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ABSTRACT 

Background: Contemporary interventional cardiology guidelines prefer radial over 

femoral artery access when performing diagnostic coronary angiograms (DCA).  There 

is a paucity of data on the safety and efficacy of radial and femoral DCA in low-and-

middle-income countries.  

Methods: We retrospectively reviewed inpatient medical records and DCA reports of 

patients referred for DCA and evaluated the safety and efficacy of the femoral versus 

radial artery access route. 

Results: There were 653 patients with a mean age of 58.2 ±12.6 years. Radial access 

was used in 318 (48.7%) patients.  The median duration of the DCA was slightly longer 

with radial access and was 50 minutes (Interquartile range (IQR): 40–60), while the 

median procedural duration for femoral artery access was 45 minutes (IQR: 35–60) (P = 

0.010).  The median total radiation dose in the femoral artery access group was 3511 

µGym2 (IQR: 2154–5821), and patients in the radial artery access group were exposed 

to a median radiation dose of 4011 µGym2 (IQR: 2298–6411) (P = 0.0661).  A total of 

639 (97.9%) DCA were performed without crossover, and 99.0% (95% CI: 97.2 – 99.8) 

of DCA performed via the radial artery did not require crossover to transfemoral access, 

and 96.1% (95% CI: 93.4 – 97.9) of the DCA done via the femoral artery did not require 

crossover to transradial access (P = 0.009). 

Conclusion: Almost half of all diagnostic angiograms were performed via the radial 

artery.  Both radial and femoral artery access were equally safe and efficacious in 

patients with coronary artery disease.  

KEYWORDS: Diagnostic coronary angiography; vascular access; radial artery access; 

femoral artery access; vascular complications; radiation exposure; contrast media 
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ABBREVIATIONS 

AKI, Acute kidney injury; CABG, Coronary artery bypass graft; CVD, Cardiovascular 

disease; CMJAH, Charlotte Maxeke Johannesburg Academic Hospital; DCA, Diagnostic 

coronary angiography; eGFR, estimated glomerular filtration rate; LMIC, Low and 

middle-income countries; LVEF, Left ventricular ejection fraction; IFR, Instantaneous 

wave-free ratio; IQR, Interquartile range; MACE, Major adverse cardiovascular events; 

MDRD, Modification of Diet in Renal Disease; NSAIDs, nonsteroidal anti-inflammatory 

drugs; PCI, percutaneous coronary intervention; STEMI, ST segment elevation 

myocardial infarction. 

 

INTRODUCTION 

In 2019, non-communicable diseases accounted for 74% of deaths globally.  

Cardiovascular diseases (CVD) are the leading cause of death worldwide, of which 

ischaemic heart disease ranks the highest, followed by cerebrovascular disease and 

chronic obstructive pulmonary disease.(1) In South Africa, the prevalence of CVD is 

rising, with 85 525 deaths per annum reported in 2018.(2)  

Diagnostic coronary angiography (DCA) is the gold standard in diagnosing coronary 

artery disease.  Despite an increasing prevalence of CVD in low-and-middle-income 

countries (LMICs), there is a paucity of data on the efficacy and safety of DCA.  Ekou et 

al. conducted a study evaluating the role of primary percutaneous coronary intervention 

(PCI) in managing ST-elevation myocardial infarction (STEMI) in sub-Saharan Africa.  

Femoral artery access was the most commonly used vascular access route when 

performing coronary angiograms in their centre.  Also, in their study, femoral access 

accounted for most non-fatal vascular complications.(3) Similarly, most international 

studies associate femoral artery access with more vascular complications when 

compared to radial access. (4, 5)  

In the recent decade, a radial-first policy has been adopted internationally by 

interventional cardiology centres. In some of these countries, it has replaced femoral 
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artery access as the main vascular access route for percutaneous coronary 

intervention.(6) This is mainly due to the evident advantages radial artery access has 

over femoral artery access. These advantages include fewer vascular complications 

such as haemorrhage, pseudoaneurysms, arteriovenous fistula, arterial dissection, and 

other major cardiovascular events (MACE).(7, 8) Ease of postprocedural care and 

shorter hospital stays are other advantages noted.(9, 10) Though there are multiple 

available international studies on this topic, only a few have been published on the 

safety and efficacy of DCA’s performed in LMICs.  Therefore, this study aimed to 

describe clinical and procedural factors of the transradial versus transfemoral approach 

for coronary angiography in the Division of Cardiology at the Charlotte Maxeke 

Johannesburg Academic Hospital (CMJAH) in South Africa. We hypothesize that our 

study will reveal similar findings as the international studies which had a lower vascular 

complication rate amongst the radial artery access group.  

 

 

METHODS 

We retrospectively reviewed inpatient medical records and diagnostic coronary 

angiogram reports of consecutive patients referred to the CMJAH between 1 January 

2018 and 31 December 2019.  The CMJAH is one of the two state-owned facilities in 

Johannesburg equipped with an intensive care unit, cardiac admission wards, outpatient 

services, and electrophysiology and catheterisation laboratories.  This tertiary academic 

hospital serves a population of approximately 5.2 million individuals.(11) The 

catheterisation laboratory at the CMJAH is considered a high-volume centre and is an 

accredited training site for cardiology fellows. 

All patients 18 years and older who underwent DCA were included in the study.  

