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1. List of Abbreviations

ALARA As low as reasonably achievable 

CI Confidence interval 

GSH Groote Schuur Hospital 

HREC Human Research Ethics Committee 

IQR Interquartile range 

mGy Milligrays 

min Minutes 

PACS Picture archiving and communications system 

SD Standard deviation 

TAH Total abdominal hysterectomy 

TFA Transfemoral access 

TRA Transradial access 

UAE Uterine artery embolisation 
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2. Abstract

2.1 Background 

Uterine artery embolisation (UAE) is a recognised minimally invasive, effective and fertility-

preserving treatment option for patients with symptomatic uterine leiomyomas. The 

conventional transfemoral access (TFA) in UAEs remains the method of choice for the 

majority of South African interventional radiologists. Transradial access (TRA) has grown as 

a viable alternate vascular access. The advantages of TRA over TFA have been well 

documented, however a lack of safety parameter comparison in procedures performed via 

TRA versus TFA remains. 

2.2 Objectives 

To compare the mean radiation dose and accumulative fluoroscopy time measured in 

between TRA and TFA UAEs performed for the treatment of uterine leiomyomas. 

2.3 Method 

A single-institution retrospective study was conducted on all female patients having 

undergone UAE for symptomatic uterine leiomyomas at GSH between 1 January 2018 and 

31 March 2020. Safety parameters between TFA and TRA UAEs were compared. 

2.4 Results 

Of the 61 patients having undergone UAEs, 29 were TFA and 32 TRA UAEs.  No statistical 

difference was observed between the procedural and screening times, however there was 

a statistically significant difference for mean radiation dose: TFA recorded a mean radiation 
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dose of 1 158 (95% CI 721- 1596), TRA had a mean of 639 (95% CI 36-1243 units) higher than 

TFA (p-value = 0.038). 

2.5 Conclusion 

The comparison of the majority of the safety parameters between TRA and TFA UAEs in our 

study demonstrated no statistical significance. The increase in radiation dose in the TRA vs 

TFA group is comparable to other studies and although statistically significant, is small. 

Therefore, TRA still forms a safe viable alternate form of access for UAEs. 
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3. Chapter 1: Literature Review 

3.1 Rationale 

Uterine artery embolisation (UAE) is a recognised minimally invasive effective treatment 

option for patients with symptomatic uterine leiomyomas. Within the ever-changing and 

advancing field of interventional radiology, interventionists are striving for new techniques 

to improve the overall outcome and success rate of endovascular treatment options.  

 

Before the implementation of a new radiological modality or therapy (or approach 

specifically in this case), its safety profile should be paramount and the very first aspect of 

consideration, aligning with the Hippocratic oath and one of the key pillars of medical ethics 

of first do no harm. In radiology, we are governed by the ALARA (as low as reasonably 

achievable) principle in the context of ionising radiation exposure, which is fundamental to 

the principles of radiation protection. In any interventional radiology procedure, radiation 

exposure and procedure duration (and therefore fluoroscopy time) are intimately linked and 

directly proportional (1). It is therefore the basis of this study, which is the first of its kind in 

a South African government/public health institution. 

 

A recent comparative study from China completed in 2023 comparing various outcomes and 

safety parameters of a TRA-UAE vs a TFA for the treatment of haemorrhagic diseases in 

obstetrics and gynaecology demonstrated a significantly lower radiation exposure dose in 

the TRA group compared to the TFA group (2). The study also concurrently demonstrated 

significantly reduced fluoroscopy time in the TRA group versus that of the TFA cohort taken 

to achieve uterine artery access as well as embolization completion – the two most critical 
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and time-consuming periods in the UAE procedure (2). This is most likely related to the time-

consuming technical and anatomical aspect of the procedure where a TFA sometimes 

requires refashioning of the catheter to form a loop to access the contralateral common iliac 

artery and subsequent contralateral uterine artery, as opposed to a more direct course of 

access of either uterine artery via a TRA (2), in addition to the need for multiple varying 

catheters. 

There remains a lack of available data comparing patient radiation exposure, and thus safety, 

in procedures performed via TRA versus TFA (2–4). 

