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ABSTRACT

Vitamin K antagonists (VKAs) remain essential in the management of patients with mechanical heart valves, rheumatic
mitral stenosis, and selected cases of atrial fibrillation. Because therapeutic effectiveness depends on maintaining the
international normalized ratio (INR) within a narrow target range, strategies that improve INR stability are critical to reducing
the risks of thromboembolic and hemorrhagic complications. Traditional clinic-based monitoring is limited by infrequent
testing and delayed dose adjustments, prompting growing interest in patient self-testing (PST) and patient self-management
(PSM).

This review assessed the impact of PST and PSM on anticoagulation quality and clinical outcomes in adults treated with
VKAs. A targeted PubMed search (2015-2025) identified meta-analyses and randomized controlled trial evaluating INR
self-monitoring. Three high-quality sources—a Cochrane review, a network meta-analysis, and a meta-analysis focused on
telemedicine-supported PST—served as the primary evidence base.

Across studies, both PST and PSM significantly increased time in therapeutic range (TTR), typically by 5—10 percentage
points compared with standard care. PSM and telemedicine-assisted PST demonstrated the greatest improvements. Enhanced
TTR translated into reductions in thromboembolic events, particularly in high-intensity PSM strategies. Importantly, no
increase in major bleeding was observed in any self-monitoring model, indicating a favorable safety profile.

In conclusion, INR self-monitoring, especially intensive PSM and telemedicine-enabled PST, offers an effective and safe
approach to improving anticoagulation control in patients requiring long-term VKA therapy. These strategies address well-
recognized limitations of traditional INR monitoring and support more responsive, patient-centered care.
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1. Introduction and Aims

1.1. Introduction

The Significance of Vitamin K Antagonist Therapy

Vitamin K antagonists (VKAs), such as warfarin and acenocoumarol, continue to represent an essential
component of anticoagulant therapy despite the expanding use of direct oral anticoagulants (DOACs). Current
clinical data demonstrate that VKAs remain the primary treatment in multiple clinical contexts, particularly in
the prevention and treatment of venous thromboembolism and in patients with atrial fibrillation combined with
valvular pathology. Studies from countries with diverse healthcare structures consistently indicate that VKAs
remain the "main" anticoagulants and that treatment quality depends on maintaining the international
normalized ratio (INR) within its therapeutic range. This, in turn, requires systematic monitoring to reduce the
risk of both bleeding and thrombotic complications (Gharib et al., 2025).

Guidelines from major societies reinforce the ongoing importance of VKAs. According to the
ACC/AHA recommendations for valvular heart disease and recent ESC updates on atrial fibrillation, DOACs
remain contraindicated in patients with mechanical heart valves or significant rheumatic mitral stenosis, VK As
therefore remain the standard of care (Otto et al., 2021; Wolfes et al., 2025). Editorials and reviews published
in recent years have further emphasized that, despite ongoing research into factor Xa and XI inhibitors, no
alternative has yet demonstrated superiority over VKAs in these population, leading to the conclusion that
"there is still no alternative to warfarin" for mechanical valves (Gerfer et al., 2024; Mack et al., 2025).

Additionally, the results of the INVICTUS trial, summarized by Pradhan et al., demonstrated superior
clinical outcomes with VKAs compared to rivaroxaban among patients with rheumatic heart disease and atrial
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fibrillation, which reinforces the current recommendations (Pradhan et al., 2024). Meanwhile, the development
of therapy monitoring tools (including artificial intelligence solutions) aims to improve INR control and the
safety of VKA treatment, underscoring their continuing importance in modern cardiology and hematology
(Romero-Arana et al., 2025).

Importance of INR Monitoring

Regular INR monitoring is essential due to the narrow therapeutic window of VKAs. Subtherapeutic
INR values increase the risk of thromboembolic complications, whereas supratherapeutic values carry a
heightened the risk of bleeding. Evidence in patients treated for venous thromboembolism shows that
maintaining an INR in the range of 2.0-3.0 reduces both recurrent thrombosis and bleeding events, while
deviations below or above this range significantly increase complications (Sae-Lim & Saelue, 2025).

