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Cardiovascular Topics

Factors associated with sub-optimal control of anti-
coagulation in patients with prosthetic heart valves 
taking oral anticoagulants in a sub-Saharan African 
setting
Tigist Chalachew, Dejuma Yadeta, Endale Tefera

Abstract
Background: Replacement of diseased valves reduces the 
morbidity and mortality rate associated with native valvular 
disease but comes at the expense of risking complications 
related to the implanted prosthetic device. Establishing the 
desired anticoagulation level in a sub-Saharan African setting 
may be a challenge. 
Objectives: This study was conducted to determine the chal-
lenges of maintaining a desired level of anticoagulation and 
factors associated with sub-optimal anticoagulation in patients 
with prosthetic heart valves on chronic anticoagulation.
Methods: We reviewed 73 patients who had undergone pros-
thetic valve replacement for chronic rheumatic valvular heart 
disease and were taking warfarin. The follow up ranged from 
one to 13 years. We studied international normalised ratio 
(INR) profiles of the patients for the six months preceding 
the study and defined optimal control as an INR of 2.5–3.5. 
We aimed to determine if  there were factors associated with 
sub-optimal control of INR.
Results: Forty-two patients (57.5%) were female. Mean age 
of the participants was 21.5 ± 3.1 years (range 14–25 years). 
Warfarin was the anticoagulant in 55 (75.3%) of the patients 
and 18 (24.7%) were on combined warfarin and aspirin anti-
coagulation. Thirty-five (47.9%) patients had optimal control 
of their INR. Educational level of primary school or less, 
distance from follow-up medical facility of more than 300 km, 
quarterly or less-frequent check-up visit, and public health 
institution as a source of free warfarin supply were found to 
be significantly associated with sub-optimal control of INR.

Conclusion: Educational level, distance from follow-up facil-
ity, number of follow-up visits and source of warfarin supply 
were found to be significantly associated with sub-optimal 
control of INR.
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Among patients who undergo cardiac valve replacement, 
approximately 60% receive mechanical valves, and replacement 
of a diseased heart valve with a prosthetic valve exchanges the 
native disease for potential prosthesis-related complications.1,2 
Replacement of diseased valves reduces the morbidity and 
mortality rates associated with native valvular disease but comes 
at the expense of risking complications related to the implanted 
prosthetic device.3 These complications include primary valve 
failure, prosthetic valve endocarditis and thrombosis, thrombo-
embolism, haemorrhage and mechanical haemolytic anaemia.4-7 
The frequency of serious complications depends upon the valve 
type and position and other clinical risk factors.8 Thrombo-
embolic and anticoagulation-related problems are by far the 
most frequent complications of mechanical valves.1,2,8 

Chronic rheumatic heart disease is still prevalent and is a 
major public health problem in sub-Saharan Africa. In recent 
years, there has been a glimmer of hope for many patients to 
get surgical intervention in their local environment through 
locally established facilities,9 overseas charity referrals or visiting 
surgical missions. However, determining the optimal strategy to 
treat such sub-Saharan African patients is a challenge. 

Colleagues from Cameroun recently reported their experience 
with 233 patients who had undergone mechanical valve 
replacement.9 Although the surgical results and mid-term event-
free survival was good in their report, that may not be the 
case in other parts of sub-Saharan Africa, primarily due to 
issues related to anticoagulation. Tissue valves and valve repair 
strategies tend to be short lived because of the recurrence of 
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rheumatic fever, as many of these patients fail to comply with 
penicillin prophylaxis when their cardiac symptoms improve as a 
result of surgical intervention. 

For those who get mechanical valves, the problem starts with 
regular availability of warfarin itself.10 Once they are on warfarin, 
compliance, regular follow up and regular monitoring of their 
coagulation profile has been a challenge because of lack of 
facilities in almost all public institutions, and limited access to 
well-equipped medical facilities. This study aimed at determining 
factors associated with sub-optimal control of international 
normalised ratio (INR) in children and young adults who had 
received mechanical valve replacement for rheumatic valve 
disease in the last few years.

Methods
This was a cross-sectional study of patients with prosthetic 
heart valves who are on oral anticoagulation therapy. The study 
included patients younger than 25 years who were being followed 
up at the paediatric and adult cardiac clinics of Tikur Anbessa 
Hospital and the Children’s Heart Fund Cardiac Centre, which 
is also located within the premises of Tikur Anbessa Hospital, 
Ethiopia.

The study was conducted from December 2014 to September 
2015. The principal investigator collected data directly through 
interviewing patients and attendants and by reviewing medical 
records during this period. Socio-demographic data, including 
age, gender, patient’s educational level, parental educational level, 
parental occupation, income, residence, and distance from follow-
up health facility were collected on a pre-tested questionnaire.

