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ABSTRACT

Intro : Vitamin K antagonists are the mainstay for prevention of strokes in patients with atrial fibrillation (AF)
world-wide. Yet estimates on its effectiveness are heterogeneous and reveal stark differences between different
health-care systems. The aim of the present study was to assess the laboratory parameters for achieving the goal
of the therapy (Time in therapeutic range - TTR) and to describe the effectiveness of the therapy in real-time
setting.

Methods : Patients treated in our clinic, with confirmed AF were considered in the study. The study was prospective
observational study by design, where the participants were assessed at baseline for known risk factors for stroke,
diagnosis for atrial fibrillation, use of anticoagulant medication and presence of identifiable ischemic lesions in
the brain with non-contrast computed tomography (NCCT). The drug of choice was acenocoumarol, with planned
monthly measurements of INR with the duration of 6 months, and the study was concluded with additional NCCT
at the end, in order to assess for differences.

Results : 96 patients finished the observation. The mean age of the patients was 64.5 years (SD = 6.36), and 50 (52%)
were male. Regarding the INR measurement, we collected data from 88.2% of the planed measurements; 69.7% of
the patients achieved TTR above 60%. Cross-comparison between groups (TTR < 59% and TTR > 60%) revealed that
the first group had statistically significant higher proportion of patients with newly registered lesions on NCCT
(p-value < 0.05).

Conclusion: Acenocoumarol is the only therapeutic VKA option in our country, despite the availability of other
VKA antagonists that show better indices for effectiveness. Our sample confirmed that the proper use of VKA
significantly reduces the incidence of new NCCT ischemic lesions in conditions of routine public health care.

Authors keywords: atrial fibrillation, oral anticoagulants, stroke prevention, time in therapeutic range, vitamin-K
antagonists, silent stroke, effectiveness;
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INTRODUCTION

Vitamin-K antagonists (VKA) represent the most
utilized class of drugs in the secondary prophylaxis of
thromboembolism and brain stroke in patients with
atrial fibrillation on global level. They partake an
important role in reducing the associated risks with
atrial fibrillation (1,2), mainly regarding thromboembolic
events in the brain (3-5). The use of VKA therapy has
associated burdens - narrow therapeutic index (6) and
sensitive pharmacokinetics (7,8), which necessitate
regular laboratory monitoring and risk for complications,
such as persistent bleeds from wounds or spontaneous
bleeds. Some of these complications are predictable (9)
by following a laboratory parameter - the international
standardized ratio (INR) (10), a derivate of prothrombin
time, which is used to express the targets of the therapy
and to properly dose the VKA (11). As recommended, the
best treatment effect of VKA therapy in this scenario
is achieved when the value of INR is in the range 2-3
(11,12), while values below and above are associated with
thromboembolic and hemorrhagic events, respectively
(13). Recent studies report on the use of VKA in terms of
serial INR measurements, finding out that in setting of
regular care, patients achieve the targets of therapy in
30-75% of all measurements (14-16), which is less than in
settings of randomized control trials.

The use of VKA at local level has not been subject to a
systematic study. Previous study conducted in the Balkans
(neighboring countries) revealed that patients achieved
TTR of 49.5% (Potpara et al.) In Macedonia there is only
one registered VKA, acenocoumarol (tablets, 4 mg), which
is used in the secondary prophylaxis of stroke in patients
with atrial fibrillation.

The aim of the present study is to analyze the correlation
of time in therapeutic range in patients taking VKA and
incident ischemic stroke (diagnosed with clinical and
imaging modalities).

