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7.11 ABSTRACT 

Backgroundd Coumarin therapy is an effective modality for prevention and treatment of 

thromboembolicc events. However, the effect of coumarins is variable, necessitating frequent 

laboratoryy control and dose-adjustments. Recently, small devices have become available, 

allowingg the determination of the INR from capillary blood. Application of these devices may 

resultt in self-monitoring of anticoagulation and self-adjustment of the coumarin dose, potentially 

associatedd with improved control of anticoagulation. The aim of this study was to assess the 

feasibilityy of self-management of oral anticoagulant therapy. 

Methodss Patients (n=15) with a chronic indication for oral anticoagulation were educated to 

performm self-measurement of the INR and to adjust their coumarin dose. Hereafter, for a period 

off  6 weeks patients determined their INR at weekly intervals and proposed a dosing scheme for 

thee next period. At the same day of self-measurement, the INR was determined and a dosing 

schemee was established at the anticoagulation clinic. 

Resultss All patients were able to perform home monitoring of the INR. Mean difference 

betweenn home INR and anticoagulation clinic INR was 12.3% (SD 10.1). Home INR was less 

thann 0.5 different from anticoagulation clinic INR in 80% of measurements and less than 1.0 

differentt in 95% of the measurements. The correlation coefficient (r) was 0.845. The agreement 

wass 0.64. A difference of >10% in the dose of anticoagulant agents between the self-devised 

schemee and the clinic scheme was found in 13.3% and a difference of >15% between the 

schemess was present in 1.8% of the occasions. 

Conclusionn Home monitoring of INR is feasible with an acceptable reliability of the test result 

ass compared with an anticoagulation clinic setting. After proper education, patients are in 

principlee able to self-manage their anticoagulation dose. 
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7.22 INTRODUCTION 

Patientss with indications like mechanical heart valve prostheses, atrial fibrillation or familial 

thrombophiliaa need to be treated with oral anticoagulants for a prolonged period of time, even 

life-long.. Oral anticoagulant agents usually are coumarin derivatives, which act as vitamin K 

antagonists.. However, the biological effect of these compounds, i.e. inhibition of the synthesis 

off  vitamin K-dependent coagulation factors, is extremely variable, both inter- and intra-

individually(,).. Factors influencing this variability include fluctuating inconstant dietary 

vitaminn K intake and variable binding to plasma proteins. To prevent under-treatment or 

overdosing,, frequent laboratory control (by means of the prothrombin time, expressed as 

Internationall  Normalized Ratio, INR) of the intensity of anticoagulation and dose-adjustments 

aree necessary. However, even in specialized anticoagulation clinics like the Thrombosis 

Servicee in the Netherlands, the intensity of anticoagulation is for a large number of patients 

oftenn not in the therapeutic range(2"5). Besides, the visits to the anticoagulation laboratory are -

forr some patients- inconvenient. Recently, easy and reliable devices have become available, 

allowingg the determination of the prothrombin time (expressed as INR) from capillary blood. 

Thesee devices provide self-monitoring of anticoagulation and self-adjustment of the coumarin 

dose,, potentially associated with improved control of anticoagulation^"7'8'910'. Previous 

studiess described the accuracy and reliability of the CoaguChek® system under laboratory 

conditionss " \ This study assessed the feasibility of self-monitoring and self-dosing by 

patientss in the home situation and established the concordance between self-measured INR 

andd the INR measured at a specialized anticoagulation clinic (Thrombosis Service) as well as 

betweenn self-dosing of oral anticoagulants and physician-based dosing of oral anticoagulants. 

7.33 PATIENTS AND METHODS 

7.3.11 Patients 

Fifteenn patients with a mean age of 39 years (range, 19 to 58 years) who appeared to have a 

goodd understanding of their therapy and who were on long term oral anticoagulant therapy for 

att least three months were asked to give written informed consent to participate in this study. 

Theyy were recruited from practices of physicians and cardiologists at our hospital on the basis 

off  a subjective assessment of their potential ability to perform self-management of 

anticoagulation.. More precisely, we considered patients who were leading an independent life 

andd were able to take care of themselves and their household potentially fit to participate in 

thee self-management project. 

Thee patients were educated by the first author in two sessions of about four and a half hour. 
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Theyy underwent a structured educational program to be able to carry out anticoagulation self-

management.. This educational program was adapted from previously published educational 

programs.. After being educated the patients had about a three weeks training period to 

demonstratee their ability to perform self-measurement of the INR and to adjust their coumarin 

dose. . 

