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Diagnostic Technology: Point-of-Care International Normalised Ratio coagulometers for
self-management of oral anticoagulation.

Clinical Question: In patients who require long-term anticoagulation treatment, what is the
accuracy and acceptability of self-management using home International Normalised Ratio
(INR) devices, compared to standard practice?

Devices:

Coaguchek XS (Roche Diagnostics), Hemosense INRatio (Hemosense Inc) and Protime 3 (ITC) are the devices currently
identified in the UK market. These devices have been evaluated and compared in a Buyers' guide prepared by the NHS
Purchasing and Supplies Agency (PASA) in January 2008 (1). Other similar devices have been available until recently:
Coaguchek S, which has been replaced by its updated version Coaguchek XS, and SmartCheck INR (Unipath Ltd), which
has been recalled by the manufacturer due to faults found with the device.

Advantages over Existing Technology:

INR devices are intended for both professional use and patient self-testing in the monitoring of oral anticoagulant therapy.
International normalised ratios (INR) are a standard measurement of the prothrombin time. The prothrombin time is the
time it takes plasma to clot after addition of tissue factor. Point-of-care (POC) INR testing within the primary care setting
eliminates the delay in waiting for the result of prothrombin time to be processed by the hospital laboratory, and the
subsequent delay in adjustment of anti-coagulation dosing and avoiding the need to attend hospital (2). Locating INR test
equipment near the patient produces a faster result and this could be important in the management of long-term
conditions, in acute haemorrhagic cases, or where the results can inform the decision on treatment. Providing patients
with the opportunity to be more involved in the management of their own condition is an important factor highlighted by
the NHS Next Stage Review (33). With structured training, motivated patients with sufficient manual skills and eyesight
are able to manage their own long-term, oral anticoagulation therapy (3).

Details of Technology:

The instrument detects the clot formation when the blood movement decreases below a predetermined rate. The
measuring ranges of these devices vary: INR of 0.6 — 8.0 for Coaguchek XS, 0.8 — 8.0 for Hemosense INRatio, and 0.8 —
9.9 for Protime 3. Patients can perform self-testing which uses capillary whole blood obtained from a finger prick. The
sample volume can be very small (15-30 pL) with few user dependent steps. The results are typically available in less
than 5 minutes.

Patient Group and Use:
e Patients who require long-term anticoagulation therapy, in the clinical context of atrial fibrillation, venous
thromboembolism, prosthetic heart valves or myocardial infarction.

Importance:

Common cardiac conditions are linked to increased risk from thrombosis and require anticoagulation therapy. Oral
anticoagulation therapy, usually with warfarin, which aims to reduce the chance of unwanted thromboembolism, requires
regular and frequent monitoring to avoid decreased clotting which may increase bleeding. It is estimated that 950,000
people are receiving oral anticoagulation therapy in the UK (4).

Previous Research:

Accuracy compared to existing technology

In samples from 397 warfarin-treated adult patients, a comparison between INR values from capillary samples using
CoaguChek XS and venous plasma samples using the Owren prothrombin time assay in a hospital setting showed a
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correlation of r = 0.94 (7). In a cardiac outpatient clinic, a study of 93 adult patients with atrial fibrillation receiving oral
anti-coagulant therapy compared Coagucheck XS with the central laboratory coagulation analyser and results showed a
close correlation of r = 0.96 (11). Data from 41 adult patients on long-term anticoagulation therapy without previous self-
monitoring experience comparing CoaguChek XS versus standard laboratory measurements showed a Pearson correlation
of 0.95 (8). These data were confirmed by a study in a community setting in Australia on patients starting warfarin
therapy, where 337 CoaguChek XS results from 98 patients showed a correlation of r* = 0.95 when compared to standard
laboratory analysis. A total of 93.5% of CoaguChek XS INRs were within 0.5 units of laboratory INR and 99.4% were
within 0.8 units of laboratory INR. A UK study of 84 patients on long-term anticoagulation therapy also showed a high
correlation between laboratory testing and self-testing using CoaguChek (r = 0.95) (26). An evaluation of the accuracy
and ease of use of CoaguChek XS in a trial of warfarin home monitoring in 17 patients in Australia showed a high
correlation (r = 0.91) between the POC monitor and the laboratory measurements and patients and doctors found the
device to be easy to use (12).

