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Comparative evaluation of warfarin utilisation in two 
primary healthcare clinics in the Cape Town area
XOLANi W NJOVANE, PiuS S FASiNu, BERND ROSENKRANZ

abstract
Background: Although warfarin remains the anticoagulant 
drug of choice in a wide range of patients, its narrow thera-
peutic window makes patients susceptible to a high risk of 
bleeding complications or failure to prevent clotting. This 
has necessitated therapeutic monitoring in warfarinised 
patients. Factors that could be responsible for the fluctuat-
ing responses to warfarin vary from pharmacogenetic to 
concomitant morbidity, diet and medication. In order to 
assess the quality of management of warfarin treatment in 
a local primary-care setting, the current study evaluated 
warfarin utilisation and monitoring records in two hospitals 
with different patient groups. 
Methods: A retrospective study was undertaken in the special-
ised warfarin clinics at Wesfleur and Gugulethu hospitals 
(Western Cape, South Africa) covering all warfarin-related 
therapy records over a 12-month period. Data extracted 
from the patients’ folders included age, gender, race, weight, 
address, concurrent chronic illnesses, treatment and medica-
tion, indication for warfarin and INR history. 
Results: A total of 119 patients’ folders were analysed. 
Attendance at the clinics reflects the demographics and 
racial distribution of the host location of the hospitals. 
While all the patients were maintained above the minimum 
international normalised ratio (INR) value of 2, about 50% 
had at least one record of INR above the cut-off value of 3.5. 
However, over a third of the patients (32.2%) had at least 
one record of INR greater than 3.5 in Gugulethu Hospital, 
compared to over half (58.3%) in Wesfleur Hospital. 

In total, atrial fibrillation was the most common indica-
tion for warfarinisation while hypertension was the most 
common concurrent chronic condition in warfarinised 
patients. All patients who received quinolone antibiotics had 
INR values above the cut-off point of 3.5 within the same 
month of the initiation of antibiotic therapy, suggesting 
drug-induced warfarin potentiation. Other co-medications, 
including beta-lactam antibiotics, non-steroidal anti-inflam-
matory drugs (NSAIDs) and anti-ulcer drugs appeared 
to alter warfarin responses as measured by recorded INR 
values. 
Conclusion: The study found inter-individual variability in 
the response to warfarin therapy, which cut across racial 
classifications. It also confirms the possible influence of 
concomitant morbidity on patient response to anticoagulant 
therapy.
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Warfarin is a racemic mixture of two optically active (R and 
S) isomers in roughly equal proportions, which is employed 
for the prevention and treatment of thrombosis signalled by 
atrial fibrillation, venous thromboembolism and prosthetic heart 
valves. Warfarin inhibits vitamin K epoxide reductase complex 
1 (VKORC1), preventing the intrahepatic recycling of vitamin 
K epoxide to vitamin K, thus effectively supressing the vitamin 
K-dependent activation of clotting factors.1-4 

In addition, warfarin interferes with the function of two 
important physiological anticoagulant proteins, C and S. 
S-warfarin has about five times the potency of the R-isomer 
with regard to vitamin K antagonism.5,6 Rapidly absorbed 
following oral absorption, S-warfarin undergoes CYP2C9-
mediated metabolism to form 7-hydroxywarfarin, while the 
metabolism of the R-isomer is catalysed by CYP1A2 to 6- and 
8-hydroxywarfarin, by CYP3A4 to 10-hydroxywarfarin, and by 
carbonyl reductases to distereo-isomeric alcohols.7-9 

Warfarin has a narrow therapeutic window and to achieve 
treatment goals with the lowest risk of treatment failure or 
bleeding complications, therapeutic anticoagulation, as measured 
by the international normalised ratio (INR), must be achieved 
and sustained in patients. The dose response for warfarin is 
unpredictable in individual patients. It is therefore recommended 
that the INR is monitored daily during the initiation phase, on 
alternate days for a week after achieving the desired target, 
and once stabilised, once a month.10-12 The importance of 
therapeutic monitoring of warfarin is further emphasised by the 
fact that warfarin therapy is contraindicated in cases when INR 
monitoring is not feasible.13 

