as a viable strategy.27-29 However, our group recently demonstrated that in contemporary UK practice, the femoral artery remained the predominant access site for CTO intervention (with or without a history of CABG).19 Therefore, the propensity for chronic occlusive disease in patients with previous CABG, and the close association between femoral access and CTO intervention are likely to result in continuing high femoral artery use in for PCI-CABG procedures.

Although acute coronary complications were similar between the femoral and radial cohorts, there was a significant increase in access site complications in the femoral cohort. This was associated with increases in transfusion, and major bleeding which persisted after correction for baseline imbalances in the two cohorts. Although the crude unadjusted data suggest an association between mortality and access site choice, these differences were lost after use of propensity adjustment to correct for baseline imbalances between the radial and femoral cohorts. These data are consistent with previous data suggesting that although in certain subgroups such as those undergoing primary PCI, radial access is associated with a survival benefit,30 mortality is not necessarily lower in unselected patient cohorts. The adverse vascular access site outcomes are likely to be a contributor to the longer length of stay seen in the femoral cohort, although the major driver of shortened length of stay may simply be earlier ambulation and patient self-caring. Additionally, radial access for elective PCI appeared to significantly enhance the day-case procedures. This in itself is an important observation, with a recent US study suggesting that modest changes in access site choice might lead to annual savings nationally of $300 million.31

In considering the possible disadvantages of the radial approach, excess contrast and radiation doses have been suggested as a potential barrier to its widespread adoption. Although the BCIS dataset does not record contrast use, it is reassuring to observe that the rate of acute kidney injury is numerically lower in the radial cohort. Additionally, two previous meta-analyses have concluded that in patients undergoing PCI with a history of CABG, radial access is not associated with an increase in contrast usage.32-33 There is also no consistency in the data examining radiation dose and access site in a general PCI cohort.34-35 In addition, sub-analysis of the RIVAL trial demonstrated that excess radiation was only observed in the low volume radial centres with no difference in higher volume centres.36 recent meta-analysis of 24 published RCTs of 19 328 patients suggested that differences in screening time by access site also appear to have narrowed over time, with only a 30 second difference between radial and femoral access site reported in 2014.37 In considering radiation dose in specifically in post-CABG patients, in a recent meta-analysis of 2,763 patients undergoing PCI with a previous history of CABG, no differences in radiation dose were observed.33
As with any database, the robustness of the conclusions is directly related to the quality of data entered. Although there are high levels of case ascertainment and field completion within the database, the accuracy of field completion for individual centers cannot be validated. Finally, as this data is registry-derived, any conclusions are potentially influenced by unmeasured confounders inherent in observational studies of this nature such as comorbidity and frailty.

In conclusion, femoral artery access remains predominant during PCI-CABG and despite these patients being at risk of bleeding complications, radial access than was much lower than in a general PCI population. Access site complications were more frequent with femoral artery access and strongly correlated with adverse outcomes. 














Clinical perspective
What is known? 
Access site choice for PCI is a vital part of procedure planning and completion and in unselected populations, radial access is associated with lower rates of vascular complications. 

What's new?
In the current study, we demonstrate that the femoral artery remains the default access site of choice even in the United Kingdom where the majority of all PCI procedures are undertaken radially. Femoral artery use was associated with more complicated procedures but also associated with more access site complications, major bleeding and transfusion.

What's next?
As the femoral artery still remains the most frequently used access site, further development of interventional practice may allow increased adoption of radial artery access to optimise the outcomes of patients undergoing PCI with a previous CABG.
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[bookmark: _GoBack]Figure Legends
Figure 1 Crude numbers of total PCI and CABG-PCI cases: Annual numbers of total PCI (light grey bars), annual numbers of PCI in patients with a CABG history (dark grey bars), p<0.001 for both trends, and percentage of total PCI represented by patients with a CABG history (grey circles), p=0.0485 for trend in England and Wales 2005-2014.

Figure 2 Arterial use for PCI-CABG between 2005 and 2014: A) Temporal change in femoral access use for PCI in patients with prior CABG in England and Wales 2005-2014 (P<0.001 for trend); B) Temporal change in left (closed circles) and right radial (open circles) use for PCI in patients with prior CABG in England and Wales 2005-2014 (P<0.001 for both trends, with no significant difference in the comparison between trends).

Figure 3 Changes in vessel type and access site over time: A) Temporal change in vessel treated in patients with previous CABG (p=0.0125 for trend) in England and Wales 2005-2014; B) Femoral access use for PCI in graft PCI vs. native vessel PCI over time (p<0.001 for both trends, p<0.001 for graft vs. native PCI for each yearly time point except 2005) in England and Wales 2005-2014.

Figure 4 Survival by access site for PCI-CABG: Kaplan Meier plots for 12-month adjusted mortality by access site in 2012-14 procedure years. 
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