A study investigating the accuracy of Coaguchek XS in 35 paediatric patients (aged 4 months to 18 years old) showed a
mean difference in venous and capillary INR value of -0.13 (-0.57 to 0.55) and the Pearson correlation coefficient was
0.95 (5). When comparing the accuracy of Coaguchek XS with a laboratory reference method in another study on 26
paediatric samples, the correlation using capillary samples was r = 0.95. In this study correlation between venous and
capillary samples was r = 0.81 (6).

One study comparing the accuracy of ProTime 3 with central laboratory results showed that INR were 0.8+0.68 units
higher than plasma INR values and correlation with plasma for the ProTime 3 device was r2 = 0.73 (15). Another study
comparing several POC INR monitors with a standard laboratory test showed a correlation coefficient of r* = 0.96 for
ProTime 3 and r? = 0.8 for INRatio (14). A further study showed a correlation of r = 0.94 between ProTime and
laboratory analysis (16). Samples from 19 paediatric patients showed a correlation of 0.89 when comparing this POC
device with a laboratory test (17).

Impact compared to existing technology

Self-management coagulation monitors are simple to use and have few operator dependent steps. Nurse-led primary care
anticoagulation clinics using point-of-care testing (POCT) had comparable outcomes in terms of INR control with routine
hospital outpatient management (18). A study in Singapore of POC INR testing using CoaguChek SX in a hospital-based
anticoagulation clinic (1332 clinic visits) showed a reduction of clinic visit duration by 35 min without cost increments to
patients or the laboratory and in a survey of 323 patients, 87.5% (95% CI 82.5-91.5%) preferred POC INR monitoring
(10). In a study of self-testing in the UK of 84 patients, 87% of patients found the self-testing straightforward and 77%
preferred self-testing (26).

In terms of the usability of self-monitoring devices, one study of ProTime 3 showed that trained patients yielded
equivalent INR results to professional operators (r = 0.92) and that patient satisfaction and compliance increased when a
training programme was implemented (13). A UK based randomised control trial suggests that self-management of
anticoagulation therapy is as safe as management in a nurse-led general practice clinic (19). Evidence on patient self-
management of oral anticoagulation therapy shows improvement in anticoagulant control and reduced risk of bleeding
and re-thrombosis. The most frequent testing frequency is weekly but lower frequency of testing can be justified based on
the patient’s condition. Trials carried out in the UK suggest that 24% of patients would agree to carry out self-monitoring,
of these 70% could be successfully trained and able to conduct self-monitoring and 80% of the latter would conduct long-
term self-monitoring (20). A UK based study suggests that self-monitoring patients had significantly better anticoagulant
control than those receiving routine hospital anticoagulation clinic care of therapeutic INR range 71% vs 60%,
respectively (p=0.003) and significantly less time outside critical limits (21). A systematic review has shown that patients
capable of self-monitoring and self-adjusting therapy have fewer thromboembolic events and lower mortality than those
who self-monitor alone (22). Subsequent to this review, several further randomised controlled trials have shown that
anticoagulation self-management was as least as good or in some cases better than conventional management (24, 28),
with INR values showing smaller variance (25) and fewer major thromboembolic and bleeding complications in the
elderly (27).
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A recent systematic review on self-monitoring and self-management of oral anticoagulation concluded that self-
management showed significant reductions in thromboembolic events (RR 0.47, 95% CI 0.31 to 0.70) and all-cause
mortality (RR 0.55, 95% CI 0.36 to 0.84), while self-monitoring reduced major haemorrhages (RR 0.56, 95% CI 0.35 to
0.91). The study concluded that patients who self-monitor or self-manage can improve the quality of their anticoagulation
therapy, reducing the number of thromboembolic events and mortality without increase in harms. However, for up to half
of the patients, self-monitoring or self-management were not feasible due to patient refusal, exclusion by the general
practitioner or inability to complete training.