Patients referred for physiological or haemodynamic studies, such as instantaneous 

wave-free ratio (IFR), left and right heart catheterisation, or percutaneous coronary 

interventions (PCI) during the DCA, were excluded.  Also, patients with previous 

coronary artery bypass graft (CABG) surgery were excluded.  The rationale for 
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excluding patients with prior CABG surgery is the prolonged or unpredicted procedural 

times observed when performing DCA in such patients.  The previous history of CABG 

surgery may also introduce selection bias in the vascular access route chosen by the 

operator.  

We documented demographic data, comorbidities, biochemical laboratory data, 

concomitant anticoagulant therapy, left ventricular ejection fraction (LVEF), procedural 

findings and measured the success rate.  The success rate was defined as the number 

of angiograms completed without access crossover.  Biochemical data was extracted 

from the National Health Laboratory Services website.  The Modification of Diet in Renal 

Disease (MDRD) equation was used to calculate the estimated glomerular filtration rate 

(eGFR).   

Angiographic data was obtained from the angiography report registry on the Research 

Electronic Data Capture (REDCap) database, the procedure book in the catheterisation 

laboratory, filed hard copies of angiogram reports and archived cine images.  Variables 

such as vascular access route, procedural duration, contrast volume, total radiation 

dose and reported complications were also captured. During the study period, our 

centre was still in the midst of transitioning from the traditional transfemoral artery 

access route to the transradial artery access route. Though this adoption was due to the 

growing evidence favouring radial artery access, the vascular access used by the 

operator was still mostly based on their discretion. No set standards of operation were 

in place during that time.   

Lignocaine was used as local anaesthetic followed by administering intra-arterial 

verapamil and nitrocine into the radial artery to prevent spasm. Heparin was also used 

to prevent vessel occlusion. Radial artery access closure was done using an inflatable 

radial band, whereas femoral artery closure was achieved with manual compression 

followed by a compressive bandage.  

The procedural time was defined from the time when the patient entered the 

catheterisation laboratory until after the procedure when the patient exited the 

catheterisation laboratory. As such, the procedural time also incorporated the time 
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required to apply the radial artery band which was routinely applied while the patient 

was still in the catheterisation laboratory. However, manual compression post femoral 

access was routinely done in the recovery room and was omitted when estimating the 

procedural time.  

The rate of crossover was obtained from the angiogram reports. Supplementary 

sources were the theatre registry book and archived cine films which as hold record if 

access crossover occurred. When access had failed, it was to the discretion of the 

operator to choose which next access route to attempt.   The radiation dose was 

defined as the total amount of radiation in mGym2 emitted in the interventional lab 

during each procedure.  

The safety of each vascular access was measured by comparing the total radiation 

dose, the total volume of contrast media used, and the prevalence of local vascular 

complications.  Study variables were captured into the Research Electronic Data 

Capture (REDCap) database.  Permission to conduct the study was obtained from the 

University of the Witwatersrand Human Research Ethics Committee (Clearance 

certificate number: M2011118) and relevant hospital authorities. 

 

Statistical Analysis  

The statistical analysis was conducted using Stata/SE version 17.0 (Stata CORP LLC, 

Texas).  Categorical data is summarised using numbers and percentages.  Normally 

distributed continuous variables are summarised as the mean and standard deviation, 

while variables with a skewed distribution are summarised using the median and the 

interquartile range (IQR).  The Student’s t-test was used to compare means, and the 

Pearson’s Chi-square test was used to compare categorical variables.  The Wilcoxon 

rank-sum test was used to compare the medians.  Confidence intervals were set at 95% 

and a P-value less than 0.05 was considered as a threshold for statistical significance. 
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RESULTS 

Demographic and clinical characteristics 

Between 1 January 2018 and 31 December 2019, 1189 DCA were performed (Figure 

1).  After excluding ineligible patients, the final study cohort comprised 653 patients, of 

which 408 (62.5%) were males.  The mean age in the study cohort was 58.2 ± 12.6 

years.  Hypertension was the most common comorbidity, reported in 299 (45.8%) 

patients, followed by dyslipidaemia in 157 (24.0%), diabetes mellitus in 146 (22.4%) 

patients, and chronic kidney disease in 62 (9.5%).  

Diagnostic coronary angiography was performed as an elective procedure in 457 

(81.6%) patients and as an emergency procedure in 103 (15.8.4%) patients. The 

remaining 96 patients did not have enough data to discern whether the DCA was 

scheduled as an elective or an emergency procedure. The femoral artery access route 

was used in 335 (51.3%) patients.  Among the 157 patients with dyslipidaemia, 93 

(59.2%) had transfemoral access (P = 0.022), and 18 of the 25 (72.0%) patients with 

atrial fibrillation had transradial access (P = 0.017). Among the patients with atrial 

fibrillation, 96% of these patients had an elective DCA. 

A total of 55 (8.4%) patients were prescribed warfarin, and 38 (69.0%) of these patients 

had radial artery access (P = 0.002). The median INR among patients on warfarin was  

1.84 (IQR: 1.22–2.45), and 1.07 (IQR: 1.01 – 1.16) among patients who were not on 

warfarin (p<0.001). There were no bleeding complications among patients on warfarin.  

In the entire study cohort, 202 (30.9%) patients were taking oral nonsteroidal anti-

inflammatory drugs (NSAIDs), of which 110 (54.5%) had radial artery access (P = 

0.049).  Among the 653 patients referred for DCA, 80 (12.2%) had underlying valvular 

heart disease, and 48 (60.0%) of these patients had radial artery access (P = 0.031).  