7.3.22 Measurement of INR 

Venouss blood (9 vol) was collected in 3.2% sodium citrate (1 vol) and plasma was obtained 

byy centrifugation at 1,800 x g for 20 min. The prothrombin time (PT) was measured in plasma 

usingg Tromborel-S reagent (Dade Behring, Leusden, the Netherlands, ISI value 1.19) on an 

Elektraa 1600 coagulometer (MLA, Pleasantville, NY). PT values were expressed in INR 

accordingg to international convention. The self-measurement of the INR was performed in 

capillaryy blood using the CoaguChek® system (Roche Diagnostics, Almere, the Netherlands). 

Thee CoaguChek® consists of the CoaguChek® monitor, a lot-specific code chip, CoaguChek® 

PTT test carriers and a Softclix® lancing device. The reaction zone of the test carrier contains 

rabbitt brain thromboplastin (International Sensitivity Index (ISI) value = 1.0). The 

CoaguChek®® monitor warms the inserted strip to 37 °C. Using Softclix , a drop of capillary 

bloodd (15 ul) is obtained from the finger and applied to the application zone of the test strip. 

Thee blood is drawn into the reaction chamber by capillary forces and mixed with iron oxide 

particless and thromboplastin triggering the coagulation cascade. A permanent and a pulsed 

electromagnett force the iron particles to move in different directions. The pulsation pattern is 

monitoredd photometrically. Development of the blood clot inhibits the movement of the 

particles.. Cessation of the movement is detected by the monitor as the endpoint of the 

measurement.. The system determines the INR based on the thromboplastin-induced clotting 

timee in about two minutes. The CoaguChek® test strip is calibrated against HepatoQuick by 

thee manufacturer. The calibration curve is stored for each strip number in the corresponding 

codee chip. 

7.3.33 Study design 

Thee study was approved by the Institutional Review Board of the Academic Medical Center 

off  the University of Amsterdam. The patients were requested to determine a capillary whole 

bloodd INR once weekly at home for a period of 6 weeks. Based on this INR value the patients 

proposedd a dosing scheme for the next period. On the same day as the self-measurement, 

withinn a time period of one hour after the home-determination, a reference INR was 

determinedd in a venous blood sample. An experienced physician of the anticoagulation clinic 

thenn established a dosing scheme, guided by the reference INR. The anticoagulation clinic 
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INRR and dosing scheme would be the basis for patient management. 

Thiss part of the study allowed us to establish the feasibility of self-measurement and self-

dosingg of anticoagulation by patients and the concordance between self measured-INR and 

clinic-INRR as well as between self-dosing of oral anticoagulation and physician-based dosing 

off  oral anticoagulation. It was decided before the start of the study that at this stage of the 

studyy the anticoagulation clinic INR and dosing scheme would be the basis for patient 

management. . 

7.3.44 Accuracy of the portable monitor 

Thee accuracy of the CoaguChek® measurements was evaluated by examining the agreement 

betweenn the INR values from the monitor and the anticoagulation clinic. Monitor and 

referencee INR were plotted and linear regression(14) was performed. The difference in INR 

valuess between the two methods was calculated as the monitor value minus the clinic value. 

Thee clinic-INR was used as the criterion standard. 

Usingg a nine-field comparison table with three different INR ranges (<2.5; 2.5-4.5; >4,5) we 

calculatedd the agreement by counting the number of test results in the overlapping fields of 

correspondingg ranges. In the same table we assessed the intraclass correlation coefficient. The 

meann difference between the paired INR values was calculated in percentage  the standard 

deviation. . 

7.44 RESULTS 

Alll  fifteen patients completed the study. Relevant patient characteristics are given in table 1. 

Al ll  patients were able to perform home monitoring of the INR and to come up with a dosing 

schemee for the next week. Each of the fifteen patients measured over a period of six weeks six 

capillaryy whole blood INRs and had six reference INRs obtained at the Thrombosis Service, 

providingg 90 capillary INRs and 90 matched samples. 

Figuree 1 and 2 show the correlation between the self-measured INR and the clinic (reference) 

INR.. The mean (absolute) difference (  SD) between the capillary INR and the reference INR 

wass 12.3% . There is no significant difference in percentage of values in the therapeutic 

rangee between patients who are using phenprocoumon (mean difference 10.6  9.6) and those 

whoo use acenocoumarol (mean difference 13.1%  10.3). Eighty percent of the paired INR 

measurementss were within 0.6 INR units; 95% were within 1.0 INR units. We calculated to 

whichh extent such a deviation of the test result would lead to a different dosing scheme 

(accordingg to the proposed dosing algorithm), and found this to be the case in 2.1% of 

measurements.. The relationship between the self-measured INR value (y) and the reference 
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FigureFigure I: Accuracy of the CoaguChek'V-INR versus the anticoagulation clinic-INR. 
CoefficientCoefficient of correlation: r = 0.845; regression analysis: y = 0.993 x -0.057. 
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 acenocoumarol 
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FigureFigure 2: Plot of delta INR, calculated as the anticoagulation clinic-INR minus the 
CoaguChek*'-INRCoaguChek*'-INR for paired samples versus the clinic-INR.. 
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laboratoryy value (x) could be expressed by the linear regression equation: y=0.993x - 0.057. 

