


Optimizing the Laboratory’s Role in Monitoring Vitamin K Antagonist Therapy: A Cross-Analysis at Hôpital de la Paix de Ziguinchor



Abstract 
Introduction : Vitamin K Antagonist are large molecular therapy used in Africa to treat cardiologic illnesses .The aim of this study was  to evaluate how the clinical laboratory supports safe and effective monitoring of patients on vitamin K antagonists (VKAs) at Hôpital de la Paix de Ziguinchor (HPZ), through analysis of patient INR profiles, laboratory practices, and prescribers’ perceptions.

Methodology: We have conducted a Monocentric, mixed-methods, descriptive cross-sectional study from November 2024 to January 2025 in the cardiologic ward and the laboratory of the HPZ, Ziguinchor.
Thirty-three cardiology outpatients on VKAs (N=33) were analyzed with two sequential INR measurements (INR1, INR2). Associations with demographics used χ² tests; paired comparisons used paired t-test and Wilcoxon. Structured questionnaires captured laboratory staff practices (n=9) and prescribers’ perceptions (n=13).

Results: The cohort was predominantly female (57.6%); mean age 50.0 ± 20.0 years (16–79). From INR1 to INR2, subtherapeutic results decreased (14→10) while supratherapeutic results increased (11→16). No significant paired difference overall (t-test p=0.2403; Wilcoxon p=0.3775). No significant association between INR status and age group or sex (p=0.0737; p=0.0934). Staff highlighted pre-analytical vulnerabilities and training needs; clinicians prioritized faster reporting, clearer interpretive comments, and stronger communication.

Conclusion: VKA monitoring at HPZ shows partial short-term stabilization with a sizeable supratherapeutic fraction. Priorities include tightening pre-analytical control, securing reagent/analyzer continuity, upskilling staff, and codifying rapid critical-INR communication to increase time in therapeutic range and reduce adverse events.
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1. INTRODUCTION
Vitamin K antagonists (VKAs) remain at the core of prevention of thromboembolism but have a narrow therapeutic window that requires structured monitoring to maintain hemorrhagic and thrombotic risks at a minimum [1]. Standardization of prothrombin time (PT) with the International Normalized Ratio (INR) permits dose titration on a regular basis between thromboplastins and laboratories [1,2]. International guidelines emphasize pre-analytical integrity (citrate concentration and fill ratio, mixing, avoidance of hemolysis, transport time/temperature) and robust verification/standardization of PT/INR methods [1,2]. At the same time, post-analytical specifications of ISO 15189:2022 and CLSI GP47 mandate documented, urgent notification of results of critical-risk tests, e.g. INRs of impending bleeding risk [3,4].

 Throughout sub-Saharan Africa, anticoagulation quality—with many using time in therapeutic range (TTR) as a proxy—is often below that of European and US care due to access, supply chain, and organizational limitations [5]. Stability may additionally depend on drug choice: acenocoumarol, very commonly prescribed within Francophone regions, has a smaller half-life than warfarin, making it prone to more rapid fluctuations of INR if clinic processes and patient self-monitoring are not closely regulated [6,7]. Against this background, we examined patient-level outcomes of INR, laboratory processes, and prescriber attitudes at HPZ to find pragmatic points of leverage for change.
2. MATERIALS AND METHODS
2.1 Study design, setting, and period
Study Design

