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Abstract

Objective. This study aimed to investigate which of the two vitamin K antagonists, warfarin or acenocoumarol, provides more
stable anticoagulation control in patients with mechanical heart valves and atrial fibrillation. Patients and Methods. This was a
prospective, one-year clinical cohort study. In total, 73 outpatients with mechanical heart valves and atrial fibrillation who were
already treated with warfarin or acenocoumarol were recruited from the Blood Transfusion Institute of the Federation of Bosnia
and Herzegovina. The prothrombin time target values, expressed as the international normalized ratio (INR), were 2.0-3.0/4.0.
Numerical data between the treatment groups were summarized descriptively. Results. Patients in the warfarin (N=35) and
acenocoumarol (N=38) treatment groups were similar in terms of sex, age, body mass index, body surface area, and number
of concomitant drugs known to interact with vitamin K antagonists. The number of INR measurements per patient, number
of INR measurements within the therapeutic range per patient, mean time interval between successive INR measurements,
and mean INR values across consecutive measurements were similar in both groups. However, compared to acenocoumarol,
warfarin treatment seemed to be associated with more stable anticoagulation, i.e., with a higher mean time in the therapeutic
range (TTR) (76.1424.2 vs. 69.1£21.5%) and a smaller proportion of patients below all predefined TTR thresholds (<60%,
<65%, and <70%). Conclusion. Our unadjusted descriptive results suggested that warfarin, compared to acenocoumarol, may
provide more stable and therefore safer anticoagulation control in patients with mechanical heart valves and atrial fibrillation.
To confirm this, larger prospective clinical studies are needed in patients with mechanical heart valves with or without atrial
fibrillation.
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Introduction of thromboembolic complications on one hand
and bleeding on the other, the physician’s prima-

Although new oral anticoagulants are avail- ry goal is to maintain it within optimal and stable

able, the vitamin K antagonists (VKAs) warfarin
and acenocoumarol remain irreplaceable for life-
long prevention and treatment of thromboem-
bolic complications in patients with mechanical
heart valves (1, 2). Given the narrow therapeu-
tic index of VKA therapy, which presents risks

anticoagulation control. To achieve and maintain
optimal anticoagulation treatment, the American
College of Cardiology (ACC) recommends target-
ing international normalized ratio (INR) values of
2.0-3.0 for patients with low-risk aortic valve re-
placement (AVR) and INR values of 2.5-3.5 for

“ORCID: 0009-0007-3757-6408 patients with high-risk AVR and mitral valve re-
>ORCID: 0009-0006-3999-2272 placement (1). According to the European Society
ORCID: 0000-0002-5891-3780 of Cardiology (ESC) and the European Association
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for Cardio-Thoracic Surgery (EACTS) the target
INR should be adapted to each patient’s prosthe-
sis thrombogenicity and individual risk factors,
i.e. for valves with low thrombogenicity the target
INR is 2.5 (without risk factors) or 3.0 (with >1
risk factor), for medium thrombogenicity INR is
3.0 or 3.5, and for high thrombogenicity, INR is
3.50r 4.0 (3).

A time in therapeutic range (TTR) of 265% is
commonly accepted as the definition of INR stabil-
ity (4). For patients with stable INR values, previ-
ous recommendations suggested monitoring every
four to eight weeks, and current guidelines allow
extending this interval up to twelve weeks (4, 5).

Due to the differences in pharmacokinetics
(PK), i.e., the longer elimination half-life attrib-
uted to warfarin (20-60 vs. 8—10 hours), warfa-
rin anticoagulation treatment is considered more
stable compared to acenocoumarol (6). In addition
to PK, patient age and body weight, and regard-
less of indication, genetic factors largely determine
the anticoagulant effect and, therefore, the dose
of VKAs in patients with mechanical heart valve
replacement (7). Gene polymorphisms are im-
portant factors responsible for variability in war-
farin dose requirements (8). According to a recent
study, one-third of all variations in response to
warfarin are the result of mutations in two genes:
a gene for cytochrome P450 (CYP2C9) and a vi-
tamin K-epoxide reductase gene (VKORC1) (9).
The PK and pharmacodynamics of warfarin are
also influenced by environmental factors such
as diet, drug interactions, critical illness, etc. (4).
Daily fluctuations in vitamin K-dependent factor
VII levels, which were assumed to lead to the dif-
ference in stability of warfarin and acenocouma-
rol treatment, have been shown to occur with both
drugs (10).