Recommended therapeutic ranges of INR are 2.0–3.0 for most 
disease indications, and 2.0–3.5 with cardiac valve prostheses.14 
Values outside this range may pose safety concerns. Various 
factors responsible for fluctuating INR in warfarin therapy 
include poor compliance, dosage error, concurrent illness, liver 
and kidney dysfunction, concomitant use of other drugs, dietary 
interaction, laboratory error, and ageing.15,16

Inter-individual responses to warfarin may vary due to genetic 
factors.17,18 The effects of concomitantly administered drugs 
on the pharmacokinetics of warfarin have been extensively 
investigated.19-21 The pharmacodynamic activity of warfarin 
is strongly related to the fractions of free (unbound) drug. 
Therefore drugs that alter the plasma protein binding of warfarin, 
including valproic acid and non-steroidal anti-inflammatory 
drugs (NSAIDs), can potentiate the anticoagulant effects of 
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warfarin.22 In addition, drugs such as NSAIDs that possess 
antiplatelet activity can produce additive anticoagulant effects on 
concurrent administration with warfarin.23 

Broad-spectrum antibacterial agents, through their effects 
on the vitamin K-producing gut flora, increase the effect 
of warfarin.24 Competitive substrates, inducers and inhibitors 
of CYP2C9 and CYP3A4 can alter warfarin plasma levels, 
with consequent alterations in INR.25 Therefore studies on 
utilisation and responses of warfarin in different patient groups 
are important to assess the causes of differences in its clinical 
response in a specific environment.

In South Africa, primary healthcare anticoagulation clinics 
play an essential role in warfarin therapy. These clinics are 
responsible for the education, optimisation and maintenance 
of anticoagulant therapy in referred patients. The initiation 
of anticoagulation is usually performed by the referring 
doctor following appropriate diagnosis and indications. The 
anticoagulant clinics are responsible for ensuring there are no 
contraindications to warfarin therapy (especially the presence of 
severe bleeding, first and third trimester pregnancy, and severe 
hepatic disorders) and ascertaining compliance to therapy.

The aim of the present study was therefore to evaluate 
warfarin utilisation in two primary-care anticoagulation clinics 
in Cape Town, Western Cape, South Africa. The study aimed at 
retrospective assessment of INR monitoring with consideration 
of possible influences of co-medication on therapy. 

Methods
A retrospective study was undertaken of all warfarin-related 
prescriptions in the warfarin clinics of Wesfleur and Gugulethu 
hospitals, covering a 12-month period between June 2008 and 
May 2009. Wesfleur Hospital is located in Atlantis, an area 
under the West Coast district municipality with a population 
of about 140 000 people, the majority being Coloured [the 
race classification was based on the national census categories, 
and described as black (Africans), Coloured, Indian and 
white]. It is a level-two facility which sees an average of  
13 000 patients monthly. It runs a warfarin clinic every Friday, 
managed by a doctor and supported by specialist physicians at 
New Somerset Hospital, Cape Town, for referrals. 

Gugulethu Hospital is situated in the highly populated 
Gugulethu Township in the City of Cape Town municipality, and 
is inhabited primarily by blacks. The hospital takes care of about 
6 800 patients per month. The warfarin clinic is mostly managed 
by a nursing sister or staff nurse, who contacts a doctor if the 
patient’s INR results are abnormal. 

Data extracted from the patient folders included age, 
gender, race, weight, address, concurrent chronic illnesses and 
medication, INR history (monthly INR levels measured in 
the 12-month period of the study) and indication for warfarin 
therapy. For the purpose of this study, a cut-off INR level of 3.5 
was chosen. Patients above this limit have an increased risk of 
toxicity, as discussed above. Patients were assigned to the INR > 
3.5 group if they had one or more INR levels above 3.5 during 
the course of the study. 