 It was a cross-sectional descriptive study employing the mixed-methods approach (quantitative and qualitative data gathering and data interpretation). This kind of design was employed with the intention of generating a full picture of the practice of the laboratory and research subject-related problems within the period of observation.
Study Setting
 It was finalized at Clinical Laboratory of Hôpital de la Paix de Ziguinchor (HPZ), a southern Senegalese regional tertiary care center. HPZ lab is the center of diagnostic services of the Ziguinchor region on the basis of biochemistry, microbiology, and hematology and is a teaching institution of Université Assane Seck de Ziguinchor (UASZ).
Study Period
 Data collection and field observation were done within a period of three months, from November 2024 until January 2025. This was chosen because it would provide sufficient data saturation and yet encompass both regular and peak activity periods of the laboratory.
2.2 Participants and eligibility
Inclusion criteria : 
Cardiology outpatients on VKA therapy monitored by HPZ during the period time of the study were included inside it. 
The patients included were those who underwent VKA therapy. Only this was mentioned in the medical record.
Exclusion criteria:  
Inpatients or individuals not biologically monitored by HPZ were not included in the study.
2.3 Data sources and variables
Clinical–biological dataset: two sequential INR values (INR1, INR2) per patient; age and sex; VKA molecule.
Laboratory practices: structured questionnaire for laboratory staff (n=9) covering pre-analytical handling, internal quality control (IQC), equipment/stock continuity, training, and SOPs.
Prescribers’ perceptions: structured questionnaire for clinicians (n=13) addressing reliability, timeliness, communication, and priority improvements.
2.4 Laboratory methods and quality framework
PT/INR was measured on semi-automated coagulation analyzers under internal SOPs aligned with good practice for pre-analytical integrity and method performance. Critical-risk results triggered urgent communication to prescribers per local policy.
2.5 Statistical analysis
Descriptive statistics summarized demographics and INR distributions. χ² tests evaluated associations between INR status (subtherapeutic/target/supratherapeutic) and demographics. Paired t-test and Wilcoxon signed-rank test assessed INR1→INR2 changes (two-sided α=0.05).
3. RESULTS & DISCUSSION
I. Sociodemographic characteristics
Table 1. Sociodemographic profile
	Indicators
	Values

	Total sample
	33

	Mean age ± SD
	50.0 ± 20.0 years

	Median age (IQR)
	57 (38) years

	Age min – max
	16 – 79 years

	Sex ratio (M/F)
	14 / 19

	Most used VKA
	SINTROM (acenocoumarol)



The sociodemographic profile shows a predominance of women (57.6%), consistent with several African cohorts in which women make greater use of cardiology services. The median age of 57 years reflects a mature population exposed to cardiovascular conditions requiring VKAs. The predominant use of acenocoumarol. confirms a regional preference driven by availability and lower cost relative to warfarin; however, its shorter half-life may contribute to greater INR variability.
II. Biological profiles (INR1 vs INR2)
Table 2. INR1 and INR2 profiles
	Indicator
	INR1
	INR2

	Mean ± SD
	2.78 ± 1.40
	3.06 ± 1.39

	Median (IQR)
	2.43 (1.34)
	2.79 (1.49)

	Min – Max
	1.10 – 6.27
	1.00 – 6.25

	Subtherapeutic
	14 patients
	10 patients

	Target
	8 patients
	7 patients

	Supratherapeutic
	11 patients
	16 patients



There is a reduction in the number of patients in the sub-therapeutic range (from 14 to 10), suggesting partial improvement in management. However, the rise in supra-therapeutic results (from 11 to 16, affecting nearly 48% of patients) indicates an increased risk of haemorrhagic complications. The slight upward shift in the median (from 2.43 to 2.79) suggests a tendency towards higher levels of anticoagulation, probably influenced by dose adjustments, but without overall stabilisation.


III. Cross-tabulations (age, sex vs INR2 status)
Table 3. Association tests
	Crossed variables
	Test
	p-value

	Age group vs INR2 status
	χ²
	0.0737

	Sex vs INR2 status
	χ²
	0.0934


Associations between INR2 status and age or sex do not reach statistical significance, although near-threshold p values (0.0737 and 0.0934) suggest a possible trend. This implies that larger samples might reveal genuine demographic effects on anticoagulation control. The absence of detection here may be explained by the small sample size and the intrinsic variability of INR.

IV. Paired comparison (INR1 vs INR2)
Table 4. Paired tests

	Statistical test
	p-value

	Paired Student t-test
	0.2403

	Wilcoxon signed-rank test
	0.3775



The lack of a significant difference between INR1 and INR2 (paired t-test p=0.24; Wilcoxon p=0.38) indicates that observed changes did not meet a robust statistical threshold. Nevertheless, the clinical variability remains pertinent, as individual excursions can translate into haemorrhagic or thromboembolic risks that aggregate statistical tests may fail to capture.