Unlike in our country, Bosnia and Herzegovina,
where both drugs are available and prescribed,
only one VKA is commonly available in most re-
gions (11). Warfarin is the drug of choice in the
United States, Scandinavia, and the UK, and is pre-
dominantly used in Italy. Acenocoumarol is com-
monly used in Spain, the Netherlands, and Poland.
Phenprocoumon is primarily used in Germany,
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and fluindione in France (12). This may be the
reason why data from post-marketing studies
comparing the stability of warfarin and acenocou-
marol treatments are still lacking.

Therefore, this study aimed to investigate
which of the two VKAs, warfarin or acenocouma-
rol, leads to more stable anticoagulation control in
patients with mechanical heart valves and atrial
fibrillation.

Material and Methods
Study Design and Patients

This was a prospective, one-year clinical cohort
study. Patient recruitment and data collection
were performed at the Blood Transfusion Institute
of the Federation of Bosnia and Herzegovina
(FB&H). The enrolment period was from May
2014 to May 2015.

Surgical implantation of a mechanical heart
valve in our community is performed at the
Clinical Center of Sarajevo University. Following
implantation, an internist or cardiologist from the
same department prescribes the initial lifelong an-
ticoagulation therapy. After hospital discharge, the
anticoagulation therapy of most of these patients
is followed up and managed at the Institute under
the care of transfusion specialists, and the remain-
ing patients are followed up under the care of in-
ternists, cardiologists, or general practitioners at
different healthcare institutions. Due to the lack
of a centralized registry for these patients at the
time of the study, this study included only patients
who were followed up with anticoagulation thera-
py and managed at the Institute under the care of
transfusiologists.

Patients were identified by accessing the elec-
tronic medical records of the Institute. The study
inclusion criteria were age 15-80 years, a con-
firmed diagnosis of atrial fibrillation, at least eight
months of warfarin/acenocoumarol treatment,
regular monthly INR check-ups prior to study en-
rolment, no presence of acute thromboembolic
event, and no planned surgery or diagnostic proce-
dures requiring discontinuation of anticoagulation
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treatment in the planned one-year study period.
Eligible patients were then followed prospectively
for one year with regular INR monitoring.

The minimum period of eight months of war-
farin/acenocoumarol treatment was chosen to
ensure that patients had completed the initial phase
of dose titration and INR stabilization, which typi-
cally occurs within the first few months of therapy.
This duration allows for a more reliable assessment
of anticoagulation control and reduces the impact
of early fluctuations that are common immediately
after therapy initiation. Although there is no uni-
versally established minimum period defined in
the literature, this approach is consistent with pre-
vious studies evaluating anticoagulation stability
in patients with mechanical heart valves (13-15),
where the inclusion of patients with at least sev-
eral months of stable therapy is common practice.

Data Collection

Patient demographic and clinical data (sex, age,
height, weight, body mass index (BMI), body sur-
face area (BSA), medical and surgical history, list
of concomitant drugs with the potential to affect
INR values, and position of the mechanical heart
valve) were collected from patients’ electronic re-
cords and through medical interviews and were
recorded in the case report form. Information on
INR measurements (dates, INR values, drug doses,
and dosing regimens) was collected from the pa-
tient’s anticoagulant therapy card.

