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Please note that your manuscript must include a 'Declarations' section including all of the 
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Title page 

The title page should: 

• present a title that includes, if appropriate, the study design e.g.:  

- "A versus B in the treatment of C: a randomised controlled trial", "X is a risk 

factor for Y: a case control study", "What is the impact of factor X on subject Y: 

A systematic review" 

- or for non-clinical or non-research studies a description of what the article reports 

• list the full names and institutional addresses for all authors  

- if a collaboration group should be listed as an author, please list the Group name 

as an author.  If you would like the names of the individual members of the Group 

to be searchable through their individual PubMed records, please include this 

information in the “Acknowledgements” section in accordance with the 

instructions below 

- Large Language Models (LLMs), such as ChatGPT, do not currently satisfy 

our authorship criteria.  Notably an attribution of authorship carries with it 

accountability for the work, which cannot be effectively applied to LLMs.  Use of 

an LLM should be properly documented in the Methods section (and if a Methods 

section is not available, in a suitable alternative part) of the manuscript. 

• Indicate the corresponding author 

 

Abstract 

The Abstract should not exceed 350 words.  Please minimise the use of abbreviations and do 

not cite references in the abstract.  Reports of randomised controlled trials should follow 

the CONSORT extension for abstracts.  The abstract must include the following separate 

sections: 

https://openai.com/blog/chatgpt/
https://www.biomedcentral.com/getpublished/editorial-policies#authorship
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• Background: the context and purpose of the study 

• Methods: how the study was performed and statistical tests used 

• Results: the main findings 

• Conclusions: brief summary and potential implications 

• Trial registration: If your article reports the results of a health care intervention on 

human participants, it must be registered in an appropriate registry and the registration 

number and date of registration should be stated in this section.  If it was not 

registered prospectively (before enrollment of the first participant), you should 

include the words 'retrospectively registered'.  See our editorial policies for more 

information on trial registration 

 

Keywords 

Three to ten keywords representing the main content of the article. 

 

Background 

The Background section should explain the background to the study, its aims, a summary of 

the existing literature and why this study was necessary or its contribution to the field. 

 

Methods 

The methods section should include: 

• the aim, design and setting of the study 

• the characteristics of participants or description of materials 

• a clear description of all processes, interventions and comparisons.  Generic drug 

names should generally be used.  When proprietary brands are used in research, 

include the brand names in parentheses 

• the type of statistical analysis used, including a power calculation if appropriate 

 

Results 

This should include the findings of the study including, if appropriate, results of statistical 

analysis which must be included either in the text or as tables and figures. 
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Discussion 

This section should discuss the implications of the findings in context of existing research 

and highlight limitations of the study. 

 

Conclusions 

This should state clearly the main conclusions and provide an explanation of the importance 

and relevance of the study reported. 

 

List of abbreviations 

If abbreviations are used in the text they should be defined in the text at first use, and a list of 

abbreviations should be provided. 
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Abstract  

Background: Nonvalvular Atrial fibrillation (NVAF) is a growing epidemic in Africa.  

Anticoagulation, considered the backbone of NVAF management, is limited to warfarin as 

the mainstay of available anticoagulation therapy in most low-and-middle-income countries 

(LMICs).  The optimal time in the therapeutic range (TTR) while on warfarin is crucial to 

avoid bleeding and thromboembolic complications. This study aimed to assess 

anticoagulation control in patients with NVAF on warfarin in Johannesburg, South Africa.  

Methods: We conducted a cross-sectional retrospective study on consecutive patients with 

NVAF managed between the 1st of January 2015 and the 31st of December 2019 at a tertiary-

level academic centre in Johannesburg, South Africa.  Anticoagulation control for patients 

with NVAF was assessed by calculating the time in therapeutic range using the Rosendaal 

method.  

Results: The study population comprised of 177 patients diagnosed with NVAF.  The mean 

age in the study population was 65.0 ± 13.1 years.  The median TTR among patients with 

NVAF was 46% [interquartile range (IQR): 8.7 – 86.0], and 63 (35.6%) patients with NVAF 

had a TTR ≥ 70%.  Patients with poor anticoagulation control (TTR<70%) were on warfarin 

for a shorter duration compared with those with optimal anticoagulation control [56 days 

(IQR: 43 – 84) vs 70 days (IQR: 56 – 140), p=0.0013].  The mean CHA2DS2-VASc score 

was 4 ± 1.5, and it did not differ between patients with poor or optimal anticoagulation 

control. Among the 175 patients with calculable HAS-BLED scores, 21 (12.0%), 112 

(64.0%) and 42 (24.0%) were at a low, moderate, and high risk for bleeding, respectively.  Of 

the 21 patients in the HAS BLED low risk category, only 4 (19.0%) had a TTR<70% 

(p<0.001). Warfarin toxicity was documented in 13 (7.3%) patients.   

Conclusion: In our study, a TTR ≥ 70%, suggesting poor anticoagulation control was found 

in 35.6% of NVAF patients on warfarin. Larger multicentre trials comparing the occurrence 

of bleeding, thromboembolic events, as well as the total cost to the healthcare system in 

patients treated with warfarin compared to direct oral anticoagulation therapy are required to 

guide oral anticoagulation strategies in Africa.  