Medications taken concurrently were pre-classified as 
potentially relevant or non-relevant for drug–drug interactions 
with warfarin using the South African Medicines Formulary 
(SAMF). A list of drugs taken concurrently that could result in 

drug–drug interactions was compiled. 
Ethics approval for the project was obtained from the Health 

Research Ethics Committee of the University of Stellenbosch, 
and Wesfleur and Gugulethu Hospital managements approved 
this project.

MS Excel was used to capture the data and STATISTICA 
version 8 (data analysis software system, www.statsoft.com) 
(StatSoft Inc, 2008) was used for data analysis. Summary 
statistics was used to describe the variables. The Chi-square test 
was used for statistical comparison between groups. A p-value 
< 0.05 represented statistical significance in hypothesis testing.

results 
A total of 111 patient folders were retrieved and qualified 
for this study after the exclusion of eight (four from each 
hospital) due to incomplete data. The demographic variables 
are summarised in Table 1. The Wesfleur Hospital had more 
patients (76) on anticoagulant therapy than Gugulethu (35). The 
racial distribution of the patients reflected the demography of 
the inhabitants in the hospital locations; 88.1% of the patients 
in Wesfleur were Coloured while all patients from Gugulethu 
were black. 

There was a significant variation in INR records in both 
hospitals. While none of the patient records showed an INR 
less than 2, over a third of the patients (32.2%) had at least one 
record of INR greater than 3.5 in Gugulethu Hospital, compared 

TABLE 1. DEMOGRAPHIC AND INR VALUES FOR PATIENTS 
FROM WESFLEUR AND GUGULETHU HOSPITALS

Wesfleur  
(n = 76)

Gugulethu  
(n = 35)

Gender

Male 37.5 19.4

Female 62.5 80.6

Race 

Black 5.3 100

White 5.3 0

Coloured 88.1 0

Unspecified race 1.3 0

Co-morbidities

Diabetes 13 23

Hypertension 61 58

Arthritis 16 14

Chronic obstructive airway disease 11 6

Peptic ulcers 8 3

INR values

INR > 3.5 58.3 32.2

Gender vs INR

Male: INR > 3.5 51.9 (n = 27) 50 (n = 6)

Female: INR > 3.5 62.2 (n = 45) 28 (n = 25)

Age vs INR

Patients > 40 years 86.1 58.1

Patients > 40 years: INR > 3.5 59.7 (n = 62) 33 (n = 18)

Patients < 40 years: INR > 3.5 40 (n = 10) 23 (n = 13)

Weight vs INR

Patients > 70 kg 33.7 82.4

Patients > 70 kg: INR > 3.5 72 (n = 32) 35.7 (n = 14)

Patients < 70 kg: INR > 3.5 55 (n = 31) 33.3 (n = 3)
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to 58.3% for Wesfleur Hospital. INR values above 3.5 generally 
signify high risks of bleeding. The fact that these high records 
were present despite monthly monitoring further underscores the 
importance of monitoring of warfarin therapy. It is an indication 
that without the hospital facility for monitoring, bleeding 
complications would have arisen in many of the patients.

More female patients (68%) were enrolled in the clinics 
than males. Considering gender and INR values, female 
patients’ responses to warfarin in Wesfleur Hospital suggested 
sensitivity, with 61% of them recording at least one INR 
above 3.5, compared with 23% in Gugulethu Hospital. While 
gender-based conclusions cannot be made based merely on this 
observation, several other unreported factors could account for 
the higher sensitivity in the female patients. This may include 
concomitant use of birth-control pills and differences in the 
use of complementary medicines or diets. Differences in body 
protein-to-fat ratio may also influence the effective plasma 
warfarin concentration in men and women, with the resultant 
differences in sensitivity. 

discussion 
There appeared to be differences in INR values along age and 
racial classification. About 64% of Coloured patients above 
the age of 40 years had INRs above 3.5 in Wesfleur Hospital, 
whereas in Gugulethu, only 33% of black patients in same age 
group had a record of at least one INR above 3.5. Although, 
no study has reported ethnic/genotype variations in warfarin 
response between Coloured and black people in South Africa, the 
body of evidence supporting genetic factors as a key influence 
on the response to warfarin therapy is increasing. 