Clinical data, including current cardiac symptoms, bleeding 
episodes, strokes, frequency of  follow-up visits, frequency 
of INR determination, source of anticoagulant supply and 
compliance were collected. For those who missed doses of 
anticoagulants in the six months preceding the study, possible 
reasons were inquired. 

Patient records were retrieved and reviewed for age at the 
time of surgery, pre-operative New York Heart Association 
(NYHA) functional class, indication for valve replacement, 
prosthetic valve position, type of prosthetic valve implanted, 
compliance with recommended follow-up visit, INR checks, 
major bleeding or thrombo-embolic events, and any post-surgical 
hospital admissions. Where there were discrepancies between 
patient reports and what had been documented in the medical 
records, we used the information documented in the records. 
Definition of adherence to follow-up visit, anticoagulant use 
and INR determination in this study was based on the doctor’s 
recommendation for each individual patient. The institutional 
review committee approved the study.

INR determinations during the six-month period ranged 
from one in the case of some of the patients to multiple values 
in others. In those with multiple INR recordings, we determined 
to which side the majority of the readings pointed. There were 
few patients with mixed optimal and sub-optimal readings in 
this study. 

Our definition of optimal anticoagulation range (2.5–3.5) is 
in the strict category. We chose the narrower range due to the 
realities of our setting where frequent follow up, determination 
of INR and adjustment of extreme boundaries of control is 
difficult. Although INR values of 2.5–4.9 are considered to 

be optimal by some,2 the upper range of this value may have 
predisposed our patients to bleeding due to lack of frequent 
determination of their INR and subsequent dose readjustments. 
The risk of bleeding increases once INR increases above 4.5.11 
Therefore, using a point close to this value would probably 
have endangered our patients’ lives. We did not adjust for valve 
position, namely mitral or aortic.

Statistical analysis
Data were entered into SPSS version 20 for Windows and 
analysed. Demographic data were analysed using descriptive 
statistics. Continuous variables are displayed as mean ± standard 
deviation (SD). Statistical significance was set at p < 0.05. The 
chi-squared test and binary logistic regression methods were 
used to test for association of factors to sub-optimal control of 
anticoagulation.

Results
A total of 73 patients were included in the study and 42 (57.5%) 
were female. Mean age of the participants was 21.5 ± 3.1 years 
(range 14–25 years) and mean follow-up period was 5.6 ± 2.5 
years (range 1–13 years). Sixty-three of the patients (86.3%) were 
from urban areas while the rest were from semi-urban or rural 
areas. Of the 73 patients, 35 (47.9%) had optimal control of their 
INR. Table 1 shows the socio-demographic data and clinical 
characteristics of the patients at the time of valve-replacement 
surgery. With regard to educational status, 24 (32.9%) had 
primary school education, 29 (39.7%) had secondary education, 
19 (26.0%) had higher education and only one patient was 
illiterate.

Valve brands used included St Jude mechanical valves in 40 
(54.8%) patients, Edward’s mechanical valves in 12 (16.4%), 
and other variants in 21 (28.8%) patients. Warfarin was the 

Table 1. Baseline socio-demographic and clinical characteristics of 
patients with prosthetic heart valves on oral anticoagulation therapy

Characteristics Frequency Percentage

Gender

Female 42 57.5

Male 31 42.5

Age categories at surgery (years)

11–15 12 16.4

16–20 29 39.7

21–25 32 43.8

Residence

Urban 63 86.3

Semi-urban  9 12.3

Rural  1  1.4

NYHA functional class (before surgery)

I – –

II 12 16.4

III 29 39.7

IV 32 43.8

Indications for valve replacement (type of valve lesion)

Severe MR 16 21.9

Severe MS 13 17.8

Severe AR  4  5.5

Multi-valvular lesions 40 54.8

MR: mitral regurgitation; MS: mitral stenosis; AR: aortic regurgitation.
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anticoagulant in 55 (75.3%) of the patients and 18 (24.7%) were 
on combined warfarin and aspirin anticoagulation. 

Only 30 (41.1%) patients reported perfect adherence to their 
medication, while the rest reported that they had missed a few 
to several doses in the preceding six months. The most common 
reason for missed doses was forgetfulness, accounting for about 
22 (30.1%) of the cases, as reported by the patients themselves. 
The next most common one was shortage or unavailability of 
warfarin, accounting for 17 (23.3%) of the cases. Self-perceived 
side effects and other various reasons accounted for the rest. 

Forty-nine (67.1%) patients reported that they had scheduled 

monthly visits with clinicians, while seven (9.6%) reported 
that they visited less than once in three months. Thirty-three 
(45.2%) of the patients reported that they hardly complied with 
frequency of INR checks as prescribed by their doctors, and the 
major reason given was cost and availability of the test. Table 2 
shows responses and findings in patients with prosthetic heart 
valves on anticoagulant treatment. 