 

Keywords: atrial fibrillation; anticoagulation; warfarin; time in therapeutic range; direct oral 

anticoagulants; international normalised ratio  
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Background    

The bedrock of nonvalvular atrial fibrillation (NVAF) management is optimal 

anticoagulation.  This is required to mitigate the associated high risk of mortality, stroke, and 

impaired quality of life. [1].  Atrial fibrillation (AF) carries a five-fold increased risk of 

complicating with a stroke.  Atrial fibrillation-related strokes are associated with significant 

disability and mortality compared to non-AF-related strokes [2, 3].  Optimal anticoagulation 

control remains challenging, particularly in low-and-middle-income countries (LMICs).  The 

efficacy of direct oral anticoagulants (DOACs) has led to increasing use in NVAF and 

incentivised ongoing research into their safety profile.  As such, DOACs are progressively 

being considered for NVAF, even in previously neglected high-risk populations such as those 

with kidney disease and frail patients [4, 5]. 

 

In LMICs, the introduction of DOACs in the management plan of patients with NVAF is 

currently not perceived as cost-effective despite a higher incidence of NVAF-related 

complications such as stroke.  In a prospective cross-sectional observational AF registry of 

29 medical institutions in urban South Africa involving 302 patients with a mean age of 67 

years, the prevalence of AF-related strokes was 8.3% [6].  In rural South Africa, the crude 

incidence rate for non-AF-related stroke is 244 per 100,000 person-years [7]. 

 

The high stroke burden associated with AF necessitates maintaining an optimal time in the 

therapeutic range (TTR) to prevent thromboembolic events and curtail the bleeding effects of 

poor warfarin control.  The 2020 European Association of Cardiology guidelines for the 

diagnosis and management of NVAF, developed in collaboration with the European 

Association of Cardiothoracic Surgery, recommends switching patients from vitamin K 

antagonists to direct oral anticoagulants (DOACs) if the TTR is below 70% as a class I 

indication [1].  There is limited data describing anticoagulation control in patients with 

NVAF in LMICs.  Therefore, the study aimed to determine the level of oral anticoagulation 

control in patients with NVAF treated with vitamin K oral anticoagulation in a tertiary 

academic centre in Johannesburg, South Africa. 

 

 

 

 

 



 7 

Methods 

We conducted a cross-sectional retrospective study in the Division of Cardiology at the 

Charlotte Maxeke Johannesburg Academic Hospital (CMJAH) on patients with NVAF 

diagnosed between 1 January 2015 and 31 December 2019.  Patients 18 years of age and 

older with the International Classification of Disease (ICD-10) code for AF who were treated 

with oral vitamin K anticoagulation (warfarin) and had outpatient international normalised 

ratios (INR) measured for a minimum of six months were included in the analysis.  The 

rationale for this was to mitigate the effects of warfarin initiation titration dosing.  We 

excluded records of patients who had valvular atrial fibrillation, as evidenced by 

echocardiographic features of mitral stenosis or a previous history of valve surgery for 

organic valvular heart disease.  Patients who were not prescribed oral anticoagulation therapy 

and those on DOACs were also excluded.   

 

Study data was collected from an electronic health record system that captures admission data 

for all patients hospitalised in the cardiology wards as well as from outpatient medical 

records at the CMJAH.  The following variables were collected and analysed as part of the 

study: demographic data, comorbidities, oral medication, heart rate, systolic and diastolic 

blood pressure, the left ventricular ejection fraction, the CHA2DS2-VASc (Congestive heart 

failure/left ventricular ejection fraction <40%, hypertension, age >75 years, diabetes mellitis , 

stroke/transient ischemic attack/thromboemobolism history, vascular disease , age 65-75 

years , female sex) score as well as the  HAS-BLED  (Hypertension, abnormal renal/liver 

function, stroke, bleeding history or predisposition, labile international normalised ratio, 

elderly [age>65], drugs/alcohol concomitantly ) score [1]. Laboratory parameters such as the 

estimated glomerular filtration rate (eGFR) and the INR were obtained from the National 

Health Laboratory Services website.  

 

In accordance with the latest AF guidelines for an INR target between 2 - 3 for all patients 

with NVAF on warfarin, we calculated the TTR using the Rosendaal method for patients with 

NVAF [1, 8-10].  Furthermore, patients with NVAF were stratified according to the TTR 

(TTR<70% and TTR ≥70%).  

 

We also took note of documented thromboembolic and haemorrhagic events that occurred 

within the study period.  Thromboembolic events were defined as an occurrence of a 

cerebrovascular event, transient ischaemic attacks, pulmonary embolism, or deep vein 
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thrombosis.  Haemorrhagic events included warfarin toxicity defined as: bleeding in a patient 

with an INR above 4 that necessitates hospital admission or blood transfusion.   