Scott and co-workers26 investigated the genetic influence on 
the inter-individual warfarin dose variability among various 
racial groups. The results revealed significant variation in the 
genetic expression of CYP2C9, VKORC1 and CYP4F2 in 
different ethnic groups. The study identified this variation as 
a major reason why current genotype-guided warfarin dosing 
algorithms in America may not yield similar results in all 
ethnic groups. In another study, age, body size and CYP2C9 
genotype were found to be crucial determinants of warfarin dose 
requirements in different racial and ethnic groups.27 

Earlier findings have shown evidence of the influence of 
several genes on the response to warfarin therapy, particularly the 
polymorphisms in CYP2C9 and VKORC1.28 These studies have 
consistently revealed that such genetic influence is less common 
in African–Americans compared to European–Americans and 
Asians.29 The recent report of a new genetic variant in VKORC1 
among African–American populations, supported by various 
other warfarin pharmacogenetic studies, suggests a different 
warfarin maintenance dosing requirement based on genetic 

composition.30-33 
Seventy-two per cent of patients with a body weight above 70 

kg and 55% below 70 kg in Wesfleur Hospital had an INR above 
3.5. In Gugulethu Hospital, 35.7% of those who weighed more 
than 70 kg and 33.3% of those who weighed less than 70 kg had 
records of an INR above 3.5. This underscores the absence of 
weight as a factor in the fluctuation of INR values. 

High body weight is an important risk factor of the indications 
for warfarin therapy in patients with cardiovascular disorders. 
The pharmacokinetic disposition and activity of warfarin may be 
influenced by body weight. The effects of weight may therefore 
be a necessary consideration in the attainment of a stable INR in 
warfarinised patients.

When the concurrent chronic diseases of patients attending 
the warfarin clinics were evaluated, hypertension was the most 
common disease in both hospitals (57.9% in Wesfleur and 51.4% 
in Gugulethu Hospital). Hypertension is a chronic lifestyle-
related disease with body weight and genetic factors as main 
risk factors. The maintenance of INR values within an acceptable 
therapeutic range will be particularly taxing in patients with 
hypertension and other cardiovascular disorders. In addition to 
the effects of the cardiovascular medications, fluctuations in 
cardiac function, such as cardiac output and peripheral vascular 
resistance may play a significant role in the body distribution of 
and sensitivity to warfarin. 

Hypertension may therefore play a significant role in the 
warfarin response in these patients. Long-standing hypertension 
is associated with complications such as atrial fibrillation. 
This is reflected in the data, as atrial fibrillation was the most 
common clinical indication for the initiation of warfarin therapy 
at Wesfleur Hospital (47%), and the second most common 
indication (39%) in Gugulethu Hospital (Table 2). 

Concurrent medications that were commonly prescribed 
for patients on warfarin therapy were antibiotics, especially 
fluoroquinolones, beta-lactams and metronidazole; non-steroidal 
anti-inflammatory drugs; paracetamol; and anti-ulcer drugs 
(Table 3). Quinolones were prescribed at only Wesfleur Hospital, 
and an elevated INR above the cut-off value of 3.5 was recorded 
in all the patients concerned in the month that these drugs were 
taken concurrently. 