V. Laboratory staff survey (Annex)
Table 5. Closed questions—laboratory staff

	Question (n)
	Options
	% (n)

	Specific training received? (9)
	Yes / No
	55.6 (5) / 44.4 (4)

	Equipment adequate for INR? (8)
	Yes
	100.0 (8)

	Standardized INR protocol? (9)
	Yes / No
	88.9 (8) / 11.1 (1)

	Regular QC? (9)
	Yes / No
	77.8 (7) / 22.2 (2)

	Results always reliable? (9)
	Yes / No / Unsure
	77.8 (7) / 11.1 (1) / 11.1 (1)

	Turnaround time respected? (9)
	Yes / No
	88.9 (8) / 11.1 (1)




The closed-question responses reveal notable strengths alongside remediable gaps. All respondents with direct experience of the platform judged equipment adequate for INR testing (100.0%, 8/8), and turnaround time was generally respected (88.9%, 8/9). A standardised INR protocol was reported by most staff (88.9%, 8/9), and regular internal quality control (IQC) was present in the majority (77.8%, 7/9). However, specific training had not reached nearly half of the team (55.6% trained, 5/9 vs 44.4% untrained, 4/9), and a subset expressed uncertainty about result reliability(11.1%, 1/9), with a further 11.1% judging results not always reliable. Collectively, these data support targeted competency refreshers and full IQC coverage to reduce preventable analytical variance. 

Table 6: Open questions—top themes (laboratory staff)
	Theme
	Mentions
	% of respondents

	Pre-analytical phase (collection/handling)
	4
	44%

	Manual pipetting
	3
	33%

	Misinterpreted automated alerts
	2
	22%



We have noted that Pre-analytical risks dominate and  consumable/logistics constraints also were noted.
VI. Clinician survey (Annex)
Table 7. Closed questions—clinicians (n=13)

	Question
	Options
	n
	%

	Regular collaboration with laboratory?
	Yes / No
	11 / 2
	84.6 / 15.4

	INR turnaround satisfactory?
	Yes / No
	8 / 5
	61.5 / 38.5

	Receive interpretive comments?
	Yes / No
	3 / 10
	23.1 / 76.9

	Labo–clinician communication effective?
	Yes / No
	7 / 6
	53.9 / 46.1

	Complications linked to delay/error?
	Yes / No
	6 / 7
	46.2 / 53.8



Themes from free-text responses converge on pre-analytical vulnerabilities—notably the collection/handling phase (mentioned by 44% of staff, 4/9)—and the persistence of manual pipetting (33%, 3/9), both of which are established sources of imprecision in coagulation testing. In addition, misinterpreted automated alerts were cited by 22% (2/9), suggesting a need for refresher training on instrument flag interpretation and escalation criteria. Addressing these issues through checklists, competency assessments, and clearer alert pathways is likely to yield rapid, durable gains in INR stability. 












Table 8. Open questions—clinicians
	Theme
	Mentions
	% of respondents

	Improve labo–clinician communication
	5
	38%

	Faster result delivery
	4
	31%

	Clearer reliability/interpretation
	3
	23%

	

	
	



Open-ended priorities are operational and actionable: improved labo–clinician communication (38%, 5/13), faster result delivery (31%, 4/13), and clearer statements on analytical reliability/interpretation (23%, 3/13). Together with the closed-question findings, these themes delineate a focused improvement agenda centred on communication timeliness, interpretative reporting, and transparency about analytical limitations.