The rest of the baseline demographic and clinical characteristics did not differ between 

patients subjected to femoral and radial artery access during the DCA (Table 1). 
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Procedural Findings 

In 2018, 297 DCA were performed, and this number increased to 356 in 2019. In 2018, 

112 (37.7%) of all DCA were performed via the radial artery, and this increased to 206 

(57.9%) in 2019 (p<0.001).  The DCA revealed normal epicardial coronary vessels in 

229 (50.3%), single vessel disease in 95 (20.9%), double vessel disease in 65 (14.3%) 

and triple vessel disease in 66 (14.5%). The median duration of the procedure was 

longer in the radial artery access group when compared to the femoral access group [50 

minutes (IQR: 40.0 – 60.0) versus 45 minutes (IQR: 35.0 – 60.0), P = 0.011] (Figure 2). 

The mean contrast volume administered in the radial and femoral artery access group 

did not differ significantly and was 83.7 ± 36.1 millilitres (ml) and 88.9 ± 37.1 ml, 

respectively (P = 0.073).  In the entire cohort, the median radiation dose was 3726 

µGym2 (IQR: 2181.7 – 6205.0), and it did not differ significantly between the radial and 

femoral artery access group [4011.0 µGym2 (2298.0 – 6411.4) versus 3511.0 µGym2 

(2154.0 – 5821.5), P = 0.066] (Table 2).  

 

Outcomes 

A total of 653 DCA were performed, and 613 (94.2%) were completed without the need 

to repeat the procedure.  Some of the reasons for repeated DCA included failure to 

advance a guide wire, haemodynamic instability, and onset of chest pain.  Failed 

access was mainly documented during the transfemoral approach, accounting for 24 

(61.5%) failed procedures.  In this study, 639 (97.9%) DCA were performed without 

crossover, and 99.0% (95% CI: 97.2 – 99.8) of the DCA performed via the radial artery 

did not require crossover to femoral access and 96.1% (95% CI: 93.4 – 97.9) of the 

DCA performed via the femoral artery access route did not require crossover to 

transradial access, P=0.009.  Clinically significant procedure-related complications were 

uncommon.  Vascular spasms were encountered in eight patients subjected to radial 

artery access.  Other documented complications were femoral artery dissection (n=2), 

haematoma (n=2), aortic dissection (n=1), and femoral artery haemorrhage (n=1).  
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DISCUSSION 

We retrospectively reviewed medical records of 653 patients referred for diagnostic 

angiography in Johannesburg and assessed the efficacy and safety of radial versus 

femoral artery access.  Transradial access was used by 48.7% of patients.  The 

crossover rate was low and documented in 2.1%, with most patients requiring crossover 

from femoral to radial artery access (P=0.009).  In the Radial Versus Femoral 

Randomized Investigation in ST-Elevation Acute Coronary Syndrome (RIFLE-STEACS) 

trial,(4)  the crossover rate was 9% in the radial access arm and 3% in the femoral 

access arm.  

In some international studies radial artery access was associated with longer procedural 

times and higher radiation exposure doses than femoral access.(12, 13)  In our study, 

the longer procedural duration was in the transradial access group, with a median 

procedural duration of 50 minutes (P = 0.011).  The longer procedural duration is 

probably due to the inherent complexity of catheterising the radial artery with its smaller 

diameter and higher propensity for spasm.(14)  

We did not find statistically significant differences in the total radiation dose emitted or 

volume of contrast media between patients in the radial and femoral artery access 

groups.  This is a common finding also discovered by Feldkemp et al., who investigated 

if radial access was protective against contrast-induced nephropathy compared to 

femoral access.(15) Their study showed that the contrast volume was comparable in 

each vascular access group (P = 0.438).  Surprisingly they concluded that even though 

the contrast media given was similar in both access arms, radial artery access was 

associated with significantly fewer acute kidney injuries (AKI), particularly in a subgroup 

of patients with an acute coronary event. 

 

The mean age in our study was 58 years, and almost half (46%) of patients had 

hypertension.  Dyslipidaemia was prevalent in 24% of our study population, and in 59% 

of these patients, the DCA was performed via the femoral artery (P=0.022).  We 

speculate that this association stems from the fact that dyslipidaemia carries a well-
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established risk to cause more severe coronary artery disease.  Perhaps these patients 

presented with more critical disease and were subjected to femoral artery access in 

anticipation of potential intervention. Our finding is similar to Alkatiri et al. who reported 

that the transfemoral approach tends to be the preferred access route in patients with 

multiple comorbidities.(16) However, there is limited evidence in the literature showing a 

similar association or pattern of distribution.(4, 17) One of the largest multicenter 

landmark studies conducted by Romagnoli et al. named, the Radial Versus Femoral 

Randomized Investigation in ST-Elevation Acute Coronary Syndrome (RIFLE-STEACS) 

is such a study which found no association of dyslipidaemia to vascular access route. 

The trial spans from 2009 to 2011, with 1001 patients with acute ST-segment elevation 

myocardial infarction.  There were 500 patients randomised to the radial access group.  

