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ABSTRACT 
	[bookmark: _Hlk216121285]Aims: Acenocoumarol, a vitamin K antagonist anticoagulant, is used in the management of common thromboembolic conditions, such as atrial fibrillation and venous thrombosis. Although it remains a standard treatment in Algeria, its clinical use is hampered by significant interindividual variability in therapeutic response, influenced by several genetic and non-genetic factors. the objective of this work was to evaluate the quality of anticoagulation with acenocoumarol at the University and Hospital Establishment of Oran, Algeria.
Methodology : A descriptive cross-sectional prospective study was conducted on patients treated with acenocoumarol. Therapeutic monitoring was performed using the International Normalized Ratio (INR) and the Time in Therapeutic Range (TTR).
Results and discussion : A total of 51 patients were followed. The results showed a female predominance, with a mean age of 55 ± 2.33 years. The mean daily dose of acenocoumarol administered was 2.52 ± 0.7 mg/ day, and the steady-state dose was 2.72 ± 0.89 mg/day; the mean time to steady state was 2.72 ± 0.89 days. Only 41.18% of patients achieved their INR target at the end of the study. The majority of patients (82.35%) had a TTR below 50%, indicating poor control of anticoagulation with acenocoumarol.
Conclusion : This study has demonstrated that acenocoumarol dosage optimization by INR is insufficient, and has highlighted the importance of implementing other dosage personalization approaches such as pharmacogenetics.
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1. INTRODUCTION
Although new anticoagulant molecules are being introduced to the global market, vitamin K antagonists (VKAs) remain the standard treatment for common thromboembolic conditions such as atrial fibrillation, venous thrombosis, and valvular heart disease (1,2). After more than 60 years of use, the efficacy of VKAs is indisputable.
Acenocoumarol is the only VKAs available in Algeria due to its proven efficacy. However, its therapeutic management poses a major health problem because of a narrow therapeutic range and marked intra- and inter-individual variability in its pharmacological response. Several factors can contribute to this variability: genetic factors, notably cytochrome p450 (family 2, subfamily C, polypeptide 9) (CYP2C9) and vitamin K epoxide reductase complex (subunit 1) (VKORC1), and non-genetic factors such as age, sex, body mass index (BMI), therapeutic indication, and target INR value. This complicates the establishment of optimal doses and necessitates regular monitoring using the International Normalized Ratio (INR)(3,4). However, despite this INR-based individualized dosing approach, its use remains a significant challenge for clinicians. Indeed, underdosing can lead to thrombotic complications, while overdosing presents a risk of severe and potentially fatal bleeding (5).
In this context, the objective of this work was to evaluate the quality of anticoagulation with acenocoumarol at the University and Hospital Establishment of Oran, Algeria.
2. MATERIALS AND METHODS:
1.1 Patients
A prospective, cross-sectional descriptive study was conducted over a five-month period, from January 5th to the end of May 2025, at the Pharmacovigilance Department of the University and Hospital Establishment (UHE) of Oran in collaboration with the Cardiology Departement of the same hospital, in Algeria. It included adult patients (≥18 years), of both sexes, treated with acenocoumarol for various conditions. Patients treated with an anticoagulant other than acenocoumarol or with missing data were excluded.
1.2 Data collection
Demographic (sex, age, weight), clinical (medical history, comorbidities, indication, complications) and therapeutic (acenocoumarol dosage, associated treatment) data and biological monitoring of each patient were collected throughout the study.
1.3 Acenocoumarol Therapeutic Monitoring 
Biological monitoring of acenocoumarol was performed using the International Normalized Ratio (INR). The goal was to achieve an INR between 2 and 3 in most cases, with a target value of 2.5. An INR below 2 indicated insufficient anticoagulation, increasing the risk of blood clot formation. Conversely, an INR above 3 reflected excessive anticoagulation. An INR above 5 was associated with a significant bleeding risk requiring prompt intervention to adjust the treatment.
Time in Therapeutic Range (TTR) is a measure used to assess the quality of anticoagulant control in patients treated with oral anticoagulants such as warfarin or acenocoumarol. It is determined using the Rosendaal method, which relies on linear interpolation between each two successive INR measurements throughout the follow-up period (6). Each patient's TTR is calculated using the following formula: TTR = (Total number of days with INR in the therapeutic range / Total number of days between the first and last INR measurements) × 100. A TTR ≥70% indicates a very good anticoagulant control, a TTR between 60 and 69% reports a good control, between 50 and 59% a poor control, and finally, a TTR >50% a poor anticoagulant control (7).