4.DISCUSSION 


This study reveals critical areas for improvement in the monitoring of vitamin K antagonist (VKA) therapy at Hôpital de la Paix de Ziguinchor (HPZ). Although a modest decrease in subtherapeutic INR values was observed—from 14 to 10 patients—this was accompanied by a concerning rise in supratherapeutic values, which increased from 11 to 16 patients (Table 2). Nearly 48.5% of patients had INR values above the therapeutic range at the second visit, substantially heightening the risk of bleeding complications. Despite these changes, statistical analysis showed no significant paired difference between INR1 and INR2 (paired t-test p = 0.2403; Wilcoxon p = 0.3775; Table 4), indicating that mean INR values may not fully reflect the clinical risks posed by INR variability.
These findings mirror those in global literature. In the ORBIT-AF registry in the United States, the proportion of time above the therapeutic INR range rarely exceeds 10%, and TTR averages 65–68% [9]. In contrast, our findings suggest TTR may be substantially lower, even though it was not directly calculated due to only two time points. Similarly, in Sweden’s AuriculA program, TTR routinely exceeds 75%, supported by computerized decision support, systematic recall scheduling, and structured lab–clinician communication [14,15]. These data suggest that the supratherapeutic proportion observed at HPZ is alarmingly high and reflective of broader systemic gaps in INR monitoring and response.
The clinical significance of the INR variability observed at HPZ is further emphasized by the non-negligible shift in the median INR from 2.43 to 2.79 (Table 2). Although this upward shift appears modest, it likely reflects cumulative dose titration, possibly in response to prior subtherapeutic values. However, without standardized dosing algorithms or real-time feedback loops between laboratory and prescriber, such adjustments may lead to overcorrection and loss of therapeutic control.
Demographic analysis failed to identify statistically significant associations between INR status and age group (p = 0.0737) or sex (p = 0.0934), although both results approached threshold significance (Table 3). This aligns with other studies showing mixed evidence on the impact of age and sex on INR stability. While some global data suggest that elderly patients may experience more INR fluctuations due to altered pharmacokinetics or polypharmacy [11], our limited sample size (N=33) likely constrained the power to detect such associations. Nonetheless, the observed trends merit further exploration in larger cohorts.
International comparisons again highlight disparities. In Chinese AF cohorts, median TTR is around 52%, improving only when lower INR targets (1.6–2.6) are used [17]. In Malaysia, outpatient clinic studies report mean TTRs of ~47%, while Thai multi-center data show in-range proportions between 22–32%, and clinic-level TTRs between 31–56% [18–20]. These figures are comparable to the profile seen at HPZ, reinforcing the notion that INR instability is a common challenge in many parts of Asia and Africa where structured anticoagulation support is lacking.
The choice of VKA therapy—primarily acenocoumarol in our setting (Table 1)—further compounds variability. Acenocoumarol has a shorter half-life (8–11 hours) than warfarin (36–42 hours), rendering it more sensitive to changes in diet, illness, or drug interactions [21,22]. This pharmacokinetic profile demands shorter recall intervals and algorithm-driven dose adjustments, both of which were lacking in our setting. Meta-analyses confirm that patients on acenocoumarol have more frequent INR excursions and poorer TTR than those on warfarin [23,24].
Beyond pharmacology, laboratory processes at HPZ displayed several deficiencies that likely contributed to the observed variability. According to the staff survey (Table 5), 44.4% of personnel had no specific training in coagulation testing, and 22.2% did not conduct regular internal quality control (IQC). One-third of staff continued to use manual pipetting, and 22% reported difficulties interpreting automated analyzer alerts. These issues resonate with guidance from ICSH and ISO 15189:2022, which emphasize strict control over pre-analytical variables—including citrate fill ratio, mixing, and prompt transport—to minimize INR error [1,3,25].
Table 5 also highlights that while most staff found the equipment adequate (100%) and reported using standardized protocols (88.9%), there were gaps in training coverage and confidence in result reliability. Notably, 22% of respondents were either unsure or did not consider results consistently reliable, indicating a risk of undetected analytical variability.
Clinician feedback further supports the operational challenges faced at HPZ. According to Table 7, only 23.1% of clinicians received interpretive comments with INR reports, and 38.5% judged turnaround times unsatisfactory. Nearly 47% stated that lab–clinician communication was ineffective, and several reported complications attributable to delayed or unclear results. These findings are consistent with open-ended responses (Table 8), where clinicians called for improved communication, faster result delivery, and clearer interpretive reporting.
The absence of a formal critical-INR escalation pathway is another key vulnerability. ISO and CLSI standards require that results above defined thresholds—e.g., INR >4.5 or >5.0—be urgently communicated with read-back documentation [4,26,27]. Yet at HPZ, critical values appear to be conveyed informally and inconsistently. Given that nearly half of patients had supratherapeutic INRs (Table 2), this represents a systemic safety concern.
Globally, structured alert systems—via phone, SMS, or EHR dashboards—are increasingly used to reduce time-to-intervention for critical lab results [30–32]. Their absence at HPZ creates unnecessary delays and heightens the risk of hemorrhagic events. Moreover, the lack of computerized dosing support deprives clinicians of standardized, evidence-based tools. Sweden’s AuriculA program has demonstrated that such tools not only increase TTR but also reduce bleeding and stroke rates [14,15]. Thailand’s multi-center trials also showed that simplified INR-guided warfarin dosing improved stability in decentralized clinics [20].
Patient education and recall strategy represent further leverage points. Studies show that structured education on vitamin K intake, missed dose rules, and drug–food interactions significantly improves TTR and reduces adverse events [33,34]. At HPZ, patient education is informal and unstandardized, contributing to inconsistent self-management. Bundled interventions—e.g., counseling + SMS reminders + printed handouts—have proven effective in similar LMIC settings [35].
Additionally, risk stratification tools such as SAMe-TT₂R₂ have shown utility in predicting which patients are likely to achieve poor INR control. Patients with higher scores require closer follow-up, potentially paired with digital dosing support [36,37]. Implementing such tools at HPZ could help personalize monitoring intervals and reduce overburdening of lab services.
The implications are not only clinical but economic. Poor INR control increases healthcare costs due to frequent lab visits, dose adjustments, and emergency care for bleeding or thrombosis. Cost-effectiveness analyses show that investing in basic laboratory quality management, critical-value alerts, and structured education leads to reductions in preventable complications and overall system costs [38,39].