Guidelines and Recommendations
Several guidelines and recommendations have been published in the UK (30, 31). The International Self-Monitoring
Association for Oral Anticoagulation's guideline suggests that “patient self-testing and patient self-management are
effective methods of monitoring oral anticoagulation therapy, providing outcomes at least as good as, and possibly better
than, those achieved with an anticoagulation clinic”, adding that “all patients must be appropriately selected and trained”
(23). The NICE clinical guideline on atrial fibrillation recommends the following (29):
“In patients with AF who require long-term anticoagulation, self-monitoring should be considered if preferred by the
patient and the following criteria are met:

e the patient is both physically and cognitively able to perform the self-monitoring test, or in those cases where the

patient is not physically or cognitively able to perform self-monitoring, a designated carer is able to do so

e an adequate supportive educational programme is in place to train patients and/or carers

e the patient’s ability to self-manage is regularly reviewed

¢ the equipment for self-monitoring is regularly checked via a quality control programme.”

Patient Resource:
A good patient information resource, providing accounts of patients’ experiences, news, advice and information can be
found at http://www.anticoagulationeurope.org/.

Cost-effectiveness and economic impact:

Prices for the INR devices available on the UK market vary from £399 for Coaguchek XS and Hemosense INRatio to
£884 for ProTime 3 (1). Consumables are available on prescription and national prescription pricing rates apply.

The Health Technology Assessment report (2007) on the clinical effectiveness and cost-effectiveness of different INR
models suggests that self-monitoring is effective and safe for long-term oral anticoagulation therapy in selected and
successfully trained patients (20). The economic evaluation found that patient self-management (PSM) was more
expensive than available routine care (E417 vs £122 per patient-year, respectively). Using a cost-effectiveness threshold
of £30,000 per quality-adjusted life-year (QALY) gained, patient self-monitoring does not seem to be a cost-effective
approach. The incremental cost per QALY gained by patient self-monitoring is £122,365 over 5 years and £63,655 over
10 years. The estimated probability that patient self-monitoring is cost-effective (up to £30,000/QALY) is 44% over a 10-
year period. This was based on data from the Birmingham based SMART study. Using pooled results from all available
trials resulted in an incremental cost per QALY of PSM versus usual care was £47,387 after 5 years and £19,617 after 10
years. Self-monitoring may enhance the quality of life for some patients who are frequently away from home, who are in
employment or education, or who find it difficult to travel to clinics. The report concludes that patient self-management is
unlikely to be more cost-effective than the current high-quality care provided by specialised UK anticoagulation clinics.
More recent evidence comes in the form of the Ontario based HTA report (37), where the ICER (cost per life-year) for
self-managing dominates both standard care and self-testing (which means that PSM resulted in significantly more
QALYs gained than standard care and is on average cost-saving), and the Belgian based HTA report (38), where in all
scenarios investigated, the ICER of PSM compared to usual care is on average the dominant strategy compared to usual
care, except in the scenario of 100% of GP consultations maintained and 52 tests/year. It must be noted that patient level
data was not available for these reviews and the probabilities used in the model were driven by literature findings and
expert opinion. Individual patient data evidence will be forthcoming.
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Policy context comments:

The five-year plan for the NHS published in December 2009 identifies the need for enabling patients to manage their own
conditions and treating them closer to home, thereby avoiding unnecessary hospital visits (32). The report states that this
would release annual savings of up to £2.7 billion. According to the report, hospital-based care will be re-structured to
concentrate on the sickest patients and more care will be provided closer to people’s homes.