The prevalence of hypercholesterolaemia was comparable in both access groups (P = 

0.223).(4) 

In our study, 6% of patients with atrial fibrillation had transfemoral access compared to 

2% subjected to transradial access (P = 0.017).  These findings are similar to a study by 

Sherwood et al. investigating outcomes of cardiac catheterisation in patients with atrial 

fibrillation on anticoagulation therapy in contemporary practice.(18) Similar to their 

cohort, in our study, 96% of patients with atrial fibrillation had their procedure done 

electively via the femoral artery with the interruption of oral anticoagulation.(18) In our 

study, the radial access route was used more than the transfemoral access route in 

patients prescribed warfarin or NSAID.  This supports the evidence that radial access 

has fewer bleeding complications when compared to transfemoral access.(19)  

The radial artery was the preferred access in patients with valvular heart disease who 

are being worked up for open heart surgery (P=0.031).  This was an expected finding, 

as most of these elective procedures were done as a screening investigation.  There 

was little or no foreseen need for intervention.  The operators preferably selected this 

route for its perceived lower vascular complication risk and shorter hospital stays.(4)  

Conversely, femoral access is more commonly used in emergencies.  First, the patient's 

clinical presentation may require assistive devices such as an intra-aortic balloon pump 

which cannot be inserted via radial access.  Secondly, the probability of coronary artery 
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intervention is higher in emergencies; therefore, the operator may need to use a bigger 

cannula for larger intervention equipment.  However, an overwhelming body of evidence 

suggests that radial artery access in these emergency cases is just as efficient at 

providing emergency interventions and may have an additional advantage of fewer 

major adverse cardiovascular events (MACE) and bleeding complications.(19-21) 

Vascular complications have been the crux of discussion between transradial and 

transfemoral access.  It has been identified that vascular complications, particularly 

bleeding, are associated with poorer outcomes and higher rates of MACE.(19, 22)  In 

our study, complications were rarely documented. In our cohort, crossover of vascular 

access route was rarely observed when initial access failed. The rates were much lower 

than most international studies.(23, 24) This could be explained by the exclusion of 

patients requiring PCI from our study cohort. Performing an intervention likely 

introduced another level of complexity into the procedure, hence increasing the risk of 

access crossover, particularly with radial artery access.(24) 

  

 

Limitations 

This was a single-centre retrospective study with a relatively small sample size.  We 

relied on information documented in medical records.  Due to the low rate of 

complications, the authors could not determine variables associated with the occurrence 

of complications.  Also, long-term sequelae from vascular complications were not 

assessed. With regards to access route selection, there may have been clinical 

selection bias as access route was left to the operator’s discretion. Despite these 

limitations, this study sheds some light on the safety and efficacy of DCA and, to some 

extent, competency when adopting newer interventional techniques in a high-volume 

centre in Johannesburg. 
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CONCLUSIONS 

The radial artery was the preferred access in 49% of DCA.  The efficacy and safety of 

the transradial and transfemoral access were comparable, although the procedural 

duration was slightly longer with radial access.  
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Figure 1 Study Flow Chart. DCA: diagnostic coronary angiography. PCI: 
percutaneous coronary intervention 
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Table 1: Baseline demographic and clinical characteristics of the study cohort 

stratified according to the site of angiography vascular access 

 All 

patients 

(n=653) 

Transradial 

access 

(n=318) 

48.7% 

Transfemoral 

access 

(n=335)  

51.3% 

 

 

P-

value 

Clinical Parameters     

Age, years (SD) 58.2±12.7 58.7±12.5 57.7±12.7 0.3231 

Males (%) 408(62.6) 198(62.3) 210(62.9) 0.872 

Ethnicity (%)    0.221 

   Black African 245 (37.6) 127(39.9) 118(35.3)  

 

 

   Mixed Ancestry 58 (8.9) 33(10.4) 25(7.5) 

    Indian 104 (16) 45 (14.2) 59 (17.7) 

   Caucasian 245 (37.6) 113 (35.5) 132 (39.5) 

Hypertension 299(45.8) 141(44.3) 158(47.2) 0.469 

Diabetes Mellitus 146(22.4) 68(21.4) 78(23.3) 0.560 

HIV 27(4.1) 12(3.8) 15(4.5) 0.652 

Dyslipidaemia 157(24) 64(20.1) 93(27.8) 0.022 

Smoker 131(20.1) 60(18.9) 71(21.2) 0.458 

ExSmoker 77(11.8) 40(12.6) 37(11.0) 0.544 

CKD 62(9.5) 26(8.2) 36(10.8) 0.263 

Atrial Fibrillation 25(3.8) 7(2.1) 18(5.7) 0.017 

Previous CAD  83(12.7) 40(12.6) 43(12.8) 0.921 

No comorbidities 60(9.2) 29(9.1) 31(9.3) 0.953 

Warfarin 55(8.4) 38(12) 17(5.1) 0.002 

NSAID  202(30.9) 110(34.6) 92(27.5) 0.049 

Systolic BP 127.4 ± 26.4 126.4 ± 27 128.5 ± 25.9 0.4262 

Diastolic BP 75 ± 14.5 76 ± 14 74 ± 15 0.1472 

eGFR 68.3 ± 26.7 68.1 ± 24.1 68.5 ± 29 0.8455 

Haemoglobin 13.9 ± 2.2 14 ± 2.2 13.7 ± 2.1 0.1330 

Platelets 261.7 ± 92.8 260.1 ± 88.5 263.1 ± 96.7 0.6779 
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INR, Median [IQR] 1.08 (1.01-1.2) 1.09 (1.0-1.2) 1.07 (1.02-1.16) 0.2755 

Left Ventricular EF 46.7 ± 15.7 46.9 ± 16.0 46.4 ± 15.5 0.7775 

     

BP= blood pressure; CAD= coronary artery disease; CKD= chronic kidney disease; 

eGFR= estimate glomerular filtration rate; HIV= human immunodeficiency virus; INR = 

International normalised ratio; EF = ejection fraction; IQR = interquartile range; NSAID = 

Nonsteroidal anti-inflammatory drug; SD = standard deviation. 