3.2 Background 

Uterine leiomyomas (also known as uterine fibroids) are the most common benign tumour 

in premenopausal women (5–9).  Within the South African context, we are particularly 

seeing a significant prevalence of uterine leiomyomas in our African ethnic subset, which 

represents the majority of the South African population. In fact, in the USA, African ethnicity 

is a reported risk factor for uterine leiomyomas (10). This ethnic risk factor is also evident 

globally – a Cochrane Review looking at interventions to reduce haemorrhage in fibroids 

stated that not only are uterine leiomyomas three times more prevalent in the African ethnic 

population, but this specific race group is also more likely to have larger and more numerous 

fibroids (11). Uterine leiomyomas have known significant morbidity with extensive 

debilitating symptomatology of menometrorrhagia, dysmenorrhoea, urinary symptoms, 

dyspareunia, pelvic and back pain, anaemia, infertility and recurrent pregnancy loss (5–

10,12). 
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Traditionally, and even currently in South Africa, the management of symptomatic uterine 

leiomyomas involves surgical myomectomy in an attempt at uterine-preserving treatment 

(6,9,11,13). However, in some cases, traditional management may be as extreme as total 

abdominal hysterectomy (TAH), which remains the only available definitive treatment (5–

9,11). With growing interest and demand in fertility medicine especially, uterine 

preservation therapy is an important goal of surgical outcomes. UAE is now a recognised 

level 1 alternative to myomectomy (and superior to TAH) as fertility-preserving therapy for 

symptomatic uterine leiomyomas (14). 

 

UAE is an internationally recognised safe, effective, minimally invasive, and uterine-

preserving treatment option for symptomatic uterine leiomyomas (1,5,9,15–19). The 

procedure involves tumour devascularisation through embolization of its arterial supply to 

promote ischaemic infarction and subsequent tumour regression, with an end goal of 

symptomatic relief (7,9,16,17). 

 

In our institution, the procedure is usually performed under procedural sedation and local 

anaesthetic at the puncture site, thereby negating the need for general anaesthetic (and all 

its encompassed risks) required in traditional surgical therapies. In addition, UAE is 

superiorly advantageous to surgical management in reducing the rate of surgical 

complications and degree of post-procedural pain, minimising patient recovery time and 

thereby the length of hospital admission which has significant advantages in terms of 

financial and budgetary considerations (5,7,8,10,13,17,18). 
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UAE was first introduced in 1974, with transfemoral access (TFA) traditionally used as the 

conventional approach (5,15) for the majority of its existence and it remains the method of 

choice for the majority of South African interventional radiologists (13). This is mainly due 

to the familiarity, experience and confidence South African interventionalists have in TFA. 

Transradial access (TRA) has grown in popularity through its exposure as a current mainstay 

in cardiac interventions (3,15,20). It has now been adopted as a viable alternate vascular 

access by many interventional radiologists in other body endovascular work (3,6). However, 

since its documented inception in 1989 (15,21) and the first case series 25 years ago, TRA 

use by interventional radiologists has fallen significantly short of our cardiology counterparts 

(2,3,20). Despite this, virtually all of the reviewed relevant literature supports the fact that 

TRA is advantageous over TFA due to several reasons including increased patient comfort, 

decreased access-related and vascular complications, improved outcomes, lower morbidity 

and mortality rates, earlier patient mobilisation, shorter duration of hospitalisation and need 

for nursing care, and economic favourability (2–6,12,13,15,20,21). TRA is also advantageous 

in morbid obesity, a reported relative contraindication to TFA in cardiac interventions, with 

technically less complicated arterial access in this subset patient population (12,21). 

The only significant limiting technical factor for TRA as opposed to TFA is patient height, due 

to the catheter length restriction required to adequately access the uterine arteries (21), 

which is limited to a maximum patient height of 178 cm (12). A rare potential procedural 

complication of TRA is cerebral emboli (3,15,20). Due to dual arterial supply to the hand, 

inadvertent radial artery injury such as thrombosis or dissection is rarely detrimental 

(3,15,21). More concerning is the fact that there has been a wide misconception that TRA 
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incurs longer procedural times (3) (and hence fluoroscopy time) as well as increased patient 

radiation exposure (13) in comparison to TFA. 
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6. Abstract

6.1 Background 

Uterine artery embolisation (UAE) is a recognised minimally invasive, effective and fertility-

preserving treatment option for patients with symptomatic uterine leiomyomas. The 

conventional transfemoral access (TFA) in UAEs remains the method of choice for the 

majority of South African interventional radiologists. Transradial access (TRA) has grown as 

a viable alternate vascular access. The advantages of TRA over TFA have been well 

documented, however a lack of safety parameter comparison in procedures performed via 

TRA versus TFA remains. 