 

 

Permission to conduct the study was obtained from the University of the Witwatersrand 

Human Research Ethics Committee, Medical (certificate number: 201091) and relevant 

hospital authorities.  Individual patient consent was waived since the study entailed a 

retrospective review of medical records.  

 

 

Statistical Analysis  

Statistical analyses were performed using Stata SE version 17 (StataCorp. 2019. College 

Station, TX: StataCorp LLC).  Data is expressed as the mean and standard deviation when 

normally distributed and as the median with interquartile ranges (IQR) when the distribution 

is non-normal.  Categorical data is expressed as frequencies and percentages.  For continuous 

variables with a normal distribution, a Student t-test was used to test for intergroup 

differences (TTR<70% vs. TTR ≥70%), and the Pearson’s chi-square test was used to 

compare categorical data.  A Wilcoxon rank sum test was used to compare medians for 

continuous variables with a non-normal distribution.  All variables with a p-value of less than 

0.25 after conducting the Pearson’s chi-square test, Student’s t-test or Wilcoxon rank sum test 

after testing for intergroup differences (TTR<70% vs TTR≥70%) were selected for further 

exploration in the univariable logistic regression model.  Confidence intervals (CI) were set 

at 95%, and a p-value of less than 0.05 was considered to represent statistical significance. 

 

Results 

Demographic and clinical characteristics  

The final study population comprised 177 patients with NVAF (Figure 1). There were 96 

(54.2%) males, and the mean age in the study population was 65.0 ± 13.1 years. Heart failure 

was reported in 146 (82.5%) patients. A history of myocardial infarction (MI) was 

documented in 44 (24.9%) patients, and 17 (9.6%) patients with NVAF had a history of 

previous cerebrovascular accidents or transient ischaemic attacks (TIA). There were three 

(1.7%) people living with human immunodeficiency virus (PLHIV). Among all patients with 

NVAF, 125 (70.6%) were pensioners. The rest of the baseline demographic and clinical 

characteristics are depicted in Table 1.  
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Figure 1 Flow chart showing the selection of patients included in the study. DOACs: direct 

oral anticoagulants, INR: international normalised ratio, TTR: time in therapeutic range 
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Table 1 Baseline demographic and clinical characteristics of patients with non-valvular atrial  

fibrillation on warfarin categorised according to the time in the therapeutic range 

Data are represented as the mean and standard deviation (SD) for continuous variables with a 

normal distribution and the median and interquartile ranges (p25-p75) when the distribution 

is non-normal.  Categorical data are represented as frequencies and percentages.  ACE: 

angiotensin-converting enzyme; ARB: angiotensin receptor blocker; BP: blood pressure; 

LVEF: left ventricular ejection fraction; MI: myocardial infarction 

 

 

 

Clinical 

Parameters 

All patients with 

NVAF 

(n=177) 

TTR <70% 

(n=114) 

64.4% 

TTR ≥70% 

(n=63) 

35.6% 

 

 

p-value 

Age (years) 65.0 ± 13.1 64.7  ±  12.4 65.7 ±  14.3 0.6225 

Male 96 (54.2) 62 (54.4) 34 (54.0) 0.9570 

Ethnicity     

 African  77(43.7) 52 (45.6) 25 (40.3) 0.4990 

 Caucasian 75 (42.6) 46 (40.3) 29 (46.8) 0.4100 

 Indian 11 (6.2) 8 (7.0) 3 (4.8) 0.5680 

 Mixed Ancestry  13 (7.4) 8 (7.0) 5 (8.1) 0.8000 

Comorbidities     

 Hypertension 140 (79.1) 90 (78.9) 50 (79.4) 0.9480 

  Diabetes Mellitus  68 (38.4) 47 (41.2) 21 (33.3) 0.3010 

  Previous MI 44 (24.9) 28 (24.6) 16 (25.4) 0.9020 

  Heart Failure  146 (82.5) 95 (83.3) 51 (80.9) 0.6900 

Medication      

  Beta blockers 142 (80.2) 89 (78.1) 53 (84.1) 0.3330 

  Calcium channel blockers 23 (13.0) 12 (10.5) 11 (17.5) 0.1890 

  ACE inhibitor or ARB 97 (54.8) 68 (59.6) 29 (46.0) 0.0810 

  Digoxin 22 (12.4) 10 (8.8) 12 (19.0) 0.0470 

 Heart rate, bpm 91 (80 – 109) 88 (78 – 107) 97 (82 – 115) 0.2699 

 Systolic BP, mmHg 128 ±  21.8 130 ±  23.0 125 ±  19.1 0.1488 

 Diastolic BP, mmHg 82  ±  16.6 84 ±  17.5 80 ±  14.4 0.1070 

 LVEF, % 44 ± 17.1 44 ± 17.8 43 ± 16.1 0.6565 
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Anticoagulation control in patients with nonvalvular atrial fibrillation 

The median TTR among patients with NVAF was 46.0% (IQR: 8.7 – 86.0), and the TTR was 

greater than or equal to 70% in 63 (35.6%) patients (Figure 2).  The weekly median warfarin 

dose did not differ significantly between patients with poor (TTR<70%) or optimal 