1.4 Statistical analysis
Statistical analysis was carried out using SPSS software “Statistical Package for the Social Scientists” version 20. Quantitative variables were represented as means ± standard deviation (SD) [minimum-maximum] while qualitative variables were expressed as percentages (%) and frequencies (N).
3. RESULTS
3.1. Characteristics of the population
Fifty-one patients treated with acenocoumarol were enrolled in the study. Females were predominant, with a male-to-female ratio of 0.82. The mean age was 55 ± 2.33 years, ranging from 18 to 80 years. Mitral valve replacement was the most frequent indication for acenocoumarol (33.33%). The demographic and clinical characteristics of this population are presented in Table 1.
3.2. Therapeutic characteristics
The average daily dose of acenocoumarol administered was 2.52 ± 0.7 mg. The mean dose of acenocoumarol required to achieve the INR target was 2.72 ± 0.89 mg. The average time to reach the INR target was 2.72 ± 0.89 days. For some patients, the time was longer, reaching up to 23 days (Table 2). At the first INR measurement, almost all patients, 94.12% (n=48), had an INR outside the therapeutic range (Figure 1). At the end of the study, only 41.18% (n=21) of patients had reached their INR target (Figure 2).  The majority of patients (82.35%, n=42) had a TTR below of 50%, indicating an inadequate anticoagulation control. Conversely, 11.76% (n=6) of patients had a TTR above 70%, corresponding to good therapeutic control according to standards norms (Figure 3). Analysis of observed adverse events (AEs) showed that 33.33% (n=17) of patients manifested AEs: 35.29% (n=6) of patients developed hemorrhagic complications against 64.71% (n=11) of patients with thrombotic complications (Figure 4).

Table 1: Patient demographic and clinical data
	Characteristics
	Value 

	Patients number (n)
	51

	Gender n (%) 
	23 M/ 28 W (45.1 / 54.9)
Sex-ratio (M/W) = 0.82

	Age (years) mean ± SD (min-max)
	55 ± 2.33 (18- 80)

	Alcohol n (%)
	49 (96,08)

	Tobacco n (%)
	42 (82,35)

	Indications n (%)
Mitral valve replacement 
Aortic valve replacement 
Mitral valve disease and tricuspid regurgitation
Mitral and aortic valve replacement
Coronary artery bypass
Pace maker
Others
	
17 (33.33)
6 (11.77)
6 (11.77)
4 (7.84)
3(5.88)
2 (3.92)
13 (25.49)

	Comorbidities n (%)
0 
≥ 1 
	
23 (45.1)
28 (54.9) 

	Comorbidities types n (%)
High blood pressure
 Diabetes
Others
	
7 (25)
6 (21.43)
38 (53.57)




Table 2: Acenocoumarol dosages used in the study
	
	Mean ± SD[Min-Max]

	Dose (mg)
	[bookmark: _Hlk199195788]2.52±0.7 (1.33-4.20)

	Dose (mg/kg)
	0.037±0.011 (0.019-0.067)

	Balance dose (mg)
	[bookmark: _Hlk199195819]2.72±0.89(1-5)

	Equilibrium delay (days)
	2.72±0.89 (1-23)
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Figure 1: Frequency of the stabilized patients on acenocoumarol at the start of treatment
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[bookmark: _Toc26081]Figure 2: Frequency of the stabilized patients on acenocoumarol at the end of study
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[bookmark: _Toc4222]Figure 3: Distribution of patients according to TTR
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[bookmark: _Toc21020]Figure 4: Distribution according to the occurrence and type of adverse event.





