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Abstract— Introduction: Point-of-care (POC) testing devices are increasingly being used in the clinical setting. They are convenient as the 

tests can be performed in a pharmacy-managed anticoagulation clinic to provide rapid results compared to the standard laboratory method. 

Therefore, we aimed to determine the agreement between international normalized ratio (INR) levels obtained from a POC device and 

laboratory instrument. Methods: In a pharmacist-managed anticoagulation clinic, 20 patients receiving oral warfarin therapy had their INR 

levels measured using a POC device, CoaguChek® XS. During the same visit, another blood sample was collected from each patient for INR 

measurement and sent to the laboratory in Hospital Raja Perempuan Zainab II, Kelantan. The linear relationship and agreement between INR 

levels obtained from both methods were analysed using Pearson’s correlation and Bland-Altman plot in Statistical Package for Social Sciences 

(SPSS) version 22.0. Results: The mean (SD) INR levels obtained from POC device and standard laboratory were 2.54 (1.30) and 2.27 (1.01), 

respectively. There was a significant strong positive correlation between the INR levels obtained from the two methods (r= 0.983, p<0.001). 

Also, a good agreement was observed between POC device and standard laboratory when INR levels were less than 3.0. Only 1 value at 6.94 

fell out of 95% CI. Conclusion: The INR levels obtained from the POC device were comparable to the standard laboratory especially in an 

outpatient setting. However, in cases whereby the INR levels are in the supratherapeutic range, it is recommended to carry out a laboratory test 

for result confirmation before any clinical interventions are done.  
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I. INTRODUCTION  

ral anticoagulation therapy has been a treatment for 
both prophylactic and therapeutic use in patients at 
risk of developing thromboembolism [1]. Warfarin is 
the most commonly used medication to treat and 

prevent blood clots by supressing the production of vitamin K 
clotting protein. The dose-response of warfarin among patients 
is highly variable and depends on interpatient differences. 
Patient-specific factors such as drug metabolism, the presence 
of a vitamin K enriched diet, genetics, quantity of vitamin K-
dependent clotting factors, concurrent disease states, binding 
proteins, concomitant drug interactions, laboratory testing, and 
medication adherence requires assessment when starting 
warfarin [1]–[3]. 
 Because of the variations in doses needed for each patient, 
warfarin requires frequent laboratory monitoring and dose 
adjustment to maintain blood levels within the target range 
called the international normalized ratio (INR) [1]–[3]. INR of 
2.0 to 3.0 is compulsory to make sure patient are in a narrow 
therapeutic index to prevent clot formation that would lead to 
blockage in veins inside the body. Patients taking oral 
anticoagulants are required to monitor INR to adjust the 
warfarin doses because these vary between patients [1]–[4]. 

The usual method for monitoring drug therapy is 
laboratory testing of blood obtained by venepuncture to 
measure the INR [5]. Another way of INR monitoring is by 
point-of-care (POC) testing; a test which is performed at or 

near where a patient is located [5] such as a pharmacy-
managed anticoagulation clinic [6]–[8]. It requires only a 
small sample of blood which is obtained by pricking the 
fingertip. The blood is placed on a test strip and inserted into a 
device called a coagulometer, which analyses the blood and 
displays the INR result [5]. 

Nowadays, POC testing is widely used due to its reliable 
and rapid results. Evidences have shown that POC testing is a 
convenient alternative for INR monitoring as it contributes to 
patient satisfaction with shorter waiting time. A potentially 
more timely clinical decision-making can improve the clinical 
outcomes and reduce health care resource use [9]–[12].  