INR Measurement

Plasma was obtained from blood samples collected
by venipuncture of the cubital vein into 1.8 ml test
tubes containing 3.2% sodium citrate (Vacutainer,
Becton Dickinson, United Kingdom). The blood
samples were centrifuged (Laboratory centrifuge
CENTRIC 322A, Slovenia) at room temperature at
3000 rpm for 15 minutes. Prothrombin time (PT)
was measured using a hemostatic automated an-
alyzer (ACL Elite Pro, Italy) with a commercial
liquid calcium recombinant human tissue factor
— thromboplastin reagent (RecombiPlasTin, ISI

1.03). The INR is calculated automatically accord-
ing to the formula INR=(PT ratio)"™ (International
Sensitivity Index) (16). Measurements and cal-
culations were performed in the laboratory of
the Department for Detection of Coagulation
Disorders at the Blood Transfusion Institute of the
FB&H. Based on the AHA/ACC and ESC/EACTS
guidelines (1, 3), the target INR value (2.0-3.0/4.0)
was determined for each patient depending on the
mechanical heart valve position, prosthesis throm-
bogenicity, and risk factors.

Ethics Statement

The study protocol was approved by the Review
Board of the University of Sarajevo Pharmaceutical
Faculty (Approval No. 0101-1833/15). All pro-
cedures were performed in accordance with the
ethical standards of the institutional and/or na-
tional research committee, as well as the 1964
Declaration of Helsinki and its subsequent amend-
ments or comparable ethical standards. Informed
consent was obtained from all patients prior to
their enrollment in the study.

Statistical Analyses

The data were analyzed descriptively. The number of
INR measurements per patient per year, the number
of INR measurements within the therapeutic range
per patient, the time interval between successive
INR measurements, and the INR values across 12
consecutive measurements were assessed for pa-
tients treated with warfarin and acenocoumarol.
The stability of anticoagulation treatment was as-
sessed using the TTR and the proportion of patients
below predefined TTR thresholds (<60%, <65%, and
<70%). The time in therapeutic range was calculated
using Rosendaal’s daily linear interpolation between
consecutive INR measurements method over a pre-
defined one-year observation period that assumes
linear changes in INR between successive mea-
surements to estimate the proportion of time spent
within the target range (17). Continuous numerical
variables were tested for the normality of their dis-
tribution. Normally distributed data are reported




as meanz+standard deviation (SD) and not normal-
ly distributed data as median and interquartile range
(IQR, Q25-Q75). Categorical variables are report-
ed as numbers and percentages. Data analyses were
performed using MS Excel.

Results

Of the 201 patients with mechanical heart valves
identified in the community, 90 were exclud-
ed because their clinical data were not accessible,
and 111 patients were identified by accessing the
Institute’s electronic medical records. Of these, 73
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patients, mostly women, met the inclusion criteria,
with 35 patients treated with warfarin and 38 with
acenocoumarol. The remaining 38 patients were
excluded due to the absence of a confirmed diag-
nosis of atrial fibrillation, duration of VKA treat-
ment shorter than 8 months, or planned surgery
or diagnostic procedures requiring discontinua-
tion of anticoagulation treatment in the planned
one-year study period (Figure 1).

The demographic and clinical characteristics
and valve positions of patients in the warfarin and
acenocoumarol groups are shown in Table 1.

Patients with implanted mechanical heart valves
identified in the community, N=201

Y

Y

Patients followed in other healthcare institutions, N=90
(not available for inclusion due to the lack of a centralized
registry at the time)

Patients followed at the Institute
for Transfusion Medicine, N=111

Y

Patients excluded from the study, N=38
+  Not being in the 15-80 age range, N=0

« Incomplete clinical documentation, N=0

«  Presence of acute thromboembolic event, N=0

+ No confirmed diagnosis of atrial fibrillation, N=38
«  Duration of VKA treatment shorter than 8 months, N=1

« Irregular monthly INR check-ups prior to study enrolment, N=0

« Planned surgery or diagnostic procedures requiring discontinuation of
anticoagulation treatment in the planned one-year study period, N=2