Thee correlation (r) between the self-measured INR and the anticoagulation clinic INR was 

0.845.. The agreement between the two methods is 0.64 (limits of agreement = 0.08  1.04). 

Thee intraclass correlation coefficient (a) is 0,9099 (95% C.I.: 0,8631 - 0,9407). 

AA complete agreement in dosing scheme (total week dose of anticoagulant agent and division 

off  this dose over the days of the week) was found in 68% of the cases. The mean difference in 

self-proposedd versus clinic-based dosing schemes (expressed as total week dose of oral 

anticoagulantt agent) was 3.9% . A difference of >10% in the dose of anticoagulant 

agentss between the self-devised scheme and the clinic scheme was found in 13.3% and a 

differencee of >15% between the schemes was present in 1.8% of the occasions. There was no 

discrepancyy concerning the dosing schemes in divergent directions (i.e. patients proposing to 

takee a higher dose and clinic physicians proposing to take a lower dose) in any of the dosing 

schedules. . 

TableTable 1: Patient characteristics 

Age e 
-- Range 

-- Mean age 

Sex x 

-- Male 

-- Female 

Typee of anticoagulation 
-- Acenocoumarol 

Phenprocoumon n 

Reasonn for anticoagulation 
-- Mechanical heart valve 

-- Chronic atrial fibrillation 

-- Venous thromboembolism 

Targett range 

-- 2.0-3.0 

-- 2.5-3.5 

-- 3.0-4.0 

-- 3.5-4.5 

Patientss (n= 15) 

18-58 8 

39 9 

7 7 

8 8 

10 0 

5 5 

5 5 

4 4 

6 6 

3 3 

5 5 

5 5 

2 2 

Percentage e 

47% % 

53% % 

67% % 
33% % 

33% % 

27% % 

40% % 

20% % 

33% % 

33% % 

14% % 
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7.55 DISCUSSION 

Previouss studies evaluated the accuracy of the portable monitor compared to the standard 

laboratoryy INR values {1 '~13'16) under laboratory conditions. Van den Besselaar et al conducted 

ann evaluation of the accuracy of the CoaguChek® versus different central laboratory methods. 

Correlationss were acceptable against two different reagens (r=0.888 and r=0.895). We 

assessedd the accuracy and feasibility of self-monitoring by patients in the home-situation. 

Theree was a good correlation between the self-measured INR at home and the clinic INR 

(r=0.845).. The difference between the INRs were less than 0.6 INR units in 80% of all the 

pairedd values and less than 1.0 in 95% of the values. Mc Curdy et al found 75% to be within 

0.77 INR units and 90% within 0.9. The samples in their study were all taken by the same 

physician. . 

However,, one should take into account that using the correlation coefficient can be 

misleadingg (15). The correlation coefficient measures the strength of a (linear) relation between 

twoo variables, not the agreement between two methods. For example, if the difference 

betweenn the CoaguChek® INR and lab INR is constantly 2.0, the correlation would be very 

highh but the two methods would have an unacceptable agreement. To calculate the agreement, 

wee focused on the difference between the CoaguChek® and the clinic INR in different INR-

ranges(16\\ The agreement is expressed as the percentage of paired measurements within the 

overlappingg fields of corresponding ranges. We found a good agreement (0.64). 

Thee agreement, however, not only ignores the extent of agreement expected by chance, but it 

alsoo ignores partial agreement and disagreement. Therefore, in our study we also computed 

thee intraclass correlation coefficient. The intraclass correlation coefficient (a) gives different 

weightss to the frequencies in each cell of the table according to the magnitude of discrepancy 

(i.e.. the distance from the diagonal that indicates agreement/I7). 

Att first sight, this discrepancy between the results of PT self-testing and the laboratory results 

mayy seem worrysome. However, one needs to realize that many factors may affect the results 

off  the PT assay and that also between laboratories or even within the same laboratory a very 

largee variation between PT results may exist. In fact, the 12.3% difference between the 

capillaryy INR and the reference INR, as established in the present study, is similar to inter-

laboratoryy differences in PT testing of the same sample*1 l,l2). Other factors that may have 

contributedd to the difference are that self-tested INR is derived from capillary blood and the 

referencee INR was assayed in whole plasma obtained by venepuncture, as well as minor 

influencess caused by the time difference between the moment of self-testing and the 

venepuncture. . 

