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Abstract
Since bleeding is a common adverse effect associat-
ed with the oral anticoagulant warfarin, maximizing
the therapeutic potential of this drug requires close
laboratory monitoring. The International Normalized
Ratio (INR) is a system that has been developed to
improve and standardize the assessment of the inten-
sity of oral anticoagulation therapy. Clinical informa-
tion and medicolegal arguments supporting the
adoption of this system are reviewed. The potential for
improvement in patient outcomes and minimization of
medical liability favors the adoption of the INR system.
(Am ] Man Care 1997;3:59-63)

arfarin is an anticoagulant indicated for the

‘ & / prophylaxis or treatment of venous thrombo-

sis, pulmonary embolism, and thromboem-

bolic complications associated with atrial fibrillation or

cardiac valve replacement. It is also used to reduce the

risk of death, recurrent myocardial infarction, and

thromboembolic events such as stioke or systemic
embolization after myocardial infarction.'

Warfarin has a narrow therapeutic range with a low
therapeutic index. Therapeutic index is a measure of a
drug safety. It is determined by the ratio between a
dose that results in toxicity and a dose that results in a
therapeutic benefit. Those drugs with a narrow thera-
peutic index have values near 1; that is, their effective
therapeutic dosages are near the dosages that cause
tOXICItY.
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The most common adverse effect of warfarin thera-
py is bleeding. Although it is difficule to determine if a
specific incident of bleeding is related to warfarin ther-
apy, bleeding risk correlates with the intensity of anti-
coagulation therapy.’ Hence, it is understandable why
warfarin requires close monitoring to maximize the
drug’s therapeutic potential while at the same time
minimizing adverse patient outcomes.

The therapeutic effect of warfarin is not deter-
mined by measuring serum concentrations of the drug.
Rather, it is assessed by measuring the indirect antico-
agulant effect caused by warfarin’s inhibition of the
production of vitamin K—dependent clotting factors 11,
V11, IX, and X. This effect is measured by determining
a patient’s prothrombin time (PT). Quick et al. intro-
duced the PT or “protime” in 1935 as a means of mea-
suring the activity of the vitamin K—dependent factors
IL, VII, and X.* The test is performed by adding a tissue
thromboplastin and calcium to citrated plasma, which in
turn activates the clotting cascade. The P'T, measured
in seconds, is the time it takes for clotting to commence.

The PT and the prothrombin time ratio (P’ T'R) (the
patient’s PT divided by a mean normal PT) have been
the national standard in the United States for monito-
ring oral anticoagulation therapy since the 1940s.*
However, in recent years the results of these tests have
become less reliable because of the introduction of
thromboplastin reagents that vary substantially in their
sensitivity to warfarin-induced effects on the pro-
thrombin. Hence the international normalized ratio
(INR) system was introduced by the World Health
Organization (WHO) in 1983 to adjust for the variabil-
ity among thromboplastin reagents and to standardize
the reporting of PT test results in the monitoring of
anticoagulation therapy.’

The INR is calculated as follows: INR = (observed
PT ratio)™. The observed PT ratio is the patient’s PT
divided by a mean normal PT, and the ISI (international
sensitivity index) is the correction factor in the equa-
tion that relates the PT ratio of the laboratory thrombo-
plastin to the reference standard thromboplastin.
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The following factitious example is presented to
illustrate the need for a standardized system to evalu-
ate the intensity of anticoagulation therapy. Assume a
patient has been well maintained on warfarin therapy
for many years. The patient’s physician only evaluates
the patient’s P'T" value to assess the intensity of antico-
agulation therapy and has established a target PT
range of 15 to 19 seconds. The laboratory that the
patient has been going to for these PT assessments has
been using the same source of thromboplastin
throughout this patient’s warfarin therapy, and it has
had an ISI value of 2.8. The laboratory mean normal
prothrombin time is 12 seconds. Hence the patient’s
INR range over the years can be calculated to be 1.9 to
3.6.