METHODS AND POPULATION

This was prospective, observational cohort study,
conducted at the Neurology Department of the University
Clinic - Tetovo, Macedonia. All registered patients in the
last six months and patients in the period from January
2019 to April 2019 with findings of atrial fibrillation
were considered in the study, based on their informed
consent. The patient population is representative of the
northwestern part of the country, as the overall majority
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of the citizens use the public health service. Patients
were evaluated for indication for oral anticoagulant
therapy use (and previous OAT use). Inclusion criteria
were: EGC-evidenced atrial fibrillation (2) and diagnosis
set by cardiologist (ICD-10 code 1-48), CHA2DS2Vasc-
Score above 1 (or above 0 for males) (17), actual use of
acenocoumarol or willing to start with prescribed therapy
with acenocoumarol (in accordance with treatment
guidelines), and consent to attend regular INR monitoring
on monthly basis and undergo native computed
tomography scan of the brain on two occasions, six
months apart. As exclusion criteria we used concurrent
use of/or indication for antiplatelet drug, presence of
contraindications for acenocoumarol (active bleeding or
previous major bleeding due to acenocoumarol, previous
major surgery). All patients signed informed consent to
participate in the study.

MEASUREMENTS

At study enrollment, patients underwent native non-
contrast computed tomography (NCCT) of the brain and
measurement of the international standardized ratio
(INR). Their previous health records were checked for
previous/actual conditions of the vasculature, heart,
thromboembolic events, diabetes mellitus, presence of
implants and rheumatological conditions and targets
for INR other than 2-3. All of the measurements were
done at the Clinical hospital - Tetovo. For performing
CT of the brain, we used SOMATOFORM SIEMENS CT,
with generating 1.6 mm axial slices. All of the CT-scans
of the brain were evaluated for the presence of fields of
ischemic sequelae in the brain by trained radiologist and
neurologist. As findings of interest were CT-hypo-intense
signals with Handsfield unit (HU) values approximating
the HU values of the cerebrospinal liquor in the same
case which were localized in single arterial territory and
were not consequence of known trauma or bleeding,
including both cortical and lacunar infarctions. At the
end of the observation period patients were scanned
again, and the second NCCT-scan of the brain was used
for comparison, in order to register new lesions. Patients
came regularly at three-month visit for follow-up, with
monthly check of the INR at the transfuziology unit at
our hospital with the use of Hymanclot Analyzer. The
time in therapeutic range was determined individually
under the assumption that patients performed monthly
INR measurements as number of INR measurements in
range of 2-3 over number of total INR measurements,
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with projected 7 measurements during the 6 months of
observation. Patients with less than 4 measurements
were not included in the analysis, as their TTR could not
be reliably determined.

CHA2DS2Vasc score (18) represents a quantitative tool
for determining future stroke risk in patients with
diagnosed atrial fibrillation. It takes into account the age
(>= 75 years - 2 points, 65-75 years - 1 point), presence of
arterial hypertension (1 point), presence of congestive
heart failure or left-ventricular systolic dysfunction (1
point), diabetes mellitus (1 point), prior stroke, transient
ischemic attack or embolic event (2 points), vascular
disease (1 point), female sex (1 point), with 9 points in
total, with projected annual risks for incident disease
rising significantly above 1 point. It’s use has entered the
practice as clinical tool for risk assessment (19), making
compound measure of risk factors for thromboembolism
in patients with AF.

Table 1. Descriptive statistics on patient sample
characteristics (n = 96)

Variable Patient sample
Age (x, SD) 64.5 (6.36)
Gender (% males)50 (52%)
Previous VKA use (%) 67 (69.7%)

Past/current thromboembolic conditions 56 (55.2%)
Arterial hypertension (%) 70 (72.9%)

26 (271%)

6 (0.6)

INR - International Normalized Ratio

Diabetes mellitus (%)

INR measurements (x, SD)

ANALYSIS

In order to describe the patient group, demographic
characteristics on age, gender, ethnicity, previous
OAT use, CHA2DS2-Vasc score, presence of arterial
hypertension and diabetes mellitus are presented in
terms of mean (with standard deviation) for continuous
and proportions for categorical variables. The values
regarding time in therapeutic range, presence of NCCT-
identifiable lesions at enrollment and follow-up are
derived from individual patient data and were described
with mean, SD, median. In order to test for differences in
NCCT-incident lesions between patients with TTR above
and below 60%, the Fischer’s exact test for comparison
of proportions was used. The analysis of data employs
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intention-to-treat analysis. Statistical significance was
determined at the level of 0.05.