Educational level of primary school or less, more than 300 
km distance from follow-up medical facility, quarterly or less-
frequent check-up visits, and source of free warfarin supply 
being from a public institution were found to be significantly 
associated with sub-optimal control of INR (Table 3). Multiple 
other factors, including young age, parental level of education, 
combination of warfarin and aspirin, missed anticoagulant 
doses and lack of dietary counselling showed a tendency towards 
an association but did not reach statistically significant levels.

A total of seven patients had major bleeding or stroke in 
the course of their treatment and four of these patients died 
as a result (Table 4). One of the fatalities had two episodes of 
stroke, for which she was admitted. This patient died on the 
third admission as a result of intracranial bleeding (patient #7). 

Table 2. Socio-demographic and clinical characteristics of patients 
with prosthetic heart valves taking anticoagulants

Characteristics Frequency Percentage

Age at the time of study (years)

11–15 6  8.7

16–20 16 23.2

21–25 47 68.1

NYHA functional class (at the time of study)

I 61 88.4

II 7 10.1

III 1  1.5

IV – –

Prosthetic valve position

Mitral 49 67.1

Aortic  9 12.3

Mitral and aortic 14 19.2

Other 1  1.4

INR control

Optimal 35 47.9

Sub-optimal 38 52.1

Educational status of the patient

≤ Primary education 25 34.3

Secondary education 29 39.7

Higher education 19 26.0

Parental education (best)

≤ Primary education 34 46.6

Secondary education 13 17.8

Higher education 26 35.6

Distance from cardiology care clinic (km)

≤ 150 55 75.3

151–300 4  5.5

> 300 14 19.2

Anticoagulant

Warfarin alone 55 75.3

Warfarin + aspirin 18 24.7

Drug supply source

Private 19 26.0

Public for payment 36 49.3

Public for free 18 24.7

Frequency of INR determination

Every month 54 74.0

Every 2 months 4  5.5

Quarterly or longer 15 20.5

Laboratory facility for INR

Private 73 100

Public – –

Missed doses (approximate)

Never 30 41.1

1–2 doses per week 34 46.6

> 2 doses per week 9 12.3

Bleeding or thromboembolic complications 7  9.6

Table 3. Factors associated with sub-optimal control of INR  
in patients with prosthetic heart valves

Factors analysed for association
Optimal 
control

Sub-optimal 
control p-value

Age at surgery (years)

< 15  7 10 0.588

≥ 15 28 28

Gender

Female 21 21 0.813

Male 14 17

Educational status of the patients

≤ Primary education  6 19 0.003

≥ Secondary education 29 19

Parental/caretaker education (best)

≤ Primary education 14 20 0.350

≥ Secondary education 21 18

Distance from follow-up facility (km)

< 300 32 23 0.003

≥ 300  3 15

Clinic visit frequency

Once in a month 28 21 0.022

Once in a quarterly or less  7 17

Approximate monthly income ($US)

≤ 50 14 12 0.162

> 50 21 16

Medications

Warfarin alone 28 27 0.425

Warfarin + aspirin  7 11

Source of medication supply

Private or public for fee 30 25 0.047

Public for free 5 13

Medication adherence counselling  
(as per patient’s report)

Yes 32 33 0.712

No  3  5

Dietary counselling (as per patient’s report)

Yes 24 20 0.232

No 11 18

Anticoagulant doses missed (approximate)

None or < 1 dose per week 33 31 0.155

≥ 1 dose per week  2  7
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Overall, 16 of the patients had hospital admissions after valve 
replacement surgery and the reasons included prosthetic valve 
endocarditis in eight patients, stroke in five and miscellaneous 
reasons in the rest.

Discussion 
Our study showed that educational level of primary school or 
less, distance from follow-up medical facility of more than 300 
km, check-up visit once quarterly or less frequently, and free 
drug supply from public institutions were significantly associated 
with sub-optimal control of INR in this group of patients, 
suggesting the need for interventions directed towards tackling 
some of these factors. 

Review of the existing literature shows a lower level of 
knowledge consistently affects adherence to prescribed 
medicines.12 Multiple other factors including young age, level of 
parental education, combination of warfarin and aspirin, and 
missed anticoagulant doses also showed a tendency towards an 
association, although not statistically significant, probably due 
to the small sample size of our study. The number of major 
bleeding/thrombotic events and mortalities in our study is also 
unacceptably high considering the small number of patients we 
are reporting on (Table 4).