Research Questions:

Multi-centre randomised trials of home based INR use within the UK are required. In addition for those patients in whom
it is considered that self-management is not possible then alternative strategies should be explored e.g. primary care and
community pharmacy clinics

Research is needed in the clinical effectiveness and cost-effectiveness of patient education and training in long-term oral
anticoagulation therapy.

Assessment of the effectiveness of patient self-management in children is needed.

Suggested next step:

Further randomized studies should await the publication of two studies due to be published this year, namely an
individual patient meta-analysis (35) and a study on the impact of patient self-testing (36).

The current focus should be on health economic analyses to address the disparities in cost-effectiveness reports.

Expected outcomes:
Patients provided with sufficient training can self-monitor and self-manage their anticoagulation therapy, reducing the
number and duration of clinic visits.

References:
1. NHS Purchasing and Supply Agency. Buyers’ Guide: Point of care coagulometers for monitoring oral anticoagulation. CEP 07026.
January 2008.
2. Murray ET, Fitzmaurice DA, McCahon D.Point of care testing for INR monitoring: where are we now? Br J Haematol. 2004;127(4):373-8.

3. Voller H, Dovifat C and Glatz J. Home management of anticoagulation, European Heart Journal 2001; Supplements 3 (Supplement Q),
Q44-Q49.

4. Fitzmaurice DA, Murray ET, McCahon D, Holder R, Raftery JP, Hussain S, Sandhar H, Hobbs FD. Self management of oral
anticoagulation: randomised trial. BMJ 2005;331(7524):1057.

5. Paioni P, Kroiss S, Kégi E, Bergstrasser E, Fasnacht M, Bauersfeld U, Schmugge M, Albisetti M. Self-monitoring of oral anticoagulation
therapy in children. Acta Haematol. 2009;122(1):58-63.

6. Greenway A, Ignjatovic V, Summerhayes R, Newall F, Burgess J, DeRosa L, Monagle P. Point-of-care monitoring of oral anticoagulation
therapy in children. Comparison of the CoaguChek XS system with venous INR and venous INR using an International Reference
Thromboplastin preparation (rTF/95). Thromb Haemost. 2009;102(1):159-65.

7. Wieloch M, Hillarp A, Strandberg K, Nilsson C, Svensson PJ. Comparison and evaluation of a Point-of-care device (CoaguChek XS) to
Owren-type prothrombin time assay for monitoring of oral anticoagulant therapy with warfarin. Thromb Res. 2009;124(3):344-8.

8. Torreiro EG, Fernandez EG, Rodriguez RM, Lopez CV, Nufiez JB. Comparative study of accuracy and clinical agreement of the
CoaguChek XS portable device versus standard laboratory practice in unexperienced patients. Thromb Haemost. 2009 May;101(5):969-74.

9. Sobieraj-Teague M, Daniel D, Farrelly B, Coghlan D, Gallus A. Accuracy and clinical usefulness of the CoaguChek S and XS Point of
Care devices when starting warfarin in a hospital outreach setting. Thromb Res. 2009;123(6):909-13.

10. Kong MC, Lim TG, Ng HJ, Chan YH, Lee LH. Feasibility, cost-effectiveness and patients' acceptance of point-of-care INR testing in a
hospital-based anticoagulation clinic. Ann Hematol. 2008;87(11):905-10.

11. Nam MH, Roh KH, Pak HN, Lee CK, Kim YH, Lee KN, Cho Y. Evaluation of the Roche CoaguChek XS handheld coagulation analyzer
in a cardiac outpatient clinic. Ann Clin Lab Sci. 2008;38(1):37-40.

12. Bereznicki LR, Jackson SL, Peterson GM, Jeffrey EC, Marsden KA, Jupe DM. Accuracy and clinical utility of the CoaguChek XS portable
international normalised ratio monitor in a pilot study of warfarin home-monitoring. J Clin Pathol. 2007;60(3):311-4.