Y

Patients included in the study, N=73

Warfarin group, N=35

Acenocoumarol group, N=38

Y

Prospective 1-year follow-up with regular INR monitoring

Figure 1. Flow diagram.
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Table 1. Demographic and Clinical Characteristics of Patients in the Warfarin and Acenocoumarol Treatment Groups

Variable Warfarin (N=35) Acenocoumarol (N=38)
Sex (M/F) 12/23 15/23
Age (years) 63.71+£9.60 58.71+£11.97
BMI (kg/m?) 26.89+3.61 26.07+3.53
BSA (m?) 1.87+0.18 1.90+0.22
Mechanical valve position
Aortic valve (N; %) 9(25.7) 3(7.9)
Mitral valve (N; %) 19 (54.3) 33(86.8)
Both valves (N; %) 7 (20.0) 1(2.6)
Unknown position (N; %) - 1(2.6)

M=Men; F=Women; BMI=Body mass index; BSA=Body surface area.

The patients in both groups were taking up
to three concomitant drugs. The medications
with the potential to increase INR values used
in both treatment groups were amiodarone, di-
goxin (methyldigoxin), statins (simvastatin and
atorvastatin), verapamil, allopurinol, proprano-
lol, levothyroxine, acetylsalicylic acid, diclofenac,
and vitamin E. The medications with the poten-
tial to decrease INR values used in both treatment
groups were carbamazepine and spironolactone.

The mean number of INR measurements per
patient per year was 11.05+1.87 in the warfarin

group and 11.71+2.22 in the acenocoumarol group.
The mean number of INR measurements within
the therapeutic range per patient was 8.05+2.08
in the warfarin group and 7.21+2.17 in the aceno-
coumarol group. The mean time interval between
successive INR measurements was 37.54+6.33
days in the warfarin group and 34.89+7.90 days in
the acenocoumarol group.

All monthly median INR values across 12 con-
secutive measurements for warfarin (2.20-2.67)
and acenocoumarol (2.14-2.68) were within the
therapeutic range (Figure 2).

3.50 A

3.25 1

3.00 1

INR

~&~ warfarin
~#- Acenocoumarol

6

8 10 12

Consecutive INR measurements

Figure 2. The monthly median with interquartile range (Q25-Q75) INR values for warfarin and acenocoumarol
treatments across 12 consecutive measurements during a one-year observation period.




Table 2. Treatment Stability in the Warfarin and
Acenocoumarol Treatment Groups

Variable Warfarin (N=35) Acenocoumarol (N=38)
TTR (%), mean+SD  76.1+24.2 69.1+£21.5

TTR <60% 229 39.5

TTR <65% 286 42.1

TTR <70% 28.6 474

TTR=Time in therapeutic range; SD=Standard deviation.

The mean TTR was higher in patients treated
with warfarin than in those treated with acenocou-
marol, with better-quality anticoagulation being
consistently more frequent in the warfarin group
across all predefined TTR thresholds (Table 2).

Discussion

Our crude and descriptive results in patients with
mechanical heart valves and atrial fibrillation, sim-
ilar in sex, age, BMI, BSA, the number of used con-
comitant drugs known to interact with vitamin K
antagonists, the number of INR measurements per
patient, the number of INR measurements within
the therapeutic range per patient, the mean time
interval between successive INR measurements,
and the mean INR values across consecutive mea-
surements, showed that compared to acenocouma-
rol, warfarin treatment might have been associated
with more stable anticoagulation i.e. with a higher
mean time in the therapeutic range and a smaller
proportion of patients being below all predefined
TTR thresholds (<60%, <65%, and <70%).
Considering that a TTR of 265% is common-
ly accepted as a marker of INR stability, warfarin
therapy demonstrated greater anticoagulation sta-
bility compared with acenocoumarol, as reflected
by higher mean and TTR values and a lower pro-
portion of patients with suboptimal TTR levels.
Nevertheless, the overall mean TTR in the aceno-
coumarol group also exceeded the 65% threshold,
indicating that satisfactory anticoagulation con-
trol was achieved with both VKAs in this cohort.
Similar findings have been reported in other stud-
ies (6, 18, 19). When comparing TTR values across
studies, it is important to acknowledge that differ-
ent methodological approaches were used. While
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some of the cited publications applied Rosendaal’s
linear interpolation method, most commonly rec-
ommended given that it directly incorporates time
(17, 18), others assessed anticoagulation quali-
ty using alternative approaches, i.e. using the Last
Check in File method based on the last INR mea-
surement of each month (10), or using the per-
centage of INR values within the therapeutic range
(proportion-in-range method) without applying
linear interpolation (6, 19, 20).