Thee relevance of the 12.3% difference needs to be established. However, it may be 

hypothesizedd that this will mainly cause minor changes in the prediscribed dose of 

anticoagulantss and the consequent intensity of anticoagulation. In fact, the differences in INR 
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valuess did not lead to (significant) differences in dosing schemes in our study. There was a 

goodd agreement between self-devised and anticoagulation clinic-prescribed dosing scheme. 

Wee can conclude that home monitoring is feasible with an acceptable agreement between the 

CoaguChekk test results and the clinic values. After proper education, patients are in principle 

ablee to self-manage their anticoagulation dose. This method gives the opportunity for patients 

too be more independent and self-supporting. 

7.66 REFERENCES 

1.. Rosendaai FR. The Scylla and Charybdis of oral anticoagulant treatment. N Engl J Med 
1996;335:587-589. . 

2.. Cannegieter SC. Rosendaai FR. Wintzen AR. van der Meer FJ. Vandenbroucke JP. Briet E. 
Optimall  oral anticoagulant therapy in patients with mechanical heart valves. N Engl J Med 
1995;333(l):ll-7. . 

3.. The ASPECT research group. Effect of long-term oral anticoagulant treatment on mortality 
andd cardiovascular morbidity after myocardial infarction. Lancet 1994;343:499-503. 

4.. Koopman MMW, Prandoni P, Piovella F, Ockelford P, et al. for the Tasman study group. 
Treatmentt of venous thrombosis with intravenous unfractionated heparin administered in the 
hospitall  as compared with subcutaneous low-molecular-weight heparin administered at home. 
NN Eng J Med 1996;334:682-687. 

5.. The Columbus investigators. Low-molecular-weight heparin in the treatment of patients with 
thromboembolism.. N Eng J Med, 1997;337:657-662. 

6.. Ansell JE, Patel N, Ostrovsky D, Nozzolillo E, Peterson AM, Fish L. Long term patient self 
managementt of oral anticoagulation. Arch Int Med 1995;155:2185-9. 

7.. Hasenkam JM, Kimose HH, Knudsen L, Gronnesby H, Halborg J, Christensen TD, Attermann 
J,, Pilegaard HK. Self management of oral anticoagulant therapy after heart valve replacement. 
EurJ.Cardiothorac.Surg.. 1997;11(5):935-942. 

8.. Tripodi A, Arbini AA, Chantarangkul V, Bettega D, Mannucci PM. Are capillary whole blood 
coagulationn monitors suitable for the control of oral anticoagulant treatment by the 
internationall  normalized ratio? Thromb Haemost 1993; 70:921-924. 

9.. Ansell J, Holden A, Knapic RN. Patient self-management of oral anticoagulation guided by a 
capillaryy (fingerstick) whole blood prothrombin times. Arch Intern Med 1989;149:2509-2511. 

10.. White RH, McCurdy SA.Von Marensdorff H, Woodruff DE Jr, Leftgoff L. Home prothrombin 
timee monitoring after initiation of warfarin therapy. Ann Int Med 1989;111:730-737. 

11.. van den Besselaar AMHP, Breddin K, Lutze G, Parker-Williams J, Taborski U, Vogel G, 
Tritchlerr W, Zerback R, Leinberger. Multicenter evaluation of a new cpillary blood 
prothrombinn time monitoring system. Blood Coagul Fibrinol 1995;6:726-732. 

12.. Kaatz SS, White RH, Hill J, Mascha E, Humphries JE, Becker DM. Accuracy of laboratory 
andd portable monitor international normalized ratio determinations. Comparison with a 
criterionn standard. Arch Intern Med 1995;155:1861-1867. 

13.. Kapiotis S, Quehenberger P, Speiser W. Evaluation of the new method CoaguChek® for the 
determinationn of prothrombin time from capillary blood: comparison with Thrombotest on 
KC-1.. Thromb Res 1995;77:563-567. 

14.. Rosendaai FR. A method to determine the optimal intensity of oral anticoagulant therapy. 
Thrombb Haemst 1993;69:236-9. 

15.. Bland JM, Altman DG. Statistical methods for assessing agreement between two methods of 
clinicall  measurement. Lancet. 1986; 1(8476): 3 07-10. 

16.. McCurdy SA, White RH. Accuracy and precision of a portable anticoagulation monitor in a 
clinicall  setting. Arch Intern Med 1992;152:589-592. 

97 7 

http://EurJ.Cardiothorac.Surg


Chapterr 7 

17.. Kramer MS, Feinstein AR. Clinical biostatistics. LIV . The biostatistics of concordance. Clin 
Pharmacoll  Ther 1981;29(1):111-23. 

98 8 