6.2 Objectives 

To compare the mean radiation dose and accumulative fluoroscopy time measured in 

between TRA and TFA UAEs performed for the treatment of uterine leiomyomas. 

6.3 Method 

A single-institution retrospective study was conducted on all female patients having 

undergone UAE for symptomatic uterine leiomyomas at GSH between 1 January 2018 and 

31 March 2020. Safety parameters between TFA and TRA UAEs were compared. 

6.4 Results 

Of the 61 patients having undergone UAEs, 29 were TFA and 32 TRA UAEs.  No statistical 

difference was observed between the procedural and screening times, however there was 

a statistically significant difference for mean radiation dose: TFA recorded a mean radiation 
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dose of 1 158 (95% CI 721- 1596), TRA had a mean of 639 (95% CI 36-1243 units) higher than 

TFA (p-value = 0.038). 

6.5 Conclusion 

The comparison of the majority of the safety parameters between TRA and TFA UAEs in our 

study demonstrated no statistical significance. The increase in radiation dose in the TRA vs 

TFA group is comparable to other studies and although statistically significant, is small. 

Therefore, TRA still forms a safe viable alternate form of access for UAEs. 

6.6 Keywords 

Radiation dose, fluoroscopy screening time, transradial access, transfemoral access, uterine 

artery embolisation, uterine fibroid embolisation. 
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7. Introduction

Uterine artery embolisation (UAE) is a recognised minimally invasive, effective and uterine-

preserving treatment option for patients with symptomatic uterine leiomyomas (1–8). The 

procedure involves tumour devascularisation through embolization of its arterial supply to 

promote ischaemic infarction and subsequent tumour regression, with an end goal of 

symptomatic relief (3,5,6,9). 

UAE is superiorly advantageous to surgical management in reducing the rate of surgical 

complications and length of hospital admission, which has significant advantages in terms of 

financial and budgetary considerations (2,6,7,9–12). Importantly, UAE is now a recognised 

level 1 alternative to myomectomy (and superior to TAH) as fertility-preserving therapy for 

symptomatic uterine leiomyomas (13). 

Transfemoral access (TFA) has been traditionally used as the conventional approach (2,4) in 

UAEs and it remains the method of choice for the majority of South African interventional 

radiologists (12). 

Within the advancing field of interventional radiology, interventionists are striving for new 

techniques to improve the overall outcome and success rate of endovascular treatment 

options.  

Transradial access (TRA) has grown in popularity through its exposure as a current mainstay 

in cardiac interventions (4,14,15). It has now been adopted as a viable alternate vascular 

access by many interventional radiologists in other endovascular body interventions (14,16). 

However, TRA use by interventional radiologists has fallen significantly short of our 

cardiology counterparts (14,15,17). Despite this, virtually all of the reviewed relevant 

literature supports the fact that TRA is advantageous over TFA due to several reasons 

including increased patient comfort, decreased access-related and vascular complications, 
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improved outcomes, lower morbidity and mortality rates, earlier patient mobilisation, 

shorter duration of hospitalisation and need for nursing care, and economic favourability 

(2,4,12,14–20). 

There however remains a lack of available data comparing patient radiation exposure, and 

thus safety, in procedures performed via TRA versus TFA (14,17,20). 

Before the implementation of a new radiological modality or therapy (or approach 

specifically in this case), its safety profile should be paramount and the very first aspect of 

consideration, aligning with the Hippocratic oath and one of the key pillars of medical ethics 

of first do no harm. In radiology, we are governed by the ALARA (as low as reasonably 

achievable) principle in the context of ionising radiation exposure, which is fundamental to 

the principles of radiation protection. In any interventional radiology procedure, radiation 

exposure and procedure duration (and therefore fluoroscopy time) are intimately linked and 

directly proportional (1). It is therefore the basis of this study, which is the first of its kind in 

a South African government/public health institution. 

8. Objectives 

The primary objectives of this study were to compare the mean radiation dose, measured in 

milligrays (mGy), and the mean accumulative fluoroscopy time measured in minutes (min), 

between transradial and transfemoral access UAEs performed for the treatment of uterine 

leiomyomas at GSH. 

9. Research Methods and Design 

A single-institution retrospective study was conducted at Groote Schuur Hospital (GSH), an 

academic tertiary-level hospital in Cape Town, Western Cape, South Africa. All female 
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patients having undergone UAE for symptomatic uterine leiomyomas at GSH between 1 

January 2018 and 31 March 2020 were included. Aborted procedures due to failed access 

or any other reason, and patients with incomplete or inadequate data were excluded. 