4. DISCUSSION
This study was conducted to evaluate the quality of acenocoumarol anticoagulation at the University and Hospital Establishment of Oran, in Algeria. The study included a sample of 51 patients, 54.9% of whom were female, indicating a slight female predominance with a sex ratio of 0.82. The mean age of the patients was 55 ± 2.33 years. These results are consistent with those reported by Smires and al. who observed a mean age of 50 ± 15 years in a cohort of 114 Moroccan patients, as well as with the study conducted by Ajemi and al. in a Tunisian population, where the mean age was 58.24 ± 17.65 years (8,9).
Clinically, mitral valve replacement was the most frequent indication for acenocoumarol prescription, accounting for 33.33%. This trend aligns with the literature and is consistent with international recommendations, particularly those of the European Society of Cardiology (ESC), which advocate lifelong anticoagulation in patients with mechanical valves due to a high thrombotic risk (10). Dalmau L demonstrated in his work that acenocoumarol is used more frequently than warfarin with comparable efficacy (11). Similarly, the INVICTUS study confirmed the superiority of vitamin K antagonists over direct oral anticoagulants in terms of reducing mortality and cardiovascular events (12).
Furthermore, we observed that 54.90% of patients had at least one comorbidity, including 25% with hypertension and 21.43% with diabetes. These results are consistent with the study by Bonnet V and al., which demonstrated that patients with valvular heart disease, particularly mitral valve disease, frequently have comorbidities that can influence both their management and their prognosis (13).
Therapeutically, the average daily dose of acenocoumarol administered was 2.52 ± 0.7 mg/day. This is higher than that reported by Nieto E and al. in a Chilean population, where the average daily dose was 1.94 mg/day. This difference could reflect variations related to dietary habits, demographic factors, or genetic factors (14).
The mean the equilibrium dose of acenocoumarol required to achieve the target INR was 2.72 ± 0.89 mg/day. This value is comparable to that found in the Lebanese population (2.57 ± 1.71 mg/day)(15). However, it was lower than that found in a Slovakian population (4 ± 1.71 mg/day), which could be attributed to genetic or environmental differences (16).
On the other hand, the mean time to reach the INR target was 2.72 ± 0.89 days; it ranged from one to 23 days. This result is generally consistent with those observed in other populations of the Mediterranean basin, such as the Lebanese study conducted by Esmerian and al. which reported a mean time of 3.00 ± 0.58 days (15). Similarly, the Moroccan study by Elkhazraji and al. showed a similar time of approximately 3 days on average (17). These results can also be compared with those of the Greek study conducted by V.G. Manolopoulos et al., where some patients took up to 30 days to reach the therapeutic range (18). These convergences suggest that the initial response to acenocoumarol exhibits a certain consistency in these regions, probably due to common medical practices, diet, or genetic factors. 
Regarding the INR monitoring of acenocoumarol, at the initial measurement, the vast majority of patients (94.12%) had an INR outside the therapeutic range, reflecting significant initial variability in response to acenocoumarol. These results confirm the difficulty of adjusting acenocoumarol dosage from the very first doses, particularly without considering genetic factors.
At the end of the follow-up period, only 41.18% of patients had reached their INR target, indicating a persistent difficulty in stabilizing the anticoagulant effect of acenocoumarol in the majority of patients. This proportion may seem low compared to the study conducted by Nieto E and al. in Chile where approximately 60% of patients achieved INR stabilization after a follow-up period, suggesting better dose titration in that population (14). This difference could be explained by differences in the methods of individualizing vitamin K antagonist dosage between the two countries.
Furthermore, TTR analysis showed that the majority of patients (82.35%) had a TTR below 50%, indicating poor control with acenocoumarol. In contrast to these results, a Tunisian study reported a mean TTR of 57.3% ± 18.2% (19). This result confirms that anticoagulation control with acenocoumarol remains generally insufficient in real-world practice in the Maghreb countries. This underscores the importance of implementing other approaches to optimize acenocoumarol dosage adjustment in clinical practice, particularly the individualization approach using pharmacogenetics.
Regarding the assessment of iatrogenic risk with acenocoumarol, 33.33% of patients experienced an adverse event (AE), with thrombotic complications occurring in 64.71% of cases. Hemorrhagic complications accounted for 35.29%. These results are consistent with a Tunisian study (19). This highlights that INR instability, often reflected by a low TTR, significantly increases the risk of adverse events, both hemorrhagic and thrombotic. These findings underscore the importance of integrating acenocoumarol pharmacogenetics into clinical practice, which helps to reduce these iatrogenic risks.
This study had several limitations. First, the relatively small sample size (51 patients) restricted the generalizability of the results to the entire population. A larger number of participants would have allowed for better representativeness and greater statistical power. Second, the clinical follow-up period was short (5 months), which did not allow for a full assessment of INR stability and the long-term impact of TTR.


5. CONCLUSION
This study highlighted the fact that, to date, acenucomarol dosage personalization in clinical practice relies solely on INR measurement. This individualized dosage approach remains insufficient for achieving optimal anticoagulation in patients and limiting iatrogenic risks, particularly hemorrhagic and thrombotic events. Therefore, the use of TTR (Time in Therapeutic Range) appears essential for a more precise assessment of anticoagulation effectiveness in patients. This parameter, although still rarely or never used routinely, would allow for a better evaluation of long-term treatment stability. Therefore, to better optimize acenocoumarol treatment, it would be wise to implement other individualized dosage strategies such as pharmacogenetics.
Indeed, integrating pharmacogenetics into the management of patients treated with acenocoumarol by performing genetic testing before treatment initiation could allow for more precise dosage adjustments, taking into account each patient's individual profile. This would help improve INR stability, reduce the risk of adverse effects, and enhance the safety of anticoagulant therapy.
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