However, there were some biases and disagreements 
reported when both methods were compared [11]. Curtis et al. 
(2012) emphasized the need for frequent and continuous 
evaluation of the INR results obtained from POC device 
especially during the change of equipment [9]. As for Sephel 
and Laposata (2013), they observed that even after a long 
period of correlation, transiently increased variation could be 
seen between both methods [13]. Hence, to ensure proper 
anticoagulation management, we aim to determine the 
agreement between INR levels obtained from a POC device 
and laboratory instrument in a pharmacy-managed 
anticoagulation clinic at a tertiary care hospital in Kelantan, 
Malaysia. 
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II. METHODS 

A. Design and Study Population 

A cross-sectional study was carried out from November 

2019 to November 2020. The inclusion criteria were adult 

patients attending the pharmacy-managed anticoagulation 

clinic, Hospital Raja Perempuan Zainab II with routine INR 

monitoring appointments. Those with INR levels of more than 

8.0, pregnant or admitted into the wards were excluded. 

B. Data Collection 

Eligible subjects were approached at the clinic and were 

invited to join the study. They were explained regarding the 

research procedure and were given ample time to read through 

the information sheet. Those who consented were recruited 

into the study using convenience sampling.  

The methods used were CoaguChek® XS as the POC 

device and standard laboratory. Two drops of capillary whole 

blood and three ml of venous blood were collected from each 

subject. The capillary blood testing was taken by finger prick 

method by the pharmacist-in-charge of the clinic and tested 

using the POC device. For the venous sampling, it was 

performed by a trained phlebotomist and samples were sent to 

the laboratory where INR testing was performed within two 

hours of sample collection. Both capillary blood testing using 

the POC device and standard laboratory method were 

determined in duplicate. The results were then collected and 

compiled in a data collection form along with demographic 

and clinical characteristics of the subjects. 

C. Statistical Analysis 

The data analysis was performed using Statistical Package 

for Social Sciences (SPSS) version 22.0. The demographic 

and clinical characteristics of the subjects were expressed in 

frequencies and percentages. Paired t-test was used to compare 

mean (SD) INR levels from both methods while Pearson’s 

correlation was used to measure their linear relationship. 

Finally, Bland-Altman plot was utilized to determine the 

agreement between INR levels obtained from a POC device 

and laboratory instrument. Statistical significance was set as p-

value of less than 0.05. 

D. Ethical Approval 

The study was registered with National Medical Research 

Register (NMRR), Ministry of Health Malaysia (NMRR-20-

1724-54465). The ethical approval was gained from Medical 

Research and Ethics Committee (MREC), Ministry of Health 

Malaysia while the permission to conduct it was obtained from 

the hospital director. All subjects were remained anonymous 

to ensure their confidentiality.  

III. RESULTS 

A. Demographic and Clinical Characteristics 

A total of 20 patients were recruited within the data 

collection period. They were mostly of the age less than 65 

years old (70.0%, n=14), female (55.0%, n=11) and Malay 

ethnicity (95.0%, n=19) (Table 1). 

 

 

TABLE 1. Demographic characteristics of study population.  

Characteristics n % 

Age (years old) 

   <65  
   >65 

 

14 
6 

 

70.0 
30.0 

Gender 

   Male 
   Female 

 

9 
11 

 

45.0 
55.0 

Ethnicity 

   Malay 
   Non-Malay 

 

19 
1 

 

95.0 
5.0 

 

As for the clinical characteristics, most of the patients were 

prescribed with lifelong warfarin for atrial fibrillation (90.0%, 

n=18) and had INR target of 2.0 to 3.0 (55.0%, n=11) (Table 

2). 

 
TABLE 2. Clinical characteristics of study population. 

Characteristics n % 

Indications 
   Atrial fibrillation 

   Others 

 
18 

2 

 
90.0 

10.0 

INR target 
   2.0 to 3.0 

   2.5 to 3.5 

   Others 

 
11 

7 

2 

 
55.0 

35.0 

10.0 
Duration of therapy 

   3 months 

   6 months 
   Lifelong 

 

1 

1 
18 

 

5.0 

5.0 
90.0 

 

B. INR Levels 

Comparison of Mean (SD) INR Levels 

The mean (SD) INR levels measured by POC device was 

2.54 (1.30) and 2.27 (1.01) using the standard laboratory 

instrument. There was a statistically significant difference 

between both mean (SD) INR levels (p=0.004) (Table 3). 