9.1 Data collection 

Data was collected from study participant electronic database records as defined by the 

study population and inclusion/exclusion criteria. A total of 61 patients had undergone UAEs 

for symptomatic uterine leiomyomas during the specified time period and were included in 

the study population, with no exclusions. 

The GSH radiology department Philips picture archiving and communications system (PACS) 

was accessed to gain the relevant data required, specifically the procedural time, 

fluoroscopy time and radiation dose of each procedure, which were anonymised on a 

Microsoft Excel spreadsheet. The biostatistician was provided with the anonymised data for 

statistical analysis.  

10. Statistical Analysis 

Demographic characteristics and variables of interest were described using median 

interquartile range (IQR) for continuous variables and frequency and proportion for 

categorical variables. The outcome of interest (radiation dose) was assessed for normality. 

Difference in the mean radiation dose, accounting for other potential confounding, was 

assessed via a multivariate linear regression model with the explanatory variables being the 

type of procedure and demographic variables. Inclusion of variables in the model was 

informed by the Bayesian information criterion. The outcome was the mean radiation dose. 
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Secondary objectives were assessed with similar methods with the outcome variable being 

mean accumulative fluoroscopy time.  

11. Ethical Considerations 

Ethical approval was obtained from the Faculty of Health Sciences Human Research Ethics 

Committee of the University of Cape Town (HREC reference number 865/2024). Institutional 

approval was also granted by Groote Schuur Hospital. 

Informed consent was not applicable due to the retrospective design of this study. 

12. Results 

61 patients were included in the study, of which 29 had undergone UAE with TFA and 32 

TRA. In 1 patient access was converted to femoral due to failed radial artery cannulation. 1 

case was rescheduled due to high blood pressures once adequately optimised.  In total, 

successful embolisation as defined by adequate cessation of blood flow in both uterine 

arteries was achieved in 53 patients. Semi-successful embolisation as a result of failed 

cannulation of one of the uterine arteries and technical successful embolisation in the 

contralateral uterine artery was achieved in the remainder of the 8 patients. 

The mean radiation dose of all TFA UAEs was 1.158mGy, and 1798mGy in the TRA cases (p-

value of 0.087), with a mean radiation dose per minute (mGy/min) of 67 and 91, respectively 

(p-value 0.12). The mean procedural time was 102min in the TFA cases, and 120 in the TRA 

UAEs (p-value 0.13), with a mean accumulative fluoroscopy time of 18min and 21min, 

respectively (p-value 0.27). (Table 1). 
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Table 1: Patient demographics and procedural characteristics of the study 
population 

 Femoral    
N = 29 

Radial    
N = 32 p-value 1 

Age (years), Mean (SD)  38 (7) 41 (7) 0.087 
Total Radiation Dose (mGy), Mean (SD)  1,158 (915) 1,798 (1,370) 0.035 
Procedural Time (min), Mean (SD)  102 (48) 120 (46) 0.13 
Radiation Dose per Minute (mGy/min), Mean (SD)  67 (43) 91 (70) 0.12 
Accumulative Fluoroscopy Screening Time (min), Mean (SD)  18 (11) 21 (10) 0.27 
1Welch Two Sample t-test 1.  

 

 

Figure 1: Radiation and surgical minutes 

 

The graph in figure 1 illustrates plotted values comparing radiation dose to the 

accumulative screening time (mGy/min) of each case, demonstrating the expected 

increasing radiation dose with increased duration of accumulative screening time. 
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Figure 2 illustrates the comparison of accumulative screening time between the 2 

approaches, demonstrating increased accumulative screening time in the TRA cases 

compared to that of the TFA cases. 