(TTR≥70%) anticoagulation control [35.0 mg (IQR: 25.0 – 35.0) vs 35.0 mg (17.5 – 35.0), 

p= 0.8232]. Patients with poor anticoagulation control (TTR<70%) were on warfarin for a 

shorter duration compared with those with optimal anticoagulation control [56 days (IQR: 43 

– 84) vs 70 days (IQR: 56 – 140), p=0.0013].  The eGFR did not differ significantly between 

patients with a TTR<70% and those with a TTR ≥70%, [54.5 ml/min/1.73m2 (IQR: 42 – 74) 

vs 58 ml/min/1.73m2 (IQR: 42 – 79), p=0.7119].  The mean CHA2DS2-VASc score was 4 ± 

1.5, and it did not differ significantly between patients with poor or optimal anticoagulation 

control (p=0.4932). Among the 175 patients with calculable HAS-BLED scores, 21 (12.0%), 

112 (64.0%) and 42 (24.0%) were at a low, moderate, and high risk for bleeding, 

respectively.  Of the 21 patients in the HAS BLED low risk category, only 4 (19.0%) had a 

TTR<70% (p<0.001). 

 

 

Figure 2 Time in therapeutic range in nonvalvular atrial fibrillation patients on warfarin 
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The median baseline or first INR measured was 2.1 (IQR: 1.5 – 2.8), and the median duration 

between the baseline or first INR and the third INR measurement was 62 days (IQR: 49 – 

97). There were 68 (38.4%) patients with a baseline INR between 2.0 and 3.0 (Figure 3).   

 

 

 

 

Figure 3 Distribution of baseline or first international normalised ratio (INR) measurements 

in non-valvular atrial fibrillation patients on warfarin 

 

Complications 

Warfarin toxicity was documented in 13 (7.3%) patients where gastrointestinal bleeding was 

reported in one (0.6%) patient .The median duration between the diagnosis of NVAF and the 

occurrence of warfarin toxicity was 129 days (IQR: 24 – 783). Major bleeding requiring a 

blood transfusion was documented in one (0.6%) patient. 
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Thromboembolic complications were only documented in a few patients, with ischaemic 

strokes documented in 6 (3.4%) patients, acute pulmonary embolism in one (0.6%) patient 

and lower limb deep vein thrombosis in one (0.6%) patient.   

 

 

Predictors of poor anticoagulation control 

To assess for predictors of poor anticoagulation control (TTR< 70%) among patients with 

NVAF, the following variables were included for further exploration in the univariable 

logistic regression model: systolic and diastolic blood pressure, medications (ACE or ARB, 

calcium channel blockers, and digoxin) and duration on warfarin. The HAS-BLED score was 

not included in the univariable logistic regression model since it incorporates INR. This was 

done to avoid collinearity between the HAS-BLED score and the TTR. None of the variables 

were associated with poor anticoagulation control. 

 

Table 2: Univariable regression analysis of variables associated with poor anticoagulation 

control (TTR <70% ) in nonvalvular atrial fibrillation patients on warfarin 

 

Clinical Parameter Odds  

ratio 

 

p-value 

 

95% CI 

ACE inhibitor or ARB  1.733 0.083 0.931-3.224 

Digoxin  0.408 0.052 0.165-1.009 

Calcium channel blocker  0.556 0.193 0.229-1.356 

Systolic blood pressure 1.011 0.149 0.996-1.025 

Diastolic blood pressure 1.016 0.109 0.997-1.036 

Duration on warfarin (days) 0.997 0.079 0.993-1.000 

ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; BP: blood 

pressure; CI: confidence interval.  
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Discussion 

We retrospectively reviewed medical records of 177 patients with NVAF treated at the 

CMJAH, a tertiary state-owned academic hospital in Johannesburg, South Africa. Our study 

demonstrated that anticoagulation control in patients with NVAF is suboptimal, with only 

35.6% of our patients achieving a TTR above the recommended 70%.  The median TTR was 

46.0% (IQR: 8.7 – 86.0) and was higher than that reported by the Randomized Evaluation of 

Long-Term Anticoagulation Therapy (RELY) Atrial fibrillation Registry, a multicentre 

global trial which included 20 sites from Africa [11].  In the RELY trial, the mean TTR 

among 1137 patients recruited from Africa was 33%, and patients from Africa with NVAF 

had the lowest TTR compared to their counterparts in high-income countries and other 

LMICs [11].  Also, a study by Semakula and colleagues evaluating the TTR in outpatients 

requiring INR monitoring services in Uganda and South Africa showed that, despite regular 

INR monitoring at least once per month, the median TTR was 41% (IQR: 14 - 69) [3].  

Although this study by Semakula et al. included all patients on warfarin irrespective of the 

clinical indication for warfarin, it highlighted some of the shared difficulties we also found in 

our study associated with warfarin use.  Furthermore, a study conducted in Kwa-Zulu Natal, 

South Africa, found that only ten patients (10.4%) with NVAF maintained a TTR above 70%.  

In their study, the mean TTR estimated using the Rosendaal method among 96 patients with 

NVAF was 44% ± 18.5, comparable to the TTR obtained in our study [12].  

 

Frailty is a biological syndrome with multiple cumulative physiological declines and a 

reduced ability to employ homeostatic resilience and reserve to recover from stressors [13].  

Atrial fibrillation increases frailty by four-fold and may be a marker of frailty [13, 14].  In our 

study, NVAF patients had a mean age of 65 years, comparable to other studies [3, 15].  

Although frailty was not assessed in our patients, frailty remains relevant in AF management.  

Frail patients are less likely to receive anticoagulation due to warranted concern about 

adverse outcomes such as bleeding.  The clinical tendency to not anticoagulate this inherently 

high-risk stroke population group is likely further exacerbated by polypharmacy interactions 

and the impact of multiple comorbidities.  Evidence supports a net clinical benefit of 

anticoagulation in frail AF patients [16].  

 

 

Heart failure and AF have a synergistic effect in increasing the risk of thromboembolism and 

all-cause mortality [17].  In a study involving Framingham Heart Study participants with AF, 
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the hazard ratio (HR) for the occurrence of heart failure with preserved ejection fraction was 

2.34 (95% CI: 1.48 – 3.70, p=0.0003).  Participants with heart failure were 2.18 times more 

likely to be diagnosed with AF (HR: 2.18, 95% CI: 1.26 – 3.76, p=0.005) [18].  Yuyun et al. 

evaluated the spectrum of cardiac arrhythmias in sub-Saharan Africa (SSA) and reported that 

hypertension was the most common risk factor associated with AF, reported in 50-87% of 

patients, followed by heart failure in 32-64% of all patients with AF [19].  In our study, heart 

failure and hypertension were the most common comorbidities, with a prevalence of 82.5% 

and 79.1%, respectively.  In addition, The Heart of Soweto Study, involving patients residing 

in the urban part of South Africa, showed that hypertension is one of the most common and 

undertreated significant modifiable risk factor for cardiovascular disease in patients with and 

without AF.  In their study, 56% of all patients had hypertension, highlighting the need to 

screen vigorously, optimally monitor and treat all patients with hypertension using guideline-

directed management [20].  

 

The safety and efficacy of anticoagulation therapy in patients with AF and concomitant 

chronic kidney disease (CKD) have unique clinical implications.  There is an increased AF 

prevalence of up to 10-25% with deteriorating renal function [5].  Furthermore, CKD patients 

are at a high risk of thromboembolic events and major bleeding, independent of oral 

anticoagulation [5].  Studies show a baseline increased cerebral haemorrhage potential up to 

10 times higher in CKD patients than those with normal renal function [21].  Warfarin is 

currently the mainstay of anticoagulation in AF patients with CKD [21].  Our study did not 

show an association between renal dysfunction and poor TTR.  Patients with a TTR less than 

70%, had an eGFR of 54.5 ml/min/1.73m2 (IQR: 42 – 74) compared to 58 ml/min/1.73m2 

(IQR: 42 – 79) in the group with a TTR≥70%.  This is potentially related to a healthcare 

provider treatment bias and hesitance that may exist to prescribe anticoagulation to AF 

patients with declining renal function because of the concern of bleeding.  Insights from 

ongoing randomised control trials such as the Oral Anticoagulation in Haemodialysis Patients 

(AVKDIAL) and The Danish Warfarin Dialysis Study - Safety and Efficacy of Warfarin in 

Patients with Atrial Fibrillation on Dialysis (DANWARD) will hopefully have a positive 

impact on prescriber confidence in the management of AF patients with CKD [22, 23]. 

 

The advent of combination antiretroviral therapy has dramatically improved the life 

expectancy of PLHIV [24].  Consequently, AF has emerged as a significant contributor to 

high cardiovascular risk and mortality in the ageing population of PLHIV, with a prevalence 
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of 2-3% [23, 25].  However, it is unclear whether contemporary anticoagulation guidelines 

for AF can be safely applied to PLHIV [25].  This is particularly relevant in SSA, where the 

National Institute of Health estimates that there are 7.9 million PLHIV in South Africa [24].  

In our study, there were only three PLHIV, possibly due to underreporting.  

 

Traditional risk calculators such as the CHA2DS2-VASc score and the HAS-BLED score help 

estimate the risk of strokes and major bleeds in patients with AF.  However, they might not 

be well calibrated to accurately assess the true risk of stroke in patients with AF and in 

PLHIV [25].  It has been shown that even with correction for cardiovascular risk factors, a 

CD4 count of less than 200 and a viral load exceeding 100000 copies/ml had a 1.4-2.0-fold 

and 1.7-fold increased risk of AF, respectively [24].  This and other human 

immunodeficiency virus-specific factors like interactions with ARVs, the role of 

hyperhomocysteinemia and comorbid opportunistic infections are largely neglected in 

anticoagulation efficacy and safety research [25].  