The recent Italian nationwide PLECTRUM
study compared the quality of warfarin and aceno-
coumarol treatments in 2111 patients with me-
chanical prosthetic heart valves, of whom 1716
(81.3%) were treated with warfarin and 395
(18.7%) with acenocoumarol. Consistent with
our results, the results of this study also showed
better anticoagulation quality, i.e., longer mean
TTR in patients treated with warfarin compared
to those treated with acenocoumarol (61.6+19.4%
vs. 56.1+£19.2%) (18). This suggests that our obser-
vations align with findings reported in larger pop-
ulations. The PLECTRUM study also showed a
lower TTR on acenocoumarol in all subgroups of
patients analyzed according to sex, hypertension,
diabetes, age, valve site, atrial fibrillation, and INR
range.

Although studies comparing the stability of
warfarin and acenocoumarol treatment in pa-
tients with mechanical heart valves are lacking,
similar studies investigating the stability of these
drugs in patients with non-valvular atrial fibrilla-
tion or other indications have also suggested the
advantage of warfarin over acenocoumarol (6, 19).
To this end, an Italian retrospective case-control
study documented both the percentage of INR
values within the therapeutic range (72% vs. 67%,
P<0.001) and the percentage of patients with 275%
of measurements of INR in the therapeutic range
(50.7% vs. 34.5%, P<0.05), which were significant-
ly higher in patients treated with warfarin than in
those treated with acenocoumarol (6). In addition,
Olivia et al. showed that INR values were more fre-
quently in the therapeutic range in patients treated
with warfarin than with acenocoumarol (65.5% vs.
63.4%) (19). These findings are consistent with our
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results in patients with mechanical heart valves
and atrial fibrillation, as we also observed higher
TTR values and a lower proportion of patients
below the predefined TTR thresholds in the war-
farin group than in the acenocoumarol group.

Samsa et al. (21) showed that, compared to pri-
mary health care, the therapeutic value of INR is
more often achieved in specialized institutions
(55-60% vs. 34-47%). Despite the satisfacto-
ry overall median TTR in our study, a consider-
able proportion of patients with mechanical heart
valves and atrial fibrillation, particularly in the
acenocoumarol group, remained below the 65%
threshold, indicating that consistently stable INR
control can still be challenging, even in specialized
care settings. As mentioned above, patients with
stable INR values should be monitored every four
to eight or even twelve weeks (4, 5).

The mean time interval between the two succes-
sive INR measurements in our study was approx-
imately 5 weeks, 37.54 days in the warfarin group
and 34.89 days in the acenocoumarol group. In
the study by Kulo et al. (20), the time between the
two measurements in patients with non-valvular
atrial fibrillation recruited from the same institu-
tion was 27.17 days. In contrast to our study, some
studies did not confirm the advantage of warfarin
(10, 20, 22). Barcellona et al. showed that warfarin
did not appear to be better than acenocoumarol
in terms of PTs within the therapeutic range per
patient (10). Moreover, Kulo et al. showed better
stability of acenocoumarol compared to warfa-
rin treatment in a one-year observational clinical
study in patients with non-valvular atrial fibrilla-
tion (37.6% vs. 35.7%) (20). In the same study, the
proportion of INR values in the therapeutic range
was higher in patients treated with acenocouma-
rol than in those treated with warfarin (53.62% vs.
51.77%).