RESULTS

From the initial 126 patients enrolled at the beginning,
96 (76%) patients finished the observation period. The
resulting sample of 96 patients had average age of 64.5
years (SD = 6.36) and 50 (52%) were male. 29 patients
were newly prescribed VKA users while the remaining 67
patients had continued VKA use in the last 3 months. The
descriptive statistics on the patient sample are available
in table 1.

From 96 patients and planned 672 measurements, we
collected data from 593 of the measurements (88.2%).
The mean time in therapeutic range was 0.65 (SD = 0.15),
ranging from 0.28 to 1 (3 cases). The corresponding
distribution is presented with histogram in figure 1.
Patients that did not show up during the study had
an average of 3.1 INR measurements, insufficient for
calculating the time in therapeutic range. The resulting
sample revealed that 67 patients (69.7%) achieved TTR
above 60%, while 29 patients achieved TTR below that
threshold.

The results from the first NCCT-scan revealed that 59
patients were free of identifiable lesions while 37 patients
had at least one identifiable lesion that could be attributed
to ischemic event in the brain. From the 37 patients
with CT findings, 2 patients had 2 lesions registered on
the NCCT-scan. The results from the second NCCT-scan
revealed that 42 patients had NCCT-registered lesions in
the brain, out of which 5 patients had 2 lesions, while 54
patients did not have any finding.

Cross-comparison between the patients with TTR above
60% and the other group revealed that 2 patients (3%) of
the first group had NCCT-findings consistent with new
ischemic lesion, while 5 patients (17.2%) in the second
group had NCCT-findings for new lesion.

Differences between the two groups in terms of incident
CT-lesions were assessed by the Fisher’s exact test,
which revealed statistically significant differences in
proportions of 0.142, with p-value of 0.025 (figure 2). The
odds ratio for incident CT lesion was 5.78 higher in the
group that did not maintain TTR above 60% (95%CI 1.189
-28.067) (Figure 2).
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G o T o e B Vo g s R T e e

Figure 1. Histogram of individual time in therapeutic
range (TTR) of the patient sample (n = 96). Numbers above
bars denote percentages.
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Figure 2. Comparison between proportion of patients
with new CT-lesions between patients that achieved TTR
above 60% and patients that achieved TTR below 60%.

Legend: TTR- time in therapeutic range

DISCUSSION

The present study is the first study to investigate the
importance of maintaining time in therapeutic range for
prophylaxis of incident brain strokes in Macedonia. Given
the fact that 38% of the patients had identifiable lesion
that can be attributed to ischemic event in the brain on
the baseline computed tomography reflects the patient
base drawn from neurological practice.

From the planned measurements for INR, patients that
finished the study managed to attend at the 89% of the
monthly regular measurements. In our sample, 67% of
the patients maintained TTR of at least 60%, and the
mean TTR was 0.65. This finding is slightly different
than the results from another regional study, where the
measure of TTR was secondary objective, reports that
TTR was available for 18.7% of the analyzed patients,
with reported mean TTR of 49.5% (95%CI 20-90%), while
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the most recent measurement of INR was available for
79% of the patients, where 55.2% of the patients were in
therapeutic range (20). Of note is that patients treated
with VKA’s were not exclusively on monotherapy and this
was not the primary objective of the study, which could
explain the differences in comparing the results for TTR
(0.65 vs 0.52) and availability of past INR measurements
(89% vs 79%).