A lower level of literacy may have influenced the patients’ 
understanding of the nature of the clinical condition they 
are suffering from, the risks associated with sub-optimal 
anticoagulation, and the importance of adhering to medications 
and follow-up clinical visits, even when they do not have clinical 
symptoms. Longer travel to follow-up clinics and INR test 
facilities is even more important in sub-Saharan African settings 
where transportation facilities are not readily available or are too 
costly for most poor patients to afford, or travel is too difficult. It 
may be surprising that free drug supply from public facilities was 
associated with sub-optimal anticoagulation. However, the truth 
is that warfarin was rarely available in the public institutions, 
which means it was difficult for the patients to secure a regular 
and sustainable supply. 

Optimisation of  anticoagulation in populations with 
sub-optimal adherence to medication and follow up is a major 
challenge.13 Adherence to follow-up care and medication is a 
challenge once patients are relieved of their cardiac symptoms.14 
Colleagues from Cameroon reported that their cohort of 233 
patients with mechanical valves had freedom from neurological 
events and anticoagulation-related bleeding of 93.1 ± 2.1 and 78.9 
± 3.7%, respectively, at six years.9 While it is difficult to directly 
compare our study with theirs due to the small number of patients 
and differences in methodology, the number of major stroke and 

bleeding events in our study was disproportionately high.
A study from Rwanda reported that no anticoagulation-

related events occurred,15 but the number of patients with 
valve replacement in that study was small and the follow up 
was relatively short. The South African group that compared 
adjusted-dose warfarin with pre-determined fixed-dose warfarin 
also reported there were significant numbers of major thrombotic 
and haemorrhagic events in their study population.13 However, 
this study was also significantly different in methodology and 
cannot be compared with our study. 

Our study has important limitations in methodology. We 
included all patients we could acquire during the study period. 
We did not know the exact number of patients with prosthetic 
valves due to lack of records. We did not calculate our sample 
size therefore our statistical tests should be taken with caution. 

Besides the small size of the study population, the study 
was cross-sectional with only one encounter with each patient 
participant. We used medical records to determine the six-month 
INR profile. Some of these patients may have had a single INR 
determination within that period due to the compliance and 
logistical problems already mentioned. The ideal study design 
would have been a cohort study. 

We only included patients who came for follow up during the 
study period. Finally, recall bias may also have been a limitation 
in our study. This study could prompt the hospital to re-organise 
record keeping of patients.

It is worth mentioning the inherent drawbacks of warfarin 
as an anticoagulant. Warfarin has marked individual variation 
in its metabolism and hence varying dosage requirements and 
the need for frequent monitoring.16 However, there are no agreed 
guidelines on how frequently one should monitor anticoagulation 
in patients who are on chronic anticoagulation. Besides, warfarin 
has wide dietary and drug interactions, making it difficult to 
establish a desired level of anticoagulation. Fixed-dose warfarin 
has been shown to be better than adjusted-dose warfarin. Future 
studies may be required to determine the feasibility and safety of 
this strategy in our patients. It may also be worth considering the 
feasibility, affordability and effectiveness of novel anticoagulants 
(NOACs) in our setting. 

Finally, it may be better to opt for valve repair surgery 
whenever possible,14 although this strategy also has its own 
drawbacks in this part of the world. Besides the significantly 
high failure rate in advanced rheumatic heart disease, patients 
usually fail to comply with their monthly benzathine penicillin 
prophylaxis, putting themselves at risk of recurrence of acute 
rheumatic fever. Ideally, development of prosthetic heart valves 
that do not require anticoagulation may be a future solution to 
tackle some of these complex problems. 

Table 4. Description of patients with prosthetic heart valves and thrombo-embolic events

Age 
(years) Gender Educational status 

Age at 
surgery 
(years) Valve position Duration of follow up

Type and number of events

Outcome Bleeding Thrombo-embolism

18 F Secondary education 16 Aortic 2 years 1 2 Alive, no sequelae 

14 M Primary education 14 Aortic and mitral 6 months 3 2 Alive, no sequelae

20 F Primary education 20 Aortic 8 months 1 1 Alive, neurological sequelae

12 M Primary education 11 Mitral 1 year 2 1 Deceased 

15 F Primary education 15 Mitral 6 months 1 1 Deceased

20 F Primary 18 Mitral 2 years 1 1 Deceased

11 F Primary education 9 Aortic and mitral 2 years 2 1 Deceased
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Conclusion 
Low educational level, longer distance from medical facility, less 
frequent follow-up visits, and warfarin from public institutions 
were found to be significantly associated with sub-optimal 
control of INR in our study. These findings may help to develop 
initiatives such as implementing regular outreach clinics, training 
health workers in remote areas with task shifting, supplying 
INR self-determination devices, or other innovative ways that 
may be found to be feasible and effective. It may also be worth 
considering the feasibility, affordability and effectiveness of 
NOACs for such patients in our setting.
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