 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Procedural factors grouped according to vascular access (A) radiation dose 

(µGym2), (B) contrast volume (ml), (C) duration of procedure (minutes) and (D) 

estimated glomerular filtration rate (ml/min/1.72 m2) 
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Table 2:  Procedural factors for diagnostic coronary angiography stratified 

according to access route  

 

Variable Total 

(N=653) 

Transradial 

(N=318) 48.7% 

Transfemoral 

(N=335) 51.3% 

P-

value 

Indications for DCA     

   Known CAD 99(15.2) 44 (13.9) 55 (16.4) 0.358 

   Suspected CAD 484 (74.1) 225 (70.8) 259 (77.3) 0.056 

   Valvular disease  80 (12.3) 48 (15.1) 32 (9.6) 0.031 

   Perioperative  9 (1.4) 7 (2.2) 2 (0.6) 0.079 

Duration of procedure, min 46 (40-60) 50 (40-60) 45 (35.0- 60) 0.011 

Urgency    0.010 

    Elective  457 (81.6) 231(87.2) 226(76.6)  

    Emergency 103 (18.4) 34 (12.8) 69 (23.4) 

Total radiation dose, µGym2  3726 (2181–6205) 4011 (2298-6411) 3511 (2154-5822) 0.066 

Total contrast dose, ml 86.4 ± 36.7 83.8 ± 36.1 89 ± 37.2 0.073 

Diseased vessels on angiography     

Normal angiogram 229 (50.3) 118(55.1) 111(46.1) 0.053 

Single vessel disease 95 (20.9) 40 (18.7) 55 (22.8) 0.279 

Double vessel disease 65 (14.3) 26 (12.1) 39 (16.2) 0.220 

Triple vessel disease 66 (14.5) 30 (14.0) 36 (14.9) 0.781 

SD = standard deviation; µGym2 =micro Grays per metre squared; IQR= interquartile 

range; ml = millilitres; min=minutes 
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1. INTRODUCTION 
 

Diagnostic Coronary Angiography (DCA) is the visualisation of the coronary vessels 

radiographically with the assistance of intracoronary contrast media.  This procedure illustrates 

better the coronary vessels and any suspected coronary vascular abnormalities(1).  In addition 

to identifying and localising coronary lesions, DCA can be performed in conjunction with 

percutaneous coronary interventions (PCI) such as balloon angioplasty and stent insertion.  The 

most common indication for DCA is suspected or known coronary artery disease (CAD).  This 

includes diseases such as stable or unstable angina, acute myocardial infarction, and post-

revascularisation ischaemia.  Diagnostic coronary angiograms are also performed on patients 

with valvular heart disease and cardiomyopathies, where an ischaemic aetiology needs to be 

excluded(1).  Patients who present with unexplained cardiac failure, cardiac defects, and those 

being worked up for corrective heart surgery after the age of forty, all have sound indications for 

performing a DCA.  

There are two common access approaches used when performing DCA, the transfemoral and 

the transradial approach, with the transfemoral approach being the traditional route.  There are 

other less common access methods described for patients with challenging radial and femoral 

vascular access.  The brachial access is one such method which is unfavourable due to its 

increased risks of neurological complications.  The axillary artery approach is another access 

method that is rarely used by experienced interventionalists(2). 

 

Transradial access approach is relatively new compared to the transfemoral approach.  It was 

first described in 1989 in Campeau(3).  Many studies have since been done to compare the 
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advantages and disadvantages of the two access approaches(4-7).  There is growing evidence 

showing that the transradial access is safe and efficient when performing DCA, and perhaps 

even more so than the transfemoral approach(7).  

Cardiac catheterisation is performed in an angiography suite with multiple monitoring equipment 

for assessing the patients’ cardiac function throughout the procedure.  A radiographic machine 

is also used by the interventionalist to identify the patients' real-time vascular anatomy 

throughout the procedure.  This procedure is also aided by the use of intracoronary contrast 

media, which renders the coronary vessels radiopaque during the cine film run.  Healthcare staff 

involved in performing this procedure are, therefore, also exposed to radiation during DCA. 

In South Africa, there is a lack of research comparing the efficacy and safety of these two 

vascular access techniques.  The purpose of this study is to investigate the safety and success 

rates of transradial and transfemoral vascular access when performing DCA.  

 

2. BACKGROUND / LITERATURE REVIEW 
 

Cardiovascular disease (CVD) is a major healthcare burden in South Africa and worldwide(8).  

In South Africa, one in six deaths was attributed to CVD in 2014(9).  The rapid rise in CVD risk 

factors is the most significant underlying contributor to the increase in the prevalence of CVD in 

South Africa(8, 10).  Some of the non-modifiable risk factors include age, male gender, and 

family history.  The well-recognised modifiable risk factors are hypertension, dyslipidaemia, 

smoking, diabetes mellitus, and obesity. 