13. Vaoller H, Taborski U, Dovifat C, Hartwig I, Kadar JG, Wegscheider K, Zucker ML, LaDuca FM, Ansell J. ProTime self-management
yielding improvement of fluency and quality of life. Thromb Haemost. 2007;98(4):889-95.

14. Moore GW, Henley A, Cotton SS, Tugnait S, Rangarajan S. Clinically significant differences between point-of-care analysers and a
standard analyser for monitoring the International Normalized Ratio in oral anticoagulant therapy: a multi-instrument evaluation in a
hospital outpatient setting. Blood Coagul Fibrinolysis. 2007;18(3):287-92

15. McBane RD 2nd, Felty CL, Hartgers ML, Chaudhry R, Beyer LK, Santrach PJ. Importance of device evaluation for point-of-care
prothrombin time international normalized ratio testing programs. Mayo Clin Proc. 2005 Feb;80(2):181-6.

16. Tay MH, Tien SL, Chua TS, Sim LL, Koh TH. An evaluation of point-of-care instrument for monitoring anticoagulation level in adult
cardiac patients. Singapore Med J. 2002;43(11):557-62.

The School for Primary Care Research is a partnership between the Universities '
of Birmingham, Bristol, Cambridge, Manchester and Oxford and is part of the HTA Illealth

Technology

National Institute for Health Research. ¢ l'nsmsmem




INHS|

Department of Primary Health National Institute for
Diagnostic Horizon Scanning Centre Health Research

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Nowatzke WL, Landt M, Smith C, Wilhite T, Canter C, Luchtman-Jones L. Whole blood international normalization ratio measurements
in children using near-patient monitors. J Pediatr Hematol Oncol. 2003;25(1):33-7.

Fitzmaurice DA, Hobbs FD, Murray ET, Holder RL, Allan TF, Rose PE. Oral anticoagulation management in primary care with the use of
computerized decision support and near-patient testing: a randomized, controlled trial. Arch Intern Med. 2000 Aug 14-28;160(15):2343-8.
Fitzmaurice DA, Murray ET, Gee KM, Allan TF, Hobbs FD. A randomised controlled trial of patient self management of oral
anticoagulation treatment compared with primary care management. J Clin Pathol. 2002;55(11):845-9.

Connock M, Stevens C, Fry-Smith A, Jowett S, Fitzmaurice D, Moore D and Song F. Clinical effectiveness and cost-effectiveness of
different models of managing long-term oral anticoagulation therapy: a systematic review and economic modelling. Health Technology
Assessment 2007; Vol. 11: No. 38

Gardiner C, Longair I, Pescott MA, Erwin H, Hills J, Machin SJ, Cohen H. Self-monitoring of oral anticoagulation: does it work outside
trial conditions? J Clin Pathol. 2009;62(2):168-71.

Heneghan C, Alonso-Coello P, Garcia-Alamino JM, Perera R, Meats E, Glasziou P. Self-monitoring of oral anticoagulation: a systematic
review and meta-analysis. Lancet. 2006;367(9508):404-11.

Ansell J, Jacobson A, Levy J, Véller H, Hasenkam JM; International Self-Monitoring Association for Oral Anticoagulation. Guidelines for
implementation of patient self-testing and patient self-management of oral anticoagulation. International consensus guidelines prepared by
International Self-Monitoring Association for Oral Anticoagulation. Int J Cardiol. 2005;99(1):37-45.

Christensen TD, Maegaard M, Sgrensen HT, Hjortdal VE, Hasenkam JM. Self-management versus conventional management of oral
anticoagulant therapy: A randomized, controlled trial. Eur J Intern Med. 2006;17(4):260-6.