A similar occurrence was observed with beta-lactams in both 
hospitals; 71.4% of patients treated with these antibiotics had 
INR values above 3.5. The effects of broad-spectrum antibiotics 
on the vitamin K-producing gastrointestinal microflora can 
potentiate the anticoagulant effects of warfarin. This may 
explain the observation of elevated INR in warfarinised patients 
on concomitant antibiotic therapy. In addition, quinolones are 

TABLE 2. INDICATIONS FOR WARFARIN THERAPY FOR 
PATIENTS FROM WESFLEUR AND GUGULETHU HOSPITALS 

(SOME PATIENTS HAD MULTIPLE INDICATIONS)

Indication Wesfleur (%) Gugulethu (%)

Myocardial infarction 0.3 0

Valve replacement 31 39

Mixed valve disease 35 42

Atrial fibrillation 47 39

Thrombosis/embolism 24 6

TABLE 3. COMPARISON OF DATA FOR CONCURRENT 
MEDICATION PRESCRIBED VS INR IN PATIENTS AT FOR 

PATIENTS FROM WESFLEUR AND GUGULETHU HOSPITALS

Wesfleur Gugulethu

Medications INR > 3.5 INR < 3.5 INR > 3.5 INR < 3.5

Quinolones 7 0 0 0

Beta-lactams 9 3 1 1

Metronidazole 3 1 1 1

NSAIDs 1 1 1 0

Paracetamol 6 8 3 0

Anti-ulcer drugs 3 3 0 1



CARDIOVASCULAR JOURNAL OF AFRICA • Vol 24, No 2, March 201322 AFRICA

substrates and inhibitors of various CYP isoforms including 
CYP3A4.34 Pharmacokinetic interaction at the metabolic level 
with these antibiotics can inhibit warfarin metabolism, leading 
to increased INR, as observed in this study. 

Various other studies have reported an interaction between 
warfarin and the quinolones, metronidazole and other 
antibacterial drugs, leading to bleeding complications. Therefore 
it is reasonable to infer that drug–drug interactions could have 
been responsible for the observed increase in INR in the month 
of concurrent administration with warfarin.

The observations presented in this study reflect the complexity 
of the many factors to be considered in warfarin therapy. A 
comprehensive overview of such considerations by McMillin and 
co-workers35 concluded that pharmacogenetic testing is important 
in personalised warfarin therapy. While new anticoagulant drugs 
are entering the drug market and clinical practice, warfarin will 
continue to be the reference oral anticoagulant. 

This is more so in Africa, where cost and accessibility are 
important considerations. Therefore, studies that will add to 
current knowledge and improve warfarin therapy among African 
populations will benefit clinicians, patients, researchers and 
policy makers in the health sector.

Conclusions
This study confirmed the variability in patient response to 
warfarin therapy, with race, gender, weight, and concurrent 
morbidity and medications as some of the important factors. 
Over a third of the patients had at least one record of an INR 
above 3.5 in Gugulethu Hospital, compared to over half in 
Wesfleur Hospital. Differences in the control of INR values were 
observed with race, weight and age. 

Warfarin remains the oral anticoagulant of choice in South 
Africa. Its use should be closely monitored. Health practitioners 
must be aware of the various factors responsible for variations 
in inter-individual responses to warfarin therapy. INR values 
should be monitored frequently and closely in high-risk patients, 
including those on co-medications and with cardiovascular 
co-morbidities. 
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… continued from page 4

Ibadan. In 1987 he was promoted to professor of Cardiothoracic 
Surgery and then became head of the Department of Surgery, and 
dean of the Faculty of Clinical Sciences and Dentistry. He was 
appointed chairman of the Medical Advisory Committee and 
director of Clinical Services of the University College Hospital. 
It will be recalled that as part of his passion for promoting 
excellence, he initiated the delivery of the faculty lecture, which 
has persisted till now. 

Undaunted by the fact that the facilities available in the 
country for the most part only permitted palliative intervention 
for many of the conditions he had spent the better part of his 
life training to manage through definitive intervention, it was 
noteworthy that he returned to the country’s fledging healthcare 
delivery services. He resisted the lure to ‘check out’ and leave for 
greener pastures in the lean years of our economy. 