 
TABLE 3. Comparison of INR levels obtained from POC device and standard 

laboratory 

Methods Mean (SD) Mean difference (95% CI) p-value 

POC device 2.54 (1.30) 0.27 (0.10, 0.43) 0.004 
Laboratory 2.27 (1.01)   

Paired t-test 

 

Correlation of INR Levels 

Further analysis also showed that there was a statistically 

significant strong positive correlation between INR levels 

obtained by both methods (r= 0.983, p<0.001) (Table 4 and 

Figure 1). 

 
TABLE 4. Correlation between INR levels obtained from POC device and 

standard laboratory. 

Methods Laboratory p-value 

POC device 0.983 <0.001 

Pearson’s correlation 
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Figure 1. Scatter plot for INR levels obtained from POC device and standard 

laboratory 

 

Agreement between INR Levels 

There was a good agreement between INR levels obtained 

from POC device and standard laboratory. All INR levels 

which were less than 3.0 were within 95% CI. Only 1 value at 

6.94 fell out of the range (Figure 2). 

 

 
Figure 2. Bland-Altman plot for INR levels obtained from POC device and 

standard laboratory POC. 

IV. DISCUSSION 

Frequent blood monitoring of INR can be traumatic 

especially for patient who are in long term or lifelong warfarin 

therapy. The emergence of the advance technology such as 

POC have offers significant advantages for patient in terms of 

waiting time and its less invasive procedure for blood taking 

which would greatly influence the patient’s compliance to 

INR monitoring [8], [11], [14].  

The present study showed statistically significant 

difference between mean (SD) INR levels between POC and 

standard laboratory method. This finding the same as 

Donaldson et al. (2010) which reported the mean (SD) 

difference between INR levels between CoaguChek® XS Plus 

(POC device) and STAGO (laboratory instrument) was 0.27 

[6]. Other consistent study was Moiz et al. (2018) who noted 

that the mean (SD) difference between INR levels generated 

with CoaguChek XS Pro (POC device) and Sysmex CS 2000i 

(laboratory instrument) was 0.21 [15]. A more recent local 

study by Ab Aziz and Awang (2019) also observed a 

significant mean difference of 0.32 between INR obtained 

from the two methods. However, it is important to take into 

account that a statistically significant difference does not 

necessary mean clinically significant [16]. The clinician must 

consider the INR target for each patient as the dosing decision 

based on POC device may be different from that of laboratory 

instrument [15].  

Most previous literature described congruous correlation 

pattern between INR levels obtained by both methods. Our 

finding was in line with these results whereby they observed a 

significant strong relationship with Pearson’s correlation 

coefficient of more than 0.9. Such examples recorded were 

r=0.973 (p<0.001) by Moiz et al. (2018) in 200 measurements 

[15], r= 0.941 (p<0.001) by Ab. Aziz and Awang (2019) in 52 

patients [16], r=0.919 (p<0.001) by Palaparti et al. (2020) [17] 

in 205 samples. This showed that the overall relationship of 

the INR measurements between both methods was excellent 

and without significant deviation from linearity.  

Overall, the present study found that there was a good 

agreement between INR levels obtained from POC device and 

standard laboratory. Only 1 INR level measured at 6.94 fell 

out of 95% CI. Similar observations were made by a number 

of studies that showed an increased INR difference at higher 

INR values. Baker et al. (2017) conclude that the agreement 

was significantly less at high INR levels or supratherapeutic 

range [18]. Ab Aziz and Awang (2019) reported there was a 

good agreement and consistency between both methods when 

INR levels were less than 3.5. As the INR levels went up, the 

discrepancies between the measurements became bigger and 

most values fell out of 95% CI [16]. In another investigation, 

Bhat et al., (2020) noted a drift in POC testing when INR 

values were greater than or equal to 4.7 [12]. Biedermann et 

al. (2015) observed at INR levels of more than 4.0, the 

difference between the paired measurements was the highest 

(47.8%) [19]. This indicated that INR levels obtained from 

POC device are usually comparable to that of conventional 

laboratory testing except when in supratherapeutic INR range. 