Christensen TD, Maegaard M, Sgrensen HT, Hjortdal VE, Hasenkam JM. Self- versus conventional management of oral anticoagulant
therapy: effects on INR variability and coumarin dose in a randomized controlled trial. Am J Cardiovasc Drugs. 2007;7(3):191-7.
Gardiner C, Williams K, Mackie 13, Machin SJ, Cohen H. Patient self-testing is a reliable and acceptable alternative to laboratory INR
monitoring. Br J Haematol. 2005;128(2):242-7.

Siebenhofer A, Rakovac I, Kleespies C, Piso B, Didjurgeit U; SPOG 60+ Study Group. Self-management of oral anticoagulation reduces
major outcomes in the elderly. A randomized controlled trial. Thromb Haemost. 2008;100(6):1089-98.

Véller H, Glatz J, Taborski U, Bernardo A, Dovifat C, Heidinger K. Self-management of oral anticoagulation in nonvalvular atrial
fibrillation (SMAAF study). Z Kardiol. 2005;94(3):182-6.

National Collaborating Centre for Chronic Conditions. Atrial fibrillation: national clinical guideline for management in primary and
secondary care. London: Royal College of Physicians, 2006.

Fitzmaurice DA, Gardiner C, Kitchen S, Mackie I, Murray ET, Machin SJ. An evidence-based review and guidelines for patient self-
testing and management of oral anticoagulation. Br J Haematol. 2005; 131:156-165

Baglin TP, Keeling DM and Watson HG. Guidelines on oral anticoagulation (warfarin): third edition — 2005 uptake. Br J of Haematol.
2005; 132: 277-285

Secretary of State for Health. NHS 2010-2015: from good to great. Preventative, people-centred, productive. 2009.
www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_109876.

NHS Next Stage Review: High quality health for all. June 2008.

http://www.dh.gov.uk/prod _consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_085828.pdf

Garcia-Alamino JM, Ward AM, Alonso-Coello P, Perera R, Bankhead C, Fitzmaurice D, Heneghan CJ. Self-monitoring and self-
management of oral anticoagulation. Cochrane Database Syst Rev. 2010 Apr 14;4:CD003839.

Perera R, Heneghan C, Fitzmaurice D. Individual patient meta-analysis of self-monitoring of an oral anticoagulation protocol. Self
Monitoring Trialists (SMT) collaboration. J Heart Valve Dis. 2008; 17(2):233-8.

Matchar DB, Jacobson AK, Edson RG, Lavori PW, Ansell JE, Ezekowitz MD, Rickles F, Fiore L, Boardman K, Phibbs C, Fihn SD,
Vertrees JE, Dolor R. The impact of patient self-testing of prothrombin time for managing anticoagulation: rationale and design of VA
Cooperative Study #481--the Home INR Study (THINRS). J Thromb Thrombolysis. 2005;19(3):163-72.

Gailly, J, Gerkens, S, Van Den Bruel, A, Devriese, S, Obyn, C, and Cleemput, I. Use of point-of care devices in patients with oral
anticoagulation: a Health Technology Assessment. KCE reports 117C. 2009. Belgian Health Care Knowledge Centre.

Ontario Health Technology Assessment. Point-of-Care International Normalized Ratio (INR) Monitoring Devices for Patients on Long-
term Oral Anticoagulation Therapy: an evidence based analysis . 9;12:2009. Medical Advisory Secretariat .

This report was prepared by the Primary Care Diagnostic Horizon Scanning Centre Oxford
Authors: I. Djabbarov, A. Pliddemann, C. Heneghan, M. Thompson, C. P. Price
Contact details: Dr. Annette Pliddemann; Email: horizonscanning@dphpc.ox.ac.uk

The School for Primary Care Research is a partnership between the Universities '
of Birmingham, Bristol, Cambridge, Manchester and Oxford and is part of the HTA Heaith
National Institute for Health Research. - l'nssessmem

-

Technology


http://www.dh.gov.uk/en/Publicationsandstatistics/Publications/PublicationsPolicyAndGuidance/DH_109876
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/@dh/@en/documents/digitalasset/dh_085828.pdf