One of the earliest meta-analysis on the topic from
Walraven (21) revealed differences of achieving
good anticoagulation control in the setting of RCT,
anticoagulation clinic and community follow-up. For
instance, the mean unadjusted mean of TTR followed
in clinic or RCT was 65.4% (95%CI 63.7-67.7%) and 66.4%
(95%CI - 59.4%-73.3%) respectively, while TTR measured
in community practice was estimated at 56.7% (95%CI
- 51.5%-62%), giving statistically significant difference,
while the conclusions of the study revealed that self-
monitoring of INR could increase TTR in selected
populations, an option that is still not employed in the
health systems in Macedonia. The findings of the study
are comparable to our results, taking into account
that the INR measurements were conducted at the
transfusiology department of Clinical Hospital - Tetovo.
Still, of note is one curious finding, albeit statistically
insignificant (p = 0.08) - the metanalysis compared TTR
in studies conducted before 1998, finding out that studies
conducted later reported slightly better anticoagulation
control, which might be indicative of the gained
experience of the health systems in prescribing therapy
with VKA and follow-up. The reported results are in line
with the findings of other studies conducted at European
level (22)

Another consideration in this study is the choice of the
anticoagulant drug. Currently, our market has only one
registered drug, acenocoumarol. Recent observational
study from PREFER IN AF Registry reports that patients
on monotherapy with acenocoumarol achieved the
lowest TTR (65.9%), in comparison to warfarin (69.3%),
fluindione (72.7%), phenprocoumon (80.4%) (22) Another
recent observational study from Spain, where the most
utilized drug is acenocoumarol, conducted on older
sample than ours (mean age = 73.8 +- 9.4 years), estimated
that the mean TTR was 63.77%, while 54% of the patients
exhibited poor control (TTR < 65%) ((23). Regarding the
long-term stability of this parameter, it has been found
that most of the patients show stable trajectory after the
first 6 months of measurement (Pokorney et al.; Witt et
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al.; McAlister et al.).

Although 37 patients did have previous findings on CT
scan, additional 19 patients had either recorded finding in
the past for transient ischemic attack, acute myocardial
infarction or deep venous thrombosis. Additionally, 67 of
the patients had already been put on routine Vitamin-K
antagonists, while during the recruitment, 32 patients
started treatment with VKA. The results of the study
confirm the finding of effectiveness of VKA antagonist
with regard to strokes as registered on NCCT.

The variability of the findings in the reported studies are
due to factors regarding the patients, the drug used in
the study, but also due to the different health care setting
among different countries. The last has been investigated
in a cost-benefit analysis, comparing the use of NOACs
vs the traditional VKAs - for instance, where three
NOACs have been calculated as cost-effective alternative
of coumarins in Great Britain, while two of them were
significantly better in terms of cost-effectiveness in The
Netherlands. The findings of the study emphasize the
quality of INR control, which is main determinant of
effectiveness of this therapy (24). This finding is in line
with other studies on cost-effectiveness, where the
importance of maintaining INR is highlighted (25).

The limitations of our study might stem from the
sample population, which is drawn from population that
utilize public health services. Next, the possibility for
information bias is present since the outcome is derived
from inferior imaging method (CT in comparison to MRI).
CT in this scenario has lower sensitivity than advanced
imaging techniques, such as the computed-tomography
perfusion (CTP), computed tomography angiography (CTA)
(26) and magnetic resonance imaging (MRI) (27). Although
the analysis was done in intention-to-treat manner, the
study assumes that the INR measurements are indicative
of real use of the medication by the patients.

CONCLUSIONS

As important finding of this study is the high rate of
INR control in our sample. The differences between the
patients that achieve TTR > 60% had significantly lower
number for new ischemic lesions as registered on CT.
One realization of the present study is the unavailability
of other drugs from the same class on our market. The
use of acenocoumarol provides certain benefits with
regard to its short half-life, which is convenient as
therapy before anticipated invasive or semi-invasive
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procedures. The absence of other VKA antagonists in
our health-care system should be reconsidered, as it
has been found out that acenocoumarol achieves lowest
TTR, as provided from the literature, and showed similar
TTR to the studies that pointed out this difference. This
necessity is emphasized for countries in development,
where the health care systems cannot afford to provide
the NOACs which are much more expensive and where
the use of anticoagulant therapy in the patients with risk
is underutilized.
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