 

The C-statistic of the CHA2DS2-VASc model for one-year risk of ischaemic stroke or TIA 

among patients with AF was 0.679 (95% CI: 0.670 – 0.686) [26].  Despite correcting for 

ethnic differences, the C-statistic, which measures the ability of a model to discriminate 

between positive and negative cases, did not improve, suggesting that the model may have 

modest predictive powers [26].  In our study, the mean CHA2DS2-VASc score was 4, and it 

did not differ between patients with poor and optimal anticoagulation control (p=0.4932).  

Therefore this infers that the overall risk of ischemic strokes, systemic embolisms and TIA in 

our study cohort with NVAF could be between 4.8% and 6.7% [27].  

 

The occurrence of thromboembolic and bleeding complications in AF patients with poor 

anticoagulation control is well described [28-31].  In our study, warfarin toxicity was 

documented in 7.3% of all patients, despite INR monitoring.  Furthermore, our study also 

demonstrated that the rate of thromboembolic complications was low.  This is likely not 

representative of the actual burden of thromboembolic complications since most hospitalised 

patients with AF-related strokes and thromboembolic complications are primarily managed in 

general medical or surgical wards and not in cardiology wards.  Ischaemic strokes were the 

most common complication, documented in 3.4% of all patients with NVAF.  One of the 

common predictors of poor anticoagulation control reported in the literature is polypharmacy, 

where NVAF patients on six or more oral medications were at risk of poor anticoagulation 
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control (TTR<65%), (Odds Ratio:1.89, 95% CI: 1.03–3.33; p = 0.03) [32].  In our study, 

none of the clinical variables predicted poor anticoagulation control.  

 

In most LMICs, the most feasible approach for managing AF patients on vitamin K 

antagonists is patient counselling, education, and frequent INR monitoring.  Recent 

guidelines suggest that in patients who fail to maintain a TTR above 70%, DOACs should be 

considered [1].  The findings from our study have shown that the use of warfarin therapy in 

64.4% of our patient group is inefficacious and potentially harmful.  Suboptimal warfarin use 

is not innocuous, as patients are at a greater risk for increased bleeding and strokes [33].  

Healthcare systems in LMICs need to evaluate whether the cost of newer oral anticoagulation 

may be offset by the cost of regular INR monitoring, frequent outpatient visits and a 

reduction in costs immanent in managing warfarin-related complications.  

 

The study's retrospective nature and the relatively smaller sample size are the main 

limitations.  Although we could demonstrate a low TTR in patients with NVAF, we could not 

accurately showcase the complications associated with such poor control.  This is related to a 

selection bias in our study, where only patients with cardiac-specific complications would 

have been admitted to the cardiology department.  In addition, since the study was conducted 

at a single-centre, academic tertiary hospital, it excluded patients who would have presented 

to their local hospitals with AF and its related complications.  Incomplete record keeping was 

a significant challenge, particularly when mining the electronic health record system.  

Despite these limitations, our study has demonstrated the need to consider introducing 

DOACs to high-risk individuals with a TTR persistently below 70% after adequate 

counselling and patient education. 

 

Conclusions   

Our study found suboptimal anticoagulation control in 64.4% of patients with NVAF.  There 

is an urgent need to improve access to DOACs to ensure these patients are adequately 

protected from AF-related morbidity and mortality.  Cost-effectivity analysis studies are 

required in LMICs to determine which therapeutic strategy would be effective and cost-

saving to the entire healthcare system, considering all direct and indirect costs involved in 

managing patients with AF. 
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ACE:   angiotensin-converting enzyme   

AF:   atrial fibrillation  

ARB:   angiotensin receptor blockers 

BP:  blood pressure 

CI:   confidence interval 

CKD:  chronic kidney disease 

CMJAH: Charlotte Maxeke Johannesburg Academic Hospital 

DOACs:  direct oral anticoagulants 

CHA2DS2-VASc:     

Congestive heart failure/left ventricular ejection fraction <40%, hypertension, 

age >75 years, diabetes mellitis , stroke/transient ischemic 

attack/thromboemobolism history, vascular disease , age 65-75 years , female 

sex) 

HAS-BLED:  

Hypertension, abnormal renal/liver function, stroke, bleeding history or 

predisposition, labile international normalised ratio, elderly (age>65), 

drugs/alcohol concomitantly 

eGFR:   estimated glomerular filtration rate  

HR:   hazard ratio 

INR:   international normalised ratio 

IQR:  interquartile range 

LMICs:  low-and-middle-income countries 

LVEF:  left ventricular ejection fraction 

MI:   myocardial infarction 

NVAF:  non-valvular atrial fibrillation  

TIA:  transient ischaemic attack 

TTR:   time in therapeutic range  
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1.1 INTRODUCTION 

Atrial fibrillation (AF) is a growing epidemic affecting 1-2% of the population globally (1).  

A rising prevalence of AF, attributed to an increase in the burden of non-communicable 

diseases in an ageing society, has been observed in rural and urban sub-Saharan Africa (SSA) 

(2). In SSA, atrial fibrillation also occurs in a population almost a decade younger compared 

to economically developed countries due to the added burden of infectious diseases (3). 