In most cases, coronary artery disease (CAD) is a consequence of atherosclerosis of the 

coronary arteries(11, 12).  Atherosclerosis is a disease of medium and large-sized arteries 

where there is an accumulation of lipids, proinflammatory cells that transform into foam cells, 
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and cellular debris within the arterial intimal layer(13).  This eventually leads to plaque 

formation.  The luminal area decreases, restricting blood flow and causing ischaemia in the 

myocardium.  The plaque may become unstable and rupture, leading to thrombus formation and 

occlusion of the coronary artery, thus causing myocardial infarction(11). 

 Research into the best management of coronary artery diseases in relation to the time of 

presentation and nature of the arterial disease is still ongoing(14,15).  At present, there are two 

main approaches in managing these patients, pharmacological and non-pharmacological.  

Pharmacological management entails the use of thrombolytic therapy (streptokinase /tissue 

Plasmin Activator (t-PA)), antiplatelet therapy (aspirin/ clopidogrel), lipids management (statins), 

and other forms of therapy, all aimed at improving perfusion.  The non-pharmacological 

approaches include interventional cardiology and open-heart surgery. 

 Diagnostic coronary angiography, which is a specialised form of coronary investigation, is the 

most common initial procedure undertaken when investigating patients suspected to have CAD.  

Diagnostic coronary angiography is the gold standard in the management of acute myocardial 

infarction.  If a stenosed vessel is visualised, intervention may be taken during the same 

procedure by inserting devices that restore the calibre of the vessel, hence improving blood 

flow.  

 

2.1  Transfemoral Vascular Access 

 

Transfemoral vascular access is the most practised method of cardiac angiography.  Though it 

is no longer the preferred access route as in the past, it is still the favoured access site when 

performing complex interventional angiography procedures requiring multiple and/or large bore 

types of equipment and catheters(16).  The femoral artery has a larger vessel calibre, which 
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accommodates larger French size catheters and also provides ease of maneuverability (16).  

Some patients may need access via both femoral artery and vein as in valvular heart disease 

assessment as well as right and left heart catheterisation.  Current best-practice methods for 

vessel puncture advise on the routine use of ultrasonography and fluoroscopy where 

available(17, 18).  However, based on the International Femoral Access Practices Survey (i-

FACTS) study, only 11% of interventionalist use fluoroscopy, and the majority rely on palpation 

alone(19).  There are well-documented complications that arise when using palpation alone, 

namely bleeding complications, pseudoaneurysms, arteriovenous fistula, dissections with or 

without limb ischemia.  Other significant complications include infections as well as thrombosis 

and/or embolism(17).  

Until the 1950s, the Sones’ technique was used to cannulate the femoral artery.  Dr Mason 

Sone introduced this technique.  Sone’s technique involves dissecting through the skin and 

underlying tissue until the femoral artery is visualised, followed by introducing a catheter into the 

vessel.  This has now changed and replaced by the widely used modified Seldinger technique.  

The use of ultrasonography and fluoroscopy is advised to limit repeated punctures(19).  In this 

approach, a 21 gauge or 18 gauge needle is introduced into the artery percutaneously, and a 

catheter guidewire is threaded through the needle.  The needle is then removed, and a sheath 

or catheter is railed over the guidewire.  The femoral artery is located in the femoral triangle with 

the borders made by the inguinal ligament superiorly, sartorius muscle laterally and the 

adductor longus muscle medially.  Cannulation is made at the base of the triangle just below the 

inguinal ligament, above the bifurcation of the femoral artery.  Caution must be taken not to use 

the inguinal skin crease as a landmark as this is below the femoral bifurcation in 70% of 

patients(17).  
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Minor and major complications associated with this procedure have been described.  The minor 

complications are stable haematoma, minor bleeding, and ecchymosis.  The major 

complications include arterial dissection, limb ischemia,  retroperitoneal haemorrhage, 

pseudoaneurysm, AV fistula, infection, major bleeding and thromboembolic phenomena(17).  

These complications have been associated with percutaneous coronary interventional 

procedures as opposed to a diagnostic coronary angiogram.  This is likely due to the use of 

larger sheath sizes and the need for anticoagulation.  Supporting this, Chandrasekar B et al. 

found that coronary angiography complications were 3.6% and 15.1% in those who went for 

diagnostic and therapeutic procedures, respectively(17, 20).  

2.2 Transradial Vascular Access 

 

There is growing expertise and training availability in refining the necessary skills required when 

performing transradial angiography(21).  The radial artery is superficial and much smaller in 

diameter than the femoral artery.  This makes it easier to compress to achieve haemostasis.  

Studies have revealed that this approach has many significant benefits over the traditional 

transfemoral approach(3, 22, 23).  These studies showed that patients have significantly lower 

bleeding complications, shorter duration of hospitalisation with early mobilisation, and better 

cost containment(24).  However, this method has disadvantages.  Due to the vessel being of 

small calibre, only smaller sized catheters may be used, limiting working space and flexibility.  

Therefore, there is a greater need for more developed fine motor skills when using the 

transradial approach, much more required than with the transfemoral approach(3).  Another 

challenge is that the vascular route to the heart has several branches and tortuous paths, which 

increases the risk for arterial spasm.  This may lead to higher conversion rates to transfemoral 

catheterisation (25).  Transradial access angiography is associated with longer procedural 
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times, often as a result of difficulty in getting access.  Longer procedural time translates to 

prolonged radiation exposure time for both the patient and the catheterisation staff(26).  