Now, assume that the laboratory changes the
source of thromboplastin. This new thromboplastin
has a ISI value of 1.0. As a means of simplification,
assume the laboratory mean normal PT' remains at 12
seconds. Thus, in order to achieve the same level or
intensity of anticoagulation as the patient has been
achieving over the previous years (INR range =
1.9-3.6), the new targeted P'T range would need to be
23 to 43 seconds.

Imagine the response of the treating physician who
has only been evaluating this patient’s warfarin thera-
pv by assessing the P'T" resule if he received a report of
40 seconds! It is very likely that a warfarin dosage
reduction would be ordered, especially since the
physician is expecting a P'T result for this patient
between 15 and 19 seconds. Unfortunately, a dosage
reduction—if based solely on the comparison of this
patient’s prior PT values (15-19 seconds) to the cur-
rent value (40 seconds) without taking into considera-
tion the sensitivity of the thromboplastin used—would
result in a lower level of anticoagulation intensity than
the patient’s previous maintenance level and would
put the patient at risk for developing a thromboem-
bolism or clot. Hence educating clinicians such as the
physician in this example about the INR system
is essential to minimize unnecessary poor patient
outcomes.

In addition to the WHO, the International
Committee on Thrombosis and Hemostasis, the
International Committee for Standardization in
Haematology, the American College of Chest
Physicians, and the American Society of Health-
System Pharmacists have recommended the adoption
of the INR system.**

Although the INR system has gained the endorse-
ment of many professional committees and organiza-
tions, it has also been criticized.”"* Some problems that
have been reported include lack of reliability of the

INR system when used at the onset of warfarin thera-
Py, loss of accuracy and precision of the INR system
when thromboplastin reagents with high ISI values are
used, lack of reliability of the ISI result provided by
the manufacturer, incorrect calculation of the INR
resulting from use of inappropriate control plasma, and
high INR values in overanticoagulated patients, which
can produce unnecessary alarm.” Despite the prob-
lems and limitations associated with the INR system,
it appears to be more accurate than the traditional
manner of assessing the intensity of oral anticoagula-
tion therapy by using P'I§ in seconds or uncorrected
PTRs. This paper will assess the clinical and
medicolegal support for the adoption of the INR sys-
tem in the United States.

INR Adoption: Clinical Support

In 1982 Hull et al. published the results of a clini-
cal trial in which 96 patients with proximal deep-vein
thrombosis were treated with oral warfarin therapy and
were randomly assigned to have their anticoagulation
therapy monitored by thromboplastin from one of two
sources, each thromboplastin with a significantly dif-
ferent degree of sensitivity.” Although the therapy in
both groups was equally effective in preventing
thromboembolism, a significant difference in bleeding
complications was reported between the two thrombo-
plastin reagents. This was the first trial to indicate that
targeting anticoagulation therapy to a defined PTR
may be an inaccurate means of assessing the intensity
of anticoagulation when thromboplastin reagents with
different sensitivities are used.

A more widespread concern with assessment of
anticoagulation therapy was revealed in the results of a
survey conducted in the early 1990s of nearly 200 lab-
oratories located throughout the United States.” It was
found that chromboplastin reagents with a wide range
of sensitivity were being used, and few institutions
were reporting INR results. The authors concluded
that based on these results, a potential for warfarin ther-
apy mismanagement existed if the uncorrected PTR is
relied on solely to assess anticoagulation therapy.”

More recently, Andrews and colleagues used an
unblinded, retrospective time-series design to assess
the thromboembolic events and bleeding complica-
tions of all patients receiving anticoagulation therapy
who were monitored in an anticoagulation clinic."
Complication rates for patients monitored with uncor-
rected PTRs were compared with those for patients
monitored with the INR system of reporting PT
results. The groups had similar patient-years of fol-
low-up: 403 patient-years for those monitored by
PTRs and 418 patient-years for those monitored with
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the INR system. The two groups had similar indica-
tions for anticoagulation therapy. There were signifi-
cantly fