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More than 2 million Americans are estimated to be treated with warfarin (National Center for Statistics, 1984). As with any medical treatment
the weighing of risks and benefits must be carefully balanced. Anticoagulation agents have a narrow therapeutic index, and the more
narrow the therapeutic index, the greater the chance for adverse effects, i.e., bleeding (Ortel, 1995). To achieve optimal effects and evaluate
the patient's response to warfarin, the clinician must keep in mind several important concepts. First, the intensity and duration of the
therapy depends on the identified need for treatment. Second, the dose of warfarin must be patient specific, and lastly, periodic assessment
of effectiveness is necessary due to warfarin's narrow therapeutic index. Considering the aforementioned facts, the blood test chosen to
monitor the patient's response to warfarin must be accurate, reliable and cost effective (Ortel, 1995).

The traditional method idf_d’etéiﬁhzi_ningith__e‘efficécy of anticoagulation therapy is the prothrombin time (PT). This was first described by
Armand J. Quick in 1935. He used thromboplastin derived from rabbit brains to prove his assumption that patients with bleeding
abnormalities secondary to obstructive jaundice was due to a deficiency of prothrombin. This is now known to result from reduced levels of
liver-produced vitamin K-dependent blood coagulation factors II, IX, and X (Florell & Rodgers, 1996).

Today a blood sample is collected in a tube containing citrated sodium, in the laboratory the sample is spun in a centrifuge, and a specific
volume of thromboplastin reagent is added to the sample. The time until a fibrin clot forms, measured in seconds, is reported as the PT
(Ortel, 1995). The thromboplastin reagent can be either an extract of mammalian tissue (lungs heart or brain of animals) rich in tissue factor,
or a recombinant proportion of human tissue factor in combination with phosphelipids (Hirsh & Poller, 1994),
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than 1.0. The ISI value is critical for calculation of the INR, because the ISI value is the exponent in the formula. Consequently, small
errors in the ISI assignment may affect the calculated INR substantially (Florell & Rodgers, 1996).

To resolve the problem of highly variable PTs, the use of the INR has been réébmmended for rﬁ'oni_tafinﬁ patient's 0rzil_aﬁti¢03:gulé;1’f
therapy. This recommendation is supported by the American College of Chest Physicians, the National Heart, Lung and Blood Institute and
the British Society for Hematology (Nichols & Bowie, 1993).

is not a new laboratory test. It |

A target INR range of 2.0 to 3.0 is recommended for most indications, such as treatment or prophylaxis of DVT, prevention of further
clotting in MI's and other preventive measures for patients with atrial fibrillation. An INR of 2.5 to 3.5 is recommended for patients with
prosthetic heart valves (Ortel, 1995).

Using the INR in other medical conditions, such as coagulopathy or liver disease has not been deemed appropriate as of this time, because

INR was originally developed using anticoagulated patient populations. Despite its usefulness during routine monitoring of warfarin
therapy, the use of INR for monitoring during the induction phase of therapy has not been fully supported (Hirsh & Poller, 1994). Reliability is
lost during the initial days of therapy because of the varying rates of plasma clearance of vitamin K-dependent clotting factors. These
factors are what the thromboplastin reagents are sensitive to and in turn what the INR and PTR are actually reporting. In addition,
individual thromboplastin reagents vary in their sensitivities to the vitamin K-dependent clotting factors (Ortel, 1995).

The INR system can be precise and valid when a sensitive thromboplastin and manual method of clot detection are used. However, it
loses precision and accuracy when used to convert PT ratios obtained with less-sensitive thromboplastin reagents or when automated clot
detection systems are used. These problems can be avoided by using reagents with low ISI's and proper calibration of machinery.

Although the INR system is far from perfect, it is the only practical solution currently available. With all of its faults, it is much better
than an unadjusted PT system. Although the clinician would like a system with little or no variability, the goal is unattainable unless a
standardized sensitive reagent is universally adopted.
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THE INR (INTERNATIONAL NORMALIZED RATIO) FOR MONITORING ORAL ANTICOAGULANT THERAPY

Introduction: The PT test

The prothrombin time (PT) has traditionally been used to monitor the use of oral anticoagulants since these drugs, typified by Coumadin, lower the levels of the vitamin K
dependent factors II, VIL, IX, and X. Decreases in the levels of these factors result in a prolonged PT since factor II, VII, and X are in the PT or extrinsic pathway. The PT
evaluates the extrinsic pathway factors by measuring the ability of a patient's recalcified plasma to clot when mixed with a crude mixture of a tissue factor activator and
phospholipid, known as thromboplastin. Common sources of thromboplastins are rabbit brain or lung extracts. The patient's PT is usually reported as the clotting time, in
seconds, and is compared with a normal range.

Limits of the PT for Monitoring Oral Anticoagulants

The marked regional differences in the sensitivity of thromboplastins have made inter-center comparisons of clinical tri als evaluating oral anticoagulant drug regimens extremely
difficult. This has hampered progress towards making appropriate recommendations regarding anticoagulation for patients at risk for thrombosis in various clinical settings. In
addition, the lack of standardization of thromboplastins has made it difficult for practicing physicians to compare patient PT values done in different laboratories. Variability of
thromboplastins has contributed to the problem of American physicians overanticoagulating their patients compared to their British counterparts, since Europeans have
traditionally used more sensitive thromboplastins.

The INR and International Sensitivity Index (IST)

The World Health Organization (WHO) recognized the variation in PT as a serious problem and formed a committee to establish uniformi
development of the concept of the international sensitivity index (ISI) which is a correction factor for the response of differ
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INR, target values for therapeutic patient doses or oral anticoagulants become comparable from laboratory to laboratory. Determinin
so many commercial vendors provide an ISI for their reagents in combination with the most commonly used instruments,
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Limits of the INR

Often the clinical reason for requesting the PT is not specified and therefore some laboratories convert all PTs to an INR. It should be remembered that the INR:bﬂly,fhaS meaning

for patients on a stable doses of anticoagulants. The INR should not be used to evaluate the coagulation status of patients who have not been anticoagulated for at least one week
or in those with an abnormal PT for other reasons, e.g., liver disease.
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Methodology:
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