Patients who undergo DCA should ideally be considered for radial angiography, if possible(3).  

Anatomically, the hand is supplied by two major arteries, the ulna artery and the radial artery.  

These arteries then join in the hand to form the superficial and deep palmar arches.  The radial 

artery takes a more superficial route distal to the hand, making it easier to locate and compress.  

In the past, it was standard practice to establish good collateral blood supply by performing the 

Allen Test(27).  However, this has shown not to be clinically relevant(27, 28).  The Barbeau test 

is another test that assesses the hand for dual circulation by use of plethysmography, similar to 

the Allen test; there has been no correlation between these tests and subsequent hand or digital 

ischaemia(29).  Once contraindications have been excluded, the target point of insertion for the 

radial sheath is 2-3 cm above the wrist crease, while the wrist is in the hyper-flexed position(3).  

Complications post cannulation include bleeding, radial artery spasm, as well as radial artery 

occlusion(22).  Radial artery occlusion has been found in cases where a large bore sheath was 

used, larger than the artery's diameter with inadequate anticoagulation and different 

compression techniques.  This occlusion can be avoided by using nitroglycerine before the 

removal of the sheath.  (3, 30) 

The well-known radial versus femoral access (RIVAL) trial published in 2011 was a multicentre 

trial involving 7021 patients from 32 countries.  Amongst those patients, 3507 were randomly 

selected for radial access and 3514 for femoral access.  The primary outcome was a composite 

of death, myocardial infarction, stroke and non-coronary artery bypass graft (CABG) surgery 

related major bleeding at 30 days.  The study reported that 3.7% of the primary outcome 

occurred in the radial access group, and 4.0% in the femoral access group.  This showed that 

both vascular access routes are safe and effective for diagnostic purposes and intervention.  

However, at 30 days, 1.19% of the radial group developed a large haematoma, compared to 
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3.01% in the femoral access group. Seven patients in the radial access group, compared with 

23 in the femoral access group, developed pseudoaneurysms that needed closure.  This 

revealed that though both groups were safe, radial access was safer, as evidenced by fewer 

local vascular complications.  Similar findings were also seen in another Radial versus Femoral 

clinical trial authored by Valgimigli and colleagues(7), who found an overall reduction in major 

bleeding events.  However, unlike in the RIVAL trial, they found a significant reduction in all-

cause mortality with the transradial access.  The rate of cardiac mortality, stroke and myocardial 

infarction were nevertheless not significantly different between the two groups. 

With this knowledge, further studies have been done to look at the success rate and safety of 

radial access angiography.  In China, a prospective study was done evaluating 2845 patients in 

a single interventional facility from August 2012 to July 2013.  The mean age of the patients was 

64 ±7.5 years.  There were 57.2% males and 42.8% females.  The study participants were 

patients undergoing diagnostic coronary angiography (49.8%) and PCI (50.2%).  Patients with 

cardiogenic shock, on haemodialysis, and those with an abnormal Allen test were excluded.  

The study revealed a 97.6% success rate in the angiography group and a 96.3% in the PCI 

group, thus concluding that transradial access is a sensible and safe choice for both diagnostic 

and interventional angiography(31).  Another recent prospective study done in Slemani Cardiac 

Hospital looked at a single interventionalists experience with radial access angiography over 2 

years.  The number of patients who participated in the study is 1561.  A total of 1 005 patients 

were referred for DCA, and 679 were subsequently treated with PCI.  The total transradial DCA 

success rate was 95.6%, and the radial PCI procedural success rate was 96.5%.  The radial 

artery crossover rate was reported to be 4.4%, with the key aetiological causes being radial 

artery spasm, a tortuous aorta and brachiocephalic artery, a radial loop and a failed radial 

puncture.  The trial also revealed that transradial access is safe and reliable.  Furthermore, it 

also showed that dual artery circulation before the procedure might not be necessary(28). 
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2.3 Radiation Exposure 

 

Fluoroscopy & cineangiography are essential for coronary angiography.  Cineangiography is a 

procedure that uses continuous X-rays to track the transit of contrast media through a coronary 

vessel(32).  Fluoroscopy is a radiological imaging technique that uses X-rays to capture real-

time images of anatomical structures.  During the procedure, x-ray beams are continuously 

transmitted from a fluoroscope, and the moving images are captured on a monitor.  Fluoroscopy 

dates back to November 1895, when X-rays were discovered by a German mechanical 

engineer, Wilhelm Roentgen.  He observed a barium platinocyanide screen emitting fluorescent 

light due to it being exposed to what is now known as X-rays.  They were called X-rays due to 

their unknown nature at the time.  The news about this discovery rapidly spread, and soon after 

that, X-rays were used for clinical purposes.  X-rays are high energy electromagnetic that 

release ionising radiation, capable of disrupting chemical bonds, including breaking the 

molecular structure of the deoxyribose nucleic acid (DNA).  X-rays can also cast an image of 

tissue structures beneath the surface(33).  Patients who therefore undergo coronary 

angiography are exposed to varying doses of radiation from X-rays.  To quantify this exposure, 

the International System of Units (SI) is used.  Since 1977, the International Commission on 

Radiological Protection (ICRP) adopted the SI unit over the Common units, which is no longer 

commonly used.  The absorbed radiation dose is measured in Gray (Gy).  The effective dose is 

measured in Sieverts (Sv).  This is a calculated ionised radiation quantity measuring the risk of 

causing clinically significant tissue damage(34). 