Furthermore, limited access to healthcare facilities restricting the detection, management and 

follow-up of patients with AF has led to most patients presenting with established 

thromboembolic events or haemorrhagic complications (4). 

 

 

1.2 LITERATURE REVIEW /BACKGROUND 

Individuals with AF have a five-fold increased risk of cerebrovascular accidents or strokes 

(4). In 2010, strokes were the leading cause of mortality in females above the age of 60 years 

in South Africa (2). Also, AF-associated strokes tend to carry a higher risk of death and 

disability compared to other aetiologies, rendering anticoagulation as the cornerstone in the 

management of patients with AF (4). 

 

 Atrial fibrillation is the most common cardiac arrhythmia.  It occurs when disorganised and 

diffuse electrical activity in the atria disrupts or sometimes even replaces normal sinus 

rhythm (5). It has a predilection for the elderly, occurring in 8-10% of people above 80 years 

compared to only 1% in those less than 60 years old (6). Other important risk factors include 

cardiac diseases such as congestive cardiac failure and valvular heart disease (5). 

Arrhythmogenic remodeling underlies the basic pathophysiology of atrial fibrillation which 

can occur as a result of electrical, structural or neural remodeling from a plethora of causes 

(7). The principles of Virchow’s triad, namely stasis, endothelial disruption and coagulation, 

further potentiate the most critical sequelae of AF, thromboembolism (8). Thrombi formed in 

the left atrial appendage in particular, are an essential determinant in cerebrovascular 

accidents related to AF (7, 8). 

 

There are two broad categories of anticoagulants: those targeted at platelet predominant 

thrombi formed in arteries and those aimed at thrombi in a stasis prone left atrium or venous 

system (7). A thrombus formed in a vein is made up of an intricate network of fibrin that 

enclose platelets to form a clot.  Thus, some drugs are designed to target specific regions on 
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thrombi for anticoagulation: unfractionated heparin, low molecular weight heparin, vitamin K 

antagonists and novel oral anticoagulants (9). Vitamin K antagonists (VKA), such as warfarin 

have proven to be effective anticoagulants in reducing the risk of thromboembolic events and 

all-cause mortality associated with AF.  Most notably, there is a 64% reduction in strokes and 

a 24% reduction in all-cause mortality with optimal warfarin use (10).  Thus, in most parts of 

SSA, warfarin is the mainstay for therapy in patients with AF that qualify for anticoagulation 

based on the CHA2DS2-VASc score (11).  Although warfarin is affordable, some of the 

disadvantages of using warfarin include multiple drug and food interactions as well as the 

requirement for constant monitoring of the international normalised ratios (INR).  The 

monitoring process is a challenge, particularly in resource-limited settings (12). 

 

Worldwide, the advent of Novel Oral Anticoagulants (NOACs) has resulted in the paradigm 

shift for the management of patients with AF, specifically in non-valvular atrial fibrillation 

(NVAF) (13).  Despite findings from various trials such as the Apixaban for Reduction in 

Stroke and Other Thromboembolic Events (ARISTOTLE) trial confirming the superiority of 

apixaban over warfarin in preventing strokes and reducing all-cause mortality, the cost of 

NOACs is still a barrier to access in SSA (2, 14).  Furthermore, a study done in the South 

African private-health sector showed that the relatively high cost of a NOAC, dabigatran, 

compared to warfarin is offset by the increased cost related to INR monitoring, transport 

costs for patients and in-hospital management of warfarin related complications (15).  

Effective anticoagulation control using warfarin is assessed by the time in the therapeutic 

range (TTR).  The TTR is a quality measuring tool that uses the Rosendaal method to 

estimate the time a patient's INR is within the desired therapeutic range over a specified 

period.  Intuitively, the higher the TTR, the better the patient outcomes (4, 16). The National 

Institute for Health and Care Excellence recommends that NOACs should be considered in 

patients who fail to maintain a TTR > 65% (17). This TTR target has proven to be 

challenging even in well-resourced countries; hence many health centres in these regions use 

NOACs for their patients with NVAF (14).  

 

Despite the paucity of current literature available evaluating the anticoagulation in Africa; 

there are some international and local studies that have alluded that anticoagulation control 

using warfarin in Africa is poor.  The Randomised Evaluation of Long-Term anticoagulation 

therapy (RE-Ly) study registry reported Africa to have the lowest TTR compared to Europe 

and North America (18).  Furthermore, a randomised prospective trial comparing warfarin 



 29 

therapy with clopidogrel plus aspirin (ACTIVE W) found that patients from South Africa 

randomised to warfarin therapy had the lowest TTR, a finding attributed to poor healthcare 

access (13, 19).  

 

Locally,  in 2018, the TTR in outpatients requiring INR monitoring services in Uganda and 

South Africa revealed that irrespective of regular INR monitoring (at least once monthly), the 

mean TTR was 41% (20).  In Cape Town, South Africa, anticoagulation control was 

evaluated in an outpatient INR department, which found that the TTR in patients on warfarin 

was also low at only 44% (21). The drawback of the currently available research data done in 

Africa is that all patients on warfarin were evaluated- irrespective of the indication for 

warfarin use.  As a result, the TTR in patients with NVAF was not sufficiently represented.  