5. CONCLUSION
At HPZ, VKA control shows partial short-interval stabilization but a substantial over-anticoagulated fraction at follow-up. Combining pre-/post-analytical quality measures, algorithmic dosing with risk-stratified recall, and structured patient education should improve safety and increase time in therapeutic range.
6. RECOMMENDATIONS
- Enforce pre-analytical checklists and verification (ISI/MNPT, lot-to-lot).
- Define and operationalize critical-INR thresholds with read-back documentation and quarterly audits.
- Deploy computer-assisted dosing and SAMe-TT₂R₂–guided follow-up.
- Start TTR (Rosendaal) dashboards with monthly feedback to clinicians and lab staff (target ≥65–70% TTR).
- Implement standardized patient education and SMS reminders for INR checks.
7. LIMITATIONS
Monocentric design and small sample limit power for subgroup effects (Table 3) and generalizability. Short follow-up with only two INRs; TTR—the preferred quality metric—was not computed. Potential information bias from self-reported surveys (Tables 5–8); lack of granular data on diet, adherence, comorbidities, and interacting drugs. No adjudicated outcomes (bleeding/thromboembolism) were collected.
8. FUTURE RESEARCH
- Prospective, multicenter evaluation with TTR (Rosendaal), bleeding/thromboembolic outcomes, and costs.
- Comparative trials of algorithmic dosing vs usual care and with/without critical-INR alerting.
- Implementation trials of risk-stratified recall and patient education bundles, measuring TTR and events.
- Comparative pharmacology (acenocoumarol vs warfarin) on INR stability and visit burden.
- Quality management studies on sustainability of ICSH/ISO/CLSI compliance in resource-constrained labs.

Consent
All the patients, clinicians and laboratory diagnosis team members were aware of the study and gave their consent to participate in the study
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