The principal indicator of anticoagulation quality is the Time in Therapeutic Range (TTR), which is the
percentage of time the INR remains within the target range. Large registry studies consistently demonstrate
that TTR > 65-70% is associated with a significant reduction in ischemic stroke, major bleeding, intracranial
hemorrhage, and all-cause mortality (Dalmau Llorca et al., 2025; Krittayaphong et al., 2020). In the COOL-
AF registry, patients with TTR < 65% had over a threefold increase in stroke/TIA and exhibited significantly
higher rates of major bleeding and mortality (Krittayaphong et al., 2020). Similar conclusions are drawn from
more recent studies, in which a low TTR was associated with a higher incidence of bleeding, morbidity, and
healthcare costs, while achieving a TTR > 70% had a protective effect against intracranial bleeding,
gastrointestinal bleeding, and death (Addisu et al., 2025; Dalmau Llorca et al., 2025).

In clinical practice, this means that a tightly controlled INR and high TTR are crucial to maximize
anticoagulant efficacy while minimizing the risk of bleeding, and strategies to improve TTR are one of the
most important goals in optimizing VKA therapy.

Limitations of Standard INR Monitoring

The traditional model of INR monitoring based on clinic or laboratory visits has significant practical
limitations. For warfarin and other VK As, the narrow therapeutic window and high dose variability resulting
from drug interactions, diet, and comorbidities require frequent and rapid dose adjustments, which are difficult
to achieve in an outpatient setting with typical visit intervals of 4 weeks or longer (Holbrook et al., 2012).

In regions with limited access to care, such as western China, this results in low rates of therapeutic
range achievement (TTR) and an increased risk of bleeding complications, which is associated with, among
other things, unsystematic INR monitoring and difficult access to clinics (Shi et al., 2025). The laboratory-
based model requires an in-person visit, travel, venous blood sampling, and waiting for results, which generates
time costs, absenteeism, and particular difficulties for the elderly, those with limited mobility, or those living
far from the center. Studies show that barriers such as transportation, clinic opening hours, and poor mobility
significantly hinder regular testing (Van Beek et al., 2021).

Additionally, the AHRQ report emphasizes that if INR is not monitored frequently enough, necessary
dose adjustments are not implemented in a timely manner, leading to either excessive anticoagulation and
bleeding or insufficient antithrombotic protection (Agency for Healthcare Research and Quality, 2024). In
clinical practice, this means that a model based solely on episodic laboratory visits poorly responds to dynamic
INR variability and makes it difficult to maintain a high TTR.

INR Self-Monitoring

INR self-monitoring encompasses two basic care models: patient self-testing (PST) and patient self-
management (PSM). In the PST model, patients independently measure their INR at home using a portable
point-of-care testing (POCT) analyzer on a fingertip capillary blood sample and then report the result to their
physician or clinic, who then decides on any necessary dose adjustments for the vitamin K antagonist. In the
PSM model, patients, after undergoing structured training, not only test their INR using the POCT device but
also independently adjust their VKA dose according to established algorithms and target INR ranges, which
translates into greater autonomy and more frequent, usually weekly, measurements.

The difference between PST and PSM therefore primarily concerns the degree of responsibility for
therapeutic decisions: in PST, the dose is still determined by medical personnel, whereas in PSM, the patient
makes key decisions based on the INR result. Both data from long-term PSM cohorts, meta-analyses and
economic analyses after 2015 indicate that self-monitoring — especially in the PSM model — improves the
quality of anticoagulation control (higher TTR) and may reduce the incidence of thromboembolic
complications without a significant increase in the risk of major bleeding compared to standard outpatient care
(Corrochano et al., 2020; Dhippayom et al., 2024; Sharma et al., 2015; Van Beek et al., 2024). POCT
technology underpins both models: modern INR devices are small, portable analyzers that use a fingertip blood
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sample and deliver results typically in about a minute, reducing the need for venous sampling and laboratory
visits, and enabling rapid VKA dose adjustments and maintaining the INR within the therapeutic range (Refaai
et al., 2020; Riva et al., 2020; Thrombosis Canada, 2025).