Even though the accuracy of POC device might be biased 

in high INR as the previous studies demonstrated, Lawrie et 

al. (2012) found that POC device was accurate even in high 

INR results. They suggested that it was probably unnecessary 

to perform laboratory INR for clinical decisions in patients 

with INR range of 4.5 to 8.0 [20]. Having said that, in view of 

the discrepancies reported in previous study, in clinical 

practice it is perhaps safer to complete a laboratory test in high 

INR values for result confirmation. 
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A limitation of this study was the small sample size 

achieved in a single center setting. Only one INR value was 

above 3.0. Therefore, the findings should be interpreted 

cautiously as it did not represent the whole study population. 

Future investigation with equal randomization in different INR 

ranges is warranted to portray the actual performance of POC 

device. 

V. CONCLUSION 

With the strong, positive correlation and good agreement, it 

can be concluded that the INR levels obtained from the POC 

device were comparable to the standard laboratory especially 

in an outpatient setting. However, in cases whereby the INR 

levels are in the supratherapeutic range, it is recommended to 

carry out a laboratory test for result confirmation before any 

clinical interventions are done. 

CONFLICT OF INTEREST 

The authors declare that they do not have any personal or 

financial conflict of interest that may arise from the research 

publication. 

ACKNOWLEDGMENT 

We would like to thank the Director General of Health 

Malaysia for his permission to publish this paper. No external 

organization was involved in this research project as it was 

self-funded by the authors. 

REFERENCES 

[1] D. M. Witt, N. P. Clark, S. Kaatz, T. Schnurr, and J. E. Ansell, 

“Guidance for the practical management of warfarin therapy in the 

treatment of venous thromboembolism,” J. Thromb. Thrombolysis, vol. 
41, no. 1, pp. 187–205, Jan. 2016, doi: 10.1007/s11239-015-1319-y. 

[2] R. K. Wadhera, C. E. Russell, and G. Piazza, “Warfarin versus novel 

oral anticoagulants,” Circulation, vol. 130, no. 22, pp. e191–e193, Nov. 
2014, doi: 10.1161/CIRCULATIONAHA.114.010426. 

[3] S. Patel, R. Singh, C. V. Preuss, and N. Patel, Warfarin. StatPearls 

Publishing, 2022. 
[4] J. Turka, “Understanding international normalized ratio (INR),” Nursing 

(Lond)., vol. 35, no. 8, pp. 18–19, Aug. 2005, doi: 10.1097/00152193-

200508000-00012. 
[5] E. T. Murray, D. A. Fitzmaurice, and D. McCahon, “Point of care 

testing for INR monitoring: where are we now?,” Br. J. Haematol., vol. 

127, no. 4, pp. 373–378, Nov. 2004, doi: 10.1111/j.1365-
2141.2004.05154.x. 

[6] M. Donaldson, J. Sullivan, and A. Norbeck, “Comparison of 

international normalized ratios provided by two point-of-care devices 
and laboratory-based venipuncture in a pharmacist-managed 

anticoagulation clinic,” Am. J. Heal. Pharm., vol. 67, no. 19, pp. 1616–

1622, Oct. 2010, doi: 10.2146/ajhp100096. 
[7] L. Challen et al., “Impact of point-of-care implementation in 

pharmacist-run anticoagulation clinics within a community-owned 

health system: A two-year retrospective analysis,” Hosp. Pharm., vol. 
50, no. 9, pp. 783–788, Oct. 2015, doi: 10.1310/hpj5009-783. 

[8] Medical Advisory Secretariat, “Point-of-care international normalized 

ratio (INR) monitoring devices for patients on long-term oral 

anticoagulation therapy: An evidence-based analysis,” Ont Heal. 
Technol Assess Ser, vol. 9, no. 12, pp. 1–114, 2009, Accessed: Aug. 24, 

2022. [Online]. Available: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3377545/. 
[9] C. M. Curtis, G. J. Kost, R. F. Louie, R. J. Sonu, E. B. Ammirati, and S. 