In addition, the predictors of poor control in South Africa were not completely identified. 

 

1.3 PROBLEM STATEMENT  

In December 2019, the United States of America (USA) Food and Drug Administration 

(FDA) approved the development of the generic version of Apixaban.  The generic version 

promises increased access to this drug at a lower cost (22).  Thus there is a need to start 

reconsidering the effectiveness of current anticoagulation protocols using warfarin and the 

potential role of NOACS for NVAF patients in SSA.  To our knowledge there is no published 

data assessing the anticoagulation control in patients with non-valvular atrial fibrillation in 

South Africa .  We hypothesise that the TTR for patients with NVAF on warfarin in the 

South African public sector is well below the recommended minimum of 65%. 

 

1.4 STUDY AIMS AND OBJECTIVES 

 

1.4.1Aim  

The aim of the study is to assess oral anticoagulation control among patients with non-

valvular atrial fibrillation on warfarin by calculating the time in therapeutic range (TTR) 

 

1.4.2 Objectives  

The primary objective of the study is to describe the demographics and clinical characteristics 

of patients with atrial fibrillation (valvular and non-valvular AF). 
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The secondary objective is to estimate the prevalence rate of thromboembolic events 

(cerebrovascular accidents, transient ischaemic attacks (TIA), pulmonary embolism, deep 

vein thrombosis) and all-cause mortality in patients with atrial fibrillation.  

 

1.5 RESEARCH METHODOLOGY  

 

1.5.1 Study design and study population 

This retrospective study will be conducted in the Division of Cardiology at the Charlotte 

Maxeke Johannesburg Academic Hospital (CMJAH).  An estimated 90 to100 patients, 

demarcated with the International classification 10th revision (ICD 10) code for atrial 

fibrillation, are admitted in this department annually.  Therefore, we aim to retrieve data from 

the last five years (2015-2019) in order to achieve a minimum of 200 patient records to be 

evaluated for our study.  Consecutive patient records will be selected from the database. 

 

1.5.2 Inclusion criteria 

All adult patients who are 18 years of age and older diagnosed with atrial fibrillation. 

Patients on oral dosages of warfarin for at least six months. 

Patients with a minimum of three INR results. 

 

1.5.3 Exclusion criteria 

Clinical presence of malignancy 

Indications for warfarin other than atrial fibrillation 

 

1.5.4 Data collection 

The data collection sheet is shown in Appendix A. Data will be collected from the Electronic 

Health Record (EHR) system that captures data of all patients admitted in the cardiology 

wards at the CMJAH.  Patients with a primary diagnosis of atrial fibrillation (ICD: I48) will 

be retrieved from the database.  Clinical and demographic information, including documented 

comorbidities for the first admission, will be obtained from the EHR and used as baseline 

data.  After discharge from the hospital, a minimum of three INR results will be retrieved 

from the outpatient medical records.  Using the Rosendaal method, we will calculate the 

percentage of time spent in the therapeutic range for patients with non-valvular atrial 

fibrillation.  (5) Calculations will be performed in a dedicated Microsoft excel sheet template 

freely available that is freely available (Appendix B).(23)   
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In the calculation, we will presume a linear relationship between INR values, therefore 

allowing standardisation when calculating the TTR.  A TTR level ≥70% will be considered to 

represent good control, a TTR between 50-70% intermediate control and a TTR < 50% poor 

control.  Study data collected will be captured and stored in the Research Electronic Data 

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

be password protected and only the principal investigator and the supervisors will have 

access to the data collected.  The date of birth as well as the hospital number will be used for 

verification of biochemical results as well as for removing duplicate entries while cleaning 

the data.  Once the data has been exported for the statistical analysis, both the date of birth 

and the hospital numbers will be removed. 

 

1.5.5 Data analysis 

Statistical analysis will be performed using STATA version 14.  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.  Analysis of variance (ANOVA) will be used to test for intergroup 

(TTR<70% and a TTR≥70%) differences with the Chi-square test being used to test for 

intergroup proportion differences.  Univariable and multivariable logistic regression analysis 

will be used to determine the predictors of a TTR <70%.  A  p-value of less than 0.05 will be 

considered representative of statistical significance. 

 

1.6 ETHICAL CONSIDERATIONS  

Upon protocol approval, an application for ethics clearance will be submitted to the 

University of the Witwatersrand Human Research Ethics Committee (Medical).  Permission 

letters from the Head of the Division of Cardiology as well as from relevant hospital 

authorities at the CMJAH will be obtained before collecting data.  Individual patient consent 

will not be required, as the study will be a retrospective record analysis. 
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1.7 PROJECT OUTLINE  

1.7.1 Time Frame  

 

 

 

1.7.2 Funding 

This study is funded by Pfizer. 

 

1.7.3 Potential limitations/problems  

Incomplete patient records and unavailability of biochemical results may result in problems 

during the data collection process. 
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Rosendaal method Example Excel spreadsheet 
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