1.2. Aims

The aim of this review is to assess the impact of patient self-testing (PST) and patient self-management
(PSM) on the incidence of thromboembolic and hemorrhagic complications in patients treated with vitamin K
antagonists. Additionally, to better understand the safety and effectiveness of these methods, the review also
includes an assessment of their impact on time in therapeutic range (TTR) and the overall safety of
anticoagulant therapy.

2. Materials and methods

This literature review of the impact of INR Self-Monitoring (Patient Self-Testing and Self-Management)
on the incidence of thrombotic and hemorrhagic complications in patients treated with Vitamin K antagonists
included three meta-analyses and one randomized controlled trial published between 2015 and 2025. Earlier
randomized trials were included indirectly through these meta-analyses, while observational studies and non-
randomized designs were excluded.

3. Results

3.1. Impact on thromboembolic risk

The strongest evidence regarding the impact of INR self-monitoring on the risk of thromboembolism
comes from the systematic review and Cochrane meta-analysis by Heneghan et al. (2016), which included 28
randomized clinical trials involving a total of 8,950 patients treated with vitamin K antagonists. Compared
with standard care, INR self-monitoring strategies, combined PST and PSM, were associated with a significant
42% reduction in the risk of thromboembolic events (RR = 0.58; 95% CI [0.45-0.75]). This effect was
consistent in sensitivity analyses and showed no significant heterogeneity between studies. The greatest risk
reduction was observed in the subgroup of patients using INR self-management (PSM), which the authors
attributed to the possibility of immediate response to INR values outside the therapeutic range and increased
monitoring frequency. In this group, the risk of thrombotic events was significantly lower than in a model in
which treatment decisions were made solely by healthcare professionals. Importantly, the observed protective
effect persisted regardless of patient age, indication for treatment (atrial fibrillation, mechanical valves,
thromboembolism), and duration of follow-up. The results of this meta-analysis therefore provide the highest
level of evidence that INR self-monitoring strategies not only do not compromise antithrombotic protection
but significantly improve it compared with standard care (Heneghan et al., 2016).

In a systematic review and network meta-analysis of 16 randomized clinical trials and 5895 participants,
Dhippayom et al. (2022) compared the impact of different INR self-monitoring strategies and standard care on
clinical outcomes, including the risk of thromboembolism. The analysis included seven self-monitoring models
classified according to the TIP (theme, intensity, provider) framework, of which the PSM/Flex/Pt (flexible
rhythm dose self-management) strategy demonstrated significant differences in thrombotic risk compared to
the other models. In detailed comparisons, the risk of thromboembolic events was lower in the PSM/Flex/Pt
group compared to both the PST/High/e-Health strategy (Relative Risk [RR]: 0.39; 95% CI [0.20-0.77]) and
usual care (RR: 0.38; 95% CI [0.17-0.88]), indicating a reduction of approximately 61-62% in the relative
risk of thromboembolic events in the flexible PSM model compared to this care framework. Network analysis
further demonstrated that other high-intensity PST or PSM strategies also performed similarly or better than
usual care, although the greatest relative risk reductions were observed with PSM/Flex/Pt. These RR values
confirm that INR self-monitoring may be associated with a significantly lower risk of thromboembolic
complications compared with traditional care, assuming regular INR measurements are performed at least once
a week or more frequently (Dhippayom et al., 2022).