L. Sumner, “Point-of-care hematology and coagulation testing in 

primary, rural emergency, and disaster care scenarios,” Point Care J. 
Near-Patient Test. Technol., vol. 11, no. 2, pp. 140–145, Jun. 2012, doi: 

10.1097/POC.0b013e31825a9d3a. 

[10] G. Kasinathan et al., “Efficacy of point-of-care testing (POCT) in 
reducing total waiting time at warfarin clinic of a district hospital: A 

cohort study,” OALib, vol. 03, no. 02, pp. 1–7, 2016, doi: 

10.4236/oalib.1102428. 

[11] G. D. Wool, “Benefits and pitfalls of point-of-care coagulation testing 

for anticoagulation management,” Am. J. Clin. Pathol., vol. 151, no. 1, 

pp. 1–17, Jan. 2019, doi: 10.1093/ajcp/aqy087. 
[12] M. Bhat et al., “Efficacy of point-of-care for INR testing compared to 

standard laboratory methods at a tertiary care hospital in Saudi Arabia,” 
Glob. J. Qual. Saf. Healthc., vol. 3, no. 3, pp. 98–104, Aug. 2020, doi: 

10.36401/JQSH-19-36. 

[13] G. C. Sephel and M. Laposata, “Transiently increased variation between 
a point-of-care and laboratory INR method after a long period of 

correlation,” Am. J. Clin. Pathol., vol. 140, no. 4, pp. 475–486, Oct. 

2013, doi: 10.1309/AJCPE2Z0EVFETJQT. 
[14] A. H. K. Alserr et al., “A comparison of international normalized ratio 

results by point-of-care device and clinical laboratory analyzers in a 

vascular surgery department,” Point Care J. Near-Patient Test. Technol., 
vol. 19, no. 4, pp. 106–111, Dec. 2020, doi: 

10.1097/POC.0000000000000213. 

[15] B. Moiz, A. Rashid, M. Hasan, L. Jafri, and A. Raheem, “Prospective 

Comparison of Point-of-Care Device and Standard Analyzer for 

Monitoring of International Normalized Ratio in Outpatient Oral 

Anticoagulant Clinic,” Clin. Appl. Thromb., vol. 24, no. 7, pp. 1153–
1158, 2018, doi: 10.1177/1076029617752247. 

[16] M. I. Ab Aziz and H. Awang, “Comparison of international normalized 

ratio (INR) between point of care device Coaguchek® XS versus 
standard laboratory instrument among patients receiving warfarin 

therapy in a northeast state of Peninsular Malaysia,” Int. J. Public Heal. 

Clin. Sci., vol. 6, no. 2, pp. 215–228, Apr. 2019, doi: 
10.32827/ijphcs.6.2.215. 

[17] R. Palaparti et al., “Comparison of prothrombin time and international 

normalized ratio values using point-of-care system with a standardized 
laboratory method in patients on long-term oral anticoagulation – A 

prospective study,” J. Clin. Prev. Cardiol., vol. 9, no. 1, p. 25, 2020, doi: 

10.4103/JCPC.JCPC_55_19. 
[18] W. S. Baker et al., “POCT PT INR — Is it adequate for patient care? A 

comparison of the Roche Coaguchek XS vs. Stago Star vs. Siemens BCS 

in patients routinely seen in an anticoagulation clinic,” Clin. Chim. Acta, 
vol. 472, pp. 139–145, Sep. 2017, doi: 10.1016/j.cca.2017.07.027. 

[19] J. S. Biedermann et al., “Agreement between Coaguchek XS and STA-R 

Evolution (Hepato Quick) INR results depends on the level of INR,” 
Thromb. Res., vol. 136, no. 3, pp. 652–657, 2015, doi: 

10.1016/j.thromres.2015.06.037. 

[20] A. S. Lawrie et al., “The clinical significance of differences between 
point-of-care and laboratory INR methods in over-anticoagulated 

patients,” Thromb. Res., vol. 130, no. 1, pp. 110–114, Jul. 2012, doi: 

10.1016/j.thromres.2011.08.027. 

 

 

 