No wonder he had such a passion for training a critical crop 
of indigenous cardiothoracic surgeons who will provide the 
much-needed services to the country. It is to his credit that he 
was instrumental and to a large measure the driving force for 
the establishment of a training curriculum for cardiothoracic 
surgery in both the West African College of Surgeons and the 
Faculty of Surgery of the National Postgraduate Medical College 
of Nigeria.

Locally, against many odds, he would unfailingly be in the 
operating room, ‘knife to skin’ at 7.30 am. He was part of the 
team of cardiothoracic surgeons that pioneered open-heart 
surgery in Ibadan. Others included Profs Grillo, Adebonojo 
and Osinowo. They spent out-of-pocket funds in organising and 
training perfusionists and operating room and intensive care 
nurses, using canine models in collaboration with the veterinary 
faculty, for performing cardiopulmonary bypass procedures. 
Between 1979 and 1980 the team went on to perform five 
cardiopulmonary bypass interventions, four of which were 
successful. 

Other surgeons who had been on the scene earlier included 
Profs John Weaver, Fabian Udekwu and Michael Bankole. Others 
who participated included Prof Olufemi Jaiyesimi (paediatric 
cardiologist), Prof Ayodele Falase (adult cardiologist), Prof 
Olufunsho Akinyemi (anaesthetist) and Prof Taiwo Kolawole 
(radiologist). The government of the day unfortunately did not 
accord this priority attention and it was not possible to sustain 
this noble venture. Prof Adebo worked with the renowned French 
cardiac surgeon in Paris, Prof Carpentier in making mitral 
valve repair a viable option to replacement in the management 
of patients with mitral valve disease, especially from chronic 

rheumatic heart disease. 
Prof Adebo retired from the University of Ibadan in September 

2009 after several years of meritorious service but such was the 
demand for him that the newly established Bowen University 
went all out to get him as provost of their College of Health 
Sciences in Iwo as well as chief medical director of their teaching 
hospital in Ogbomosho. It is to his credit that the University 
secured the necessary Nigerian University commission as well 
as the Medical and Dental Council of Nigeria accreditations for 
its MB BS programme.

In the ‘external cardiovascular healthcare arena’ Prof Adebo 
was one of the delegates from 24 African countries in attendance 
at the conference in Badagry, Lagos, Nigeria in 1981 when the 
Pan-African Society of Cardiology (PASCAR) was born. He 
was therefore a foundation member of PASCAR. Along with 
Prof Ayodele Falase, Femi Jaiyesimi, Asuquo Antia, Adebonojo, 
Peter Odiambo and Quarte, to mention but a few, he worked 
assiduously within the organisation from its infancy to ensure 
that it took firm roots in as many African countries as possible. 
This organisation was formed in response to the near total lack 
of interest in cardiovascular disorders by many health authorities 
on the continent. The aims and objectives set out in 1981 were to: 
•	 promote activities relating to the prevention and treatment of 

cardiovascular disease 
•	 promote the education and training of cardiovascular disease 

personnel 
•	 pursue health education programmes relevant to the field of 

cardiology 
•	 encourage cardiovascular research by the formation of an 

African Heart Foundation, which will ultimately fund and 
coordinate relevant research activities on the continent. These 
were very much in line with his aspirations and passion for 
cardiovascular healthcare development on the continent.

When PASCAR suffered some setbacks and was in need of 
reviving, again he was part of the team that gathered in Accra, 
Ghana in 2004 to put the organisation back on track. Sometimes 
self-effacing, he was unlike most surgeons I know, very humble 
despite his well-known reputation as a meticulously careful 
and successful surgeon. He was elected Vice President West of 
PASCAR that year and in 2009 elected president, a position he 
held until he departed this world on 22 September 2012. 

In the conduct of the affairs of PASCAR, his principled and 
fair approach was well known to all. His wisdom and wealth of 
experience was often brought to bear in difficult circumstances. 
He was very down to earth in his approach to practical issues  

continued on page 27…
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