The impact of telemedicine-assisted INR self-testing on the risk of thromboembolic complications was
assessed in a meta-analysis of randomized clinical trials by Huang et al. (2023), comprising 8 randomized
clinical trials involving a total of 3,853 patients treated with vitamin K antagonists. The analysis compared
telemedicine patient self-testing (PST) strategies with traditional outpatient care based on laboratory INR
measurements and treatment decisions made by medical staff. In a pooled analysis of thromboembolic events,
the authors demonstrated that telemedicine PST was associated with a lower relative risk of thrombotic events
compared with standard care, with an estimated relative risk of 0.72. The analysis included events such as
ischemic stroke, systemic embolism, and other clinically significant thrombotic events reported in the
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individual primary studies. This value was consistent across the majority of included studies, despite
differences in patient populations and care organization. The authors noted that the favorable effect direction
for thrombotic risk coincided with a marked improvement in INR control in the telemedicine PST groups,
suggesting a link between more frequent INR monitoring and reduced exposure to subtherapeutic values. The
results of the meta-analysis by Huang et al. therefore provide quantitative evidence that telemedicine-assisted
INR self-monitoring may be associated with a lower risk of thromboembolic complications compared with the
traditional outpatient care model (Huang et al., 2023).

A significant addition to the meta-analyses is the randomized clinical trial conducted by Brasen et al.
(2019), which assessed the safety of INR self-monitoring strategies with respect to the risk of thromboembolic
complications. In this study, 87 patients treated with warfarin were randomly assigned to either a treatment
self-management (PSM) group supported by a real-time telemedicine system or a self-monitoring INR (PST)
group, in which dosing decisions were made as part of routine clinical care. During the study, there were no
significant differences in the incidence of thromboembolic events between the PSM group and the PST group,
with the overall number of events being low in both arms. The lack of increased thrombotic risk in the PSM
group indicates that transferring responsibility for warfarin dose titration to patients, while maintaining
structured telemedicine monitoring, does not compromise antithrombotic protection. The authors emphasized
that the applied PSM model enabled a rapid response to abnormal INR values, which could prevent prolonged
exposure to subtherapeutic values — a key mechanism leading to thromboembolic events in vitamin K
antagonist therapy. These observations are consistent with the conclusions from larger meta-analyses, in which
self-monitoring strategies not only did not increase the thromboembolic risk, but in many analyses were
associated with its reduction (Brasen et al., 2019).

3.2. Impact on hemorrhagic complications

The safety of INR self-monitoring strategies in relation to bleeding risk was thoroughly analyzed in a
Cochrane systematic review and meta-analysis by Heneghan et al. (2016), which included 28 randomized
clinical trials involving 8,950 patients treated with vitamin K antagonists. In the analysis comparing the
combined INR self-monitoring strategies (PST and PSM) with standard care, there was no significant increase
in the risk of major bleeding, with a relative risk of major bleeding of RR = 0.95 (95% CI [0.80-1.12]). This
result indicates an at least equivalent bleeding safety profile for INR self-monitoring compared with the
traditional ambulatory INR monitoring model. In subgroup analyses, the authors found no significant
differences in the rates of major bleeding between PST and PSM strategies, although a trend toward fewer
bleeding events was observed in the PSM groups. Importantly, the risk of intracranial bleeding, the most
serious complication of vitamin K antagonist therapy, was significantly lower in the self-monitoring groups
compared with standard care (RR = 0.42; 95% CI [0.18-0.98]). This effect was of particular clinical
importance, as intracranial bleeding is associated with high mortality and permanent disability. The results by
Heneghan et al. therefore provide high-quality evidence that INR self-monitoring strategies are safe from a
hemorrhagic perspective and may even provide a significant clinical benefit compared with standard care for
intracranial bleeding (Heneghan et al., 2016).