The clinical relevance of our results is that they
can help clinicians determine which of the two
available VKAs may be more suitable for patients
with mechanical heart valves and atrial fibrillation.
Greater stability of anticoagulation predicts better
safety, improved quality of life, as fewer INR con-
trols are needed, and reduced healthcare costs.

Strengths and Limitations of the Study

Our study is the first to compare two VKAs, war-
farin and acenocoumarol, in patients with me-
chanical heart valves to whom both treatments are
equally accessible and prescribed. As, according
to established guidelines, VKA therapy remains
the standard and only anticoagulant option for
these patients, with treatment patterns based on
INR-guided monitoring and dose adjustments re-
maining the same over the past decade, our study
population and findings may be of clinical rele-
vance. However, this study has several limitations.
First, a small sample size resulting from the lack of
a centralized registry of patients with mechanical
heart valves in our community; therefore, patients
whose anticoagulation treatment was followed in
other healthcare institutions were not available
for inclusion, which may limit the generalizabil-
ity of our findings. Second, as no standardized
predefined criteria/clinical scoring system/labo-
ratory parameter is used to systematically guide
the initial internists’ or cardiologists’ decisions on
the assignment of a specific patient to warfarin or
acenocoumarol, the treatment decision is made
largely based on their preference/prescribing
habits, comorbidities, concomitant drugs, avail-
ability of each drug through insurance reimburse-
ment or market supply, and the patient’s ability to
access the drug. However, we did not collect infor-
mation on those factors that might have predict-
ed assignment to one VKA over the other or the
stability of anticoagulation control. As these fac-
tors could theoretically function as confounders,
we missed the opportunity to adjust the model for
confounding, and residual confounding cannot
be excluded. Therefore, based on crude and un-
adjusted analyses, the reported results are rather
descriptive and hypothesis-generating than causal
and may be partially or entirely explained by fac-
tors not accounted for in the analyses.

Conclusion

In this prospective, single-center, one-year clinical
cohort study, based on crude and descriptive re-
sults, better anticoagulation stability, with a higher




mean time in the therapeutic range and a small-
er proportion of patients below the predefined
TTR thresholds, was suggested in warfarin- com-
pared with acenocoumarol-treated patients with
mechanical heart valves and atrial fibrillation.
However, these unadjusted findings only represent
a population description and should be interpret-
ed cautiously. To confirm and expand our findings,
additional larger prospective clinical studies are
needed in patients with mechanical heart valves,
with or without atrial fibrillation.

What Is Already Known on This Topic:

The prevention of thromboembolic events in patients with mechanical
heart valves requires lifelong oral anticoagulants. Although new oral
anticoagulants are available, vitamin K antagonists (VKAs) remain ir-
replaceable in these patients. Maintaining optimal anticoagulation with
VKAs is difficult due to their narrow therapeutic index, i.e., the need to
achieve therapeutic INR values while balancing thrombosis and bleed-
ing. Although dose-dependent, their effectiveness also shows significant
individual variation over time. Maintaining stable anticoagulation de-
pends not only on numerous clinical factors, including age, body weight,
diet, comedications, comorbidities, and patient compliance, but also on
genetic variations. Unlike in Bosnia and Herzegovina, where both drugs
are equally available and prescribed, only one of the VKAs is commonly
available in most other regions. This may be the reason why data from
post-marketing studies comparing the stability of warfarin and aceno-
coumarol treatments are still lacking.

What This Study Adds:

The descriptive findings of this study support the hypothesis that com-
pared with acenocoumarol, warfarin may provide more stable antico-
agulation control in patients with mechanical heart valves and atrial
fibrillation.
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