The health concern related to radiation exposure is that ionising radiation can cause irreparable 

tissue damage, which may lead to medical conditions like acute radiation syndrome and cancer 

after long term exposure(34).  This is why the ICRP introduced the As Low As Reasonably 
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Achievable (ALARA) Principle, which assists in balancing the health benefit to risk ratio in 

medical radiography(34).  The three principles are time, distance and shielding.  Time refers to 

limiting the time spent next to a radioactive source.  Distance refers to maximising the distances 

between the radioactive source and the operator and the patient.  Shielding refers to using 

radioprotective equipment during procedures.  The South African Health Products Regulatory 

Authority has further quantified acceptable radiation doses allowed for the healthcare workers 

and the patient.  In one year, 20mSv are allowed as the maximum effective dose for the 

healthcare worker and 1mSv for patients(35).  This is in line with the ICRP guidelines(34).  

Literature has shown that transradial access is associated with more radiation exposure to the 

operator and patient(6).  Other studies refute this finding and deem transradial access equally 

safe as transfemoral angiography(36, 37).  

As cited in the literature above, there are advantages and disadvantages when performing 

coronary angiography via transradial or transfemoral access.  Though the above study findings 

share a similar conclusion, there are also significant data differences in both efficacy and safety 

between the different centres.  

 

3. AIM 
 

This study aims to compare the efficacy and safety of transradial access to transfemoral access 

coronary angiography at the Charlotte Maxeke Johannesburg Academic Hospital. 

 

4. OBJECTIVES 
 



31 
 

a) To assess the efficacy of transradial angiography.  This will be 

determined by the success rate of completed transradial 

angiography cases without cross over to transfemoral access.   

b) To assess the safety of transradial angiography compared to 

transfemoral access.  This will be determined by the total dose of 

radiation used, the total volume of contrast media used as well as 

the prevalence of local vascular complications between the two 

access routes.  

c) To describe the demographics and clinical characteristics of 

patients undergoing DCA and their clinical indications. 

d) To determine the procedure duration in patients subjected to 

transradial and transfemoral angiography 

e) To assess for predictors of peri-procedural complications 

5. METHODS 
 

5.1 Study Design 

Retrospective record review.  

5.2 Study Population and Sampling  

The study population will comprise of patients who had a DCA performed 

at the Division of Cardiology at the CMJAH between January 2018 to 

December 2019.  Both elective and urgent cases will be included.  

 

 5.3 Inclusion criteria 

Age 18 years and older 
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      5.4 Exclusion criteria 

a) Patients undergoing percutaneous coronary intervention  

b) Previous coronary artery bypass graft surgery 

c) Patients referred for haemodynamic studies  

 

  5.5 Study Site 

The study will be conducted at CMJAH, Division of Cardiology. 

 

5.6  Sample Size 

A minimum of 100 consecutive patient records will be reviewed.  Coronary 

angiogram reports, catheterisation laboratory procedure book, and the Electronic 

Health Record System (EHR) will be reviewed. 

 

5.7  Data Collection 
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The collected data will consist of demographics, comorbidities, procedural factors 

as well as complications.  The data collection sheet is attached as Appendix A.  

Comorbidities are routinely collected while clerking patients and documented in 

the angiogram reports and the EHR system.  Study data collected will be 

captured and stored in the password-protected Research Electronic Data 

Capture (REDCap) tool hosted at the University of the Witwatersrand.  The 

rationale for including patient identifiers such as the date of birth and the hospital 

number is to ensure that duplicate entries are removed when cleaning data, and 

for verification of outliers.  The patient identifiers will be removed after data 

cleaning. 

 

6 DATA MANAGEMENT AND ANALYSIS 
 

Statistical analysis will be performed using STATA version 15 (STATA CORP, Texas).  

Data will be expressed as means and standard deviations when normally distributed 

and as medians with inter-quartile ranges when non-normally distributed.  Data that is 

categorical will be expressed as numbers and percentages.  The cohort will be 

separated into two groups, those who had transfemoral access and those who had 

transradial access.  Student's t-test will be used to test for intergroup (Transfemoral vs. 

transradial access) differences with the Chi-square test being used to test for intergroup 

proportion differences.  Univariable and multivariable logistic regression will be used to 

determine the predictors of peri-procedural complications.  All tests will be two-sided 

with a p-value less than 0.05 considered as statistically significant. 
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7 ETHICS 
 

Ethics approval will be requested from the University of the Witwatersrand Human Research 

Ethics (Medical) Committee.  Permission to conduct the study will be requested from the Chief 

Executive Officer at the CMJAH, and the Heads of Cardiology and Internal Medicine.  Individual 

patient information will not be published and the patient’s identity will be protected throughout 

the study. 

 

8 TIMING 
 

  Aug Sept Oct Nov-Dec Jan-Feb 

2021 

Mar Apr 

Literature review         

Preparing Protocol        

Protocol        

Assessment        

Ethics Application        

Collecting Data        

Data analysis        

Writing up – thesis        

Writing up-paper        
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9 FUNDING 
 

Printing costs will be covered by the Principal investigator. 

10 POTENTIAL LIMITATIONS 
 

Due to the retrospective nature of the study, data may be missing from the patient records. 
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