The risk of bleeding complications depending on the INR self-monitoring model was assessed in a
systematic review and network meta-analysis by Dhippayom et al. (2022), which included 16 randomized
clinical trials involving 5,895 patients treated with vitamin K antagonists. The analysis compared standard care
with various patient self-testing (PST) and patient self-management (PSM) strategies. Compared to standard
care, none of the INR self-monitoring strategies demonstrated an increased relative risk of major bleeding. For
the PSM/Flex/Pt strategy, the relative risk of major bleeding compared with standard care was RR =0.86 (95%
CI [0.60-1.22]). Similarly, for the PST/High/e-Health strategy, the reported relative risk of bleeding was
similar to standard care (RR = 0.93; 95% CI [0.66—1.31]). In indirect analyses of comparisons between the
individual self-management strategies, no significant differences in the rate of bleeding complications were
observed; the relative risk of major bleeding between intensive PSM models and PST ranged from RR = 0.80
to 1.05, depending on the intensity of monitoring and the care structure. Network rankings showed that PSM
and PST strategies performed comparable or better than standard care in terms of bleeding safety, with no
signal of increased bleeding risk in any of the models assessed (Dhippayom et al., 2022).

The risk of bleeding complications in telemedicine-assisted INR self-testing strategies was assessed in
a meta-analysis of randomized clinical trials by Huang et al. (2023), comprising 8 randomized clinical trials
involving 3,853 patients treated with vitamin K antagonists. The analysis compared telemedicine patient self-
testing (PST) with the traditional outpatient INR monitoring model in terms of the incidence of major bleeding
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events. In a pooled analysis, the authors demonstrated that the relative risk of major bleeding in the
telemedicine PST groups was comparable to standard care, with an estimated RR of 1.02 (95% CI [0.85—
1.22]). Bleeding events reported in the analyzed studies included intracranial bleeding, gastrointestinal
bleeding, and other bleeding requiring hospitalization or medical intervention. Additionally, subgroup analysis
revealed no differences in bleeding rates between the different telemedicine PST models, regardless of the
frequency of INR measurements and the clinical surveillance structure. Bleeding events remained rare and
evenly distributed between the intervention and control groups. The numerical data presented by Huang et al.
indicate that the implementation of telemedicine INR self-monitoring strategies is not associated with an
increased risk of major bleeding complications compared with conventional vitamin K antagonist therapy
(Huang et al., 2023).

A randomized clinical trial by Brasen et al. (2019) also assessed the safety of INR self-monitoring
strategies with respect to the risk of bleeding complications. During approximately 10 months of follow-up,
no significant differences in major bleeding rates were observed between patients using telemedicine-assisted
self-management (PSM) and those using INR self-monitoring (PST) as part of routine clinical care. The
number of bleeding events was low in both study arms, and neither indicated an increased risk of bleeding
associated with autonomous warfarin titration. The authors emphasized that the PSM model allowed for the
rapid identification of INR values outside the therapeutic range and immediate response according to
established protocols, which may have limited the duration of exposure to excessive anticoagulation. Although
the small sample size limits the ability to demonstrate statistical differences in the rates of rare events, the
results of the Brasen et al. study provide direct, randomized data confirming that the PSM strategy is not
associated with an increased risk of bleeding complications compared with standard care. These findings are
consistent with the results of larger meta-analyses, in which INR self-monitoring strategies demonstrated at
least equivalent and often favorable bleeding safety profiles (Brasen et al., 2019).

3.3. Impact on TTR

The impact of INR self-monitoring strategies on the quality of anticoagulation management was
thoroughly assessed in a Cochrane systematic review and meta-analysis by Heneghan et al. (2016), which
included 28 randomized clinical trials involving 8,950 patients treated with vitamin K antagonists. The analysis
showed that both patient self-testing (PST) and patient self-management (PSM) led to significant
improvements in INR management compared to standard care, as evidenced by an increased percentage of
INR measurements within the therapeutic range and reduced INR variability. The greatest improvements in
anticoagulation quality were observed in PSM strategies in which patients independently adjusted their
medication dose based on established treatment algorithms. These groups reported a higher percentage of
measurements within the therapeutic range and more stable INR values over time, indicating more effective
maintenance of the target anticoagulation intensity. The authors emphasized that the improved INR control
was a consequence of more frequent testing, typically performed weekly or more frequently, and prompt
response to INR deviations, which limited the time spent outside the therapeutic range. Importantly, the
beneficial effect of self-monitoring on TTR was observed regardless of patient age, indication for treatment
(atrial fibrillation, mechanical valve prostheses, venous thromboembolism), and length of follow-up. Although
the meta-analysis included studies with varying definitions and methods of calculating TTR, the direction of
effect remained consistent across all comparative analyses. The results by Heneghan et al. therefore provide
high-quality evidence that INR self-monitoring strategies significantly improve the quality of vitamin K
antagonist therapy by extending the time spent within the therapeutic range compared to traditional outpatient
care (Heneghan et al., 2016).

The impact of different INR self-monitoring models on time in the therapeutic range was assessed in
detail in a systematic review and network meta-analysis by Dhippayom et al. (2022), which included 16
randomized clinical trials involving 5,895 patients treated with vitamin K antagonists. The analysis compared
standard care with several patient self-testing (PST) and patient self-management (PSM) strategies. Compared
to standard care, high-intensity PSM strategies (=1 INR test per week) were associated with the greatest
increase in TTR, with a mean difference of +7.67 percentage points. Telemedicine-assisted PST strategies also
demonstrated significant improvements in anticoagulation control, with a mean increase in TTR of +5.65
percentage points compared to standard outpatient care. Less intensive PST and PSM models had smaller, but
still positive, differences in TTR compared to standard care. Network ranking analysis showed that PSM with
high-intensity monitoring ranked highest in improving TTR, outperforming both PST and standard care
strategies. Differences between individual PST and PSM strategies indicated a clear effect relationship with
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the frequency of INR monitoring and the extent of patient self-management. These results confirm that the
highest TTR values are achieved in models based on regular, frequent INR monitoring and self-management,
as reflected in the direct and indirect comparisons included in the network analysis (Dhippayom et al., 2022).

The impact of telemedicine-assisted INR self-testing on time in the therapeutic range was assessed in a
meta-analysis of randomized clinical trials by Huang et al. (2023), which included 8 randomized clinical trials
involving 3,853 patients treated with vitamin K antagonists. The analysis compared telemedicine patient self-
testing (PST) strategies with conventional outpatient INR monitoring. The pooled analysis showed that
telemedicine PST was associated with a significantly longer time in the therapeutic range, with a mean increase
in TTR of 9.5 percentage points compared with standard care. This difference was the largest among the
quantitative outcomes analyzed in the study and remained consistent across most of the included trials, despite
differences in patient populations, target INR ranges, and care delivery models. Additionally, the authors noted
that in the studies included in the meta-analysis, telemedicine PST strategies were characterized by a higher
frequency of INR measurements, which translated into more stable INR values over time and a higher
percentage of measurements within the therapeutic range. The obtained quantitative data indicate that
combining self-measurement of INR with ongoing reporting of results to the medical team leads to a significant
improvement in TTR compared to the traditional outpatient care model (Huang et al., 2023).

In a randomized clinical trial by Brasen et al. (2019), the effect of two INR self-monitoring models on
the quality of anticoagulation, expressed as time spent in the therapeutic range (TTR). At approximately 10
months of follow-up, there were no statistically significant differences between groups in TTR or mean INR
values. Both strategies provided comparable and stable anticoagulation control. However, the authors
demonstrated significant organizational differences between the strategies: patients in the PSM group had more
frequent INR measurements and required significantly fewer contacts with healthcare professionals compared
with the PST group. This suggests that although PSM did not improve TTR to a degree exceeding PST in this
study, it achieved equivalent INR control with a lower burden on the healthcare system. Due to the small
sample size and high baseline INR control in both groups, the Brasen et al. study may not have been sensitive
enough to detect differences in TTR between the strategies. Nevertheless, it provides direct, randomized
evidence that PSM provides at least comparable quality of anticoagulation control to PST (Brasen et al., 2019).

4. Discussion

The results of the presented meta-analyses and randomized trials clearly indicate that INR self-
monitoring (including both patient self-testing (PST) and patient self-monitoring (PSM)) is an effective
strategy for improving the quality of anticoagulation therapy in patients treated with vitamin K antagonists.
The strongest evidence comes from the Cochrane meta-analysis by Heneghan et al. (2016), in which self-
monitoring was associated with a 42% reduction in the risk of thromboembolic events (RR = 0.58; 95% CI
[0.45-0.75]), while not increasing the risk of major bleeding (RR = 0.95; 95% CI [0.80—1.12]) and significantly
lowering the risk of intracranial bleeding (RR = 0.42; 95% CI [0.18—0.98]) (Heneghan et al., 2016). These data
confirm that improved INR control achieved through self-monitoring directly translates into clinically
important outcomes.

These observations are complemented by the results of a network meta-analysis by Dhippayom et al.
(2022), which allows for direct and indirect comparisons of different self-management models. In this analysis,
flexible PSM strategies demonstrated the lowest relative risk of thromboembolism compared with standard
care (RR=10.38;95% CI [0.17-0.88]) and intensive PST models (RR =0.39; 95% CI1[0.20-0.77]) (Dhippayom
et al., 2022). At the same time, none of the self-management strategies were associated with an increased risk
of major bleeding (RR for PSM vs. standard care =~ 0.86) (Dhippayom et al., 2022). These results indicate that
the degree of patient autonomy and the intensity of monitoring are key determinants of clinical effectiveness.

Another important element of this review is the inclusion of the randomized clinical trial by Brasen et
al. (2019), which provides contemporary, direct data comparing self-management strategies. In this study,
which included 87 patients followed for approximately 10 months, there was no difference in the rates of
thromboembolic events or major bleeding between the telemedicine-assisted PST group and the PST model
conducted as part of routine clinical care (Brasen et al., 2019). Importantly, despite greater patient autonomy
in the PSM group, clinical safety remained comparable to standard care, confirming that self-titration of
warfarin, with structured oversight, does not lead to compromised anticoagulation protection or increased
bleeding risk.

Regarding the quality of anticoagulation, all three sources of evidence show consistent results. The meta-
analysis by Huang et al. (2023) found the largest increase in TTR (+9.5 percentage points) in telemedicine-
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assisted PST models, while the analysis by Dhippayom et al. (2022) indicated a +7.67 percentage point increase
in TTR in intensive PST strategies. The Brasen et al. (2019) study found comparable TTR values between
PSM and PST, suggesting that in populations with high baseline INR control, the additional benefits of TTR
may be limited, although this does not compromise clinical safety.

Taken together, the available data indicate that INR self-monitoring not only improves surrogate
parameters (TTR) but also reduces the risk of thrombotic complications while maintaining a stable bleeding
profile. Differences between the individual strategies suggest that the greatest clinical benefits are achieved in
models with high monitoring intensity and a high degree of patient autonomy, particularly when supported by
telemedicine.

5. Conclusions

The available evidence clearly indicates that INR self-monitoring strategies, including both PST and
PSM, are effective and safe methods for optimizing vitamin K antagonist therapy. The most consistent and
reproducible effect observed in meta-analyses and randomized trials is a significant increase in time spent in
the therapeutic range (TTR), particularly in models with high-intensity monitoring and in telemedicine-assisted
interventions. Improved TTR translates into a reduced risk of thromboembolic events while maintaining a
favorable safety profile without increasing the risk of major bleeding.

These results suggest that self-monitoring should be considered a valuable component of contemporary
care models for patients requiring long-term warfarin therapy, particularly in populations capable of actively
participating in the monitoring process and with appropriate technological support. At the same time, the
implementation of these strategies should consider individual patient capabilities and the organizational
context to maximize clinical benefits while maintaining a high level of safety.

In summary, the available evidence supports the widespread implementation of PST and PSM strategies
as effective tools for improving the quality of anticoagulation, which, combined with the development of
telemedicine, have the potential to significantly improve the care of patients treated with vitamin K antagonists
and reduce the burden on the healthcare system.
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