 

 

Figure 2: Radiation dose by approach 

 

Table 2: Regression analysis of radiation dose and surgical time 
Group   Beta (95% CI)1 p-value  
Procedural Time (min)  (Intercept)  102 (84 to 119) <0.001 
 Type of Access    
 Femoral —  
 Radial 19 (-5.5 to 43) 0.13 
Radiation Dose (mGy)  (Intercept)  1,158 (721 to 1,596) <0.001 
 Type of Access    
 Femoral —  
 Radial 639 (36 to 1,243) 0.038 
Accumualtive Fluoroscopy Screening Time (min)  (Intercept)  18 (14 to 22) <0.001 
 Type of Access    
 Femoral —  
 Radial 3.1 (-2.4 to 8.5) 0.27 
1CI = Confidence Interval 
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Table 2 shows the resultant linear models of the relationship between access type and 

procedural minutes, radiation dose, and fluoroscopy. There was insufficient evidence to 

reject the null hypothesis of no difference between procedural minutes and fluoroscopy 

screening time between radial and femoral access, however there was a statistically 

significant difference for mean radiation dose: femoral access recorded a mean radiation 

dose of 1 158 (95% CI 721- 1596), radial access had a mean of 639 (95% CI 36-1243 units) 

higher than the femoral access (p-value = 0.038). 

This study demonstrated a higher mean radiation dose among patients undergoing radial 

access compared to femoral access. No difference was observed between the procedural 

time and screening time. 

The analysis did not control for confounders such as patient age, height, weight, nor severity 

of condition. In addition, the procedures were performed by different interventional 

radiologists and trainees. 

13. Discussion 

On review of the current literature, the paucity of research comparing the safety parameters 

between TRA and TFA is evident (14,15,17,20). This gap highlights and strengthens the 

importance of our study where the primary focus was on safety parameters of both 

approaches in the same interventional procedure. 

The results of this study demonstrating a statistically significant higher mean radiation dose 

in TRA UAEs as compared to that with TFA conflicts with some of the current published 

literature which show no statistically significant difference in this safety parameter between 

the two approaches (12,14,16–19). There are however a few studies which do demonstrate 
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small but still statistically significant increase in radiation exposure in TRA vs TFA, as is the 

case in this study (2). Our study did however demonstrate no statistically significant 

difference in procedural time, accumulative screening time or radiation dose per minute 

between the two approaches. This is in contrast to some of the reviewed literature which 

mention studies in which the fluoroscopy time were significantly higher in TRAs vs TFAs (2). 

In addition, our mean accumulative fluoroscopic screening times were favourably 

comparable to those documented in other studies – 18-21min vs 18.9min in Pron et al (8). 

Therefore, TRA still forms a safe viable alternate form of access for UAEs. 

Given the teaching environment in an academic institution such as GSH, procedures were 

performed by different interventional radiology consultants teaching different trainees of 

differing skill level and experience, irrespective of the type of access. This represents a 

confounder and significant limitation of this study. 

TRA was first utilised for UAEs in our institution in 2018, which represents the start point of 

our collected data set for this study. TRA was therefore at the time a novel and unfamiliar 

type of access in comparison to the conventional TFA, which in turn carries a steeper 

learning curve. This inevitably incurs lengthier procedural and fluoroscopic screening times, 

and hence higher total radiation doses (8) – radiation exposure and procedure duration (and 

therefore fluoroscopy time) are intimately linked and directly proportional (1). 

However, as with most interventional procedures, efficiency improves with time and 

growing familiarity of the newer technique. Therefore, a recommendation for a future study 

comparing the change in safety parameters over time and with more gained experience 

would be fitting. 
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UAE as a treatment option for symptomatic uterine leiomyomas is superiorly advantageous 

to surgical management in reducing the rate of surgical complications and degree of post-

procedural pain, minimising patient recovery time and thereby the length of hospital 

admission which has significant advantages in terms of financial and budgetary 

considerations (2,6,7,9–12). Similarly, it is well documented in the literature that TRA UAEs 

have better outcomes in terms of patient comfort, vascular complications, mobility and 

therefore length of hospital stay than those of TFA UAEs (2,4,12,14–20). 

Therefore, in addition to comparing the safety parameters between the two approaches at 

a future date, a more comprehensive study incorporating the above measurable outcomes 

would be a fairer more robust comparison of the two approaches. 

 

Further limitations of the study include the retrospective study design and small cohort of 

patients at a single centre. 

14. Conclusion 

There are limited studies in the literature which comprehensively compare the safety 

parameters between TRA vs TFA, specifically in UAEs. The comparison of the majority of the 

safety parameters between TRA and TFA UAEs in our study demonstrate no statistical 

significance, which is in contrast to some of the reviewed literature. Despite the 

demonstrable statistically significant increase in radiation dose in the TRA group vs TFA, this 

is comparable to some studies in the reviewed literature and although statistically 

significant, is small. 

Therefore, TRA still forms a safe viable alternate form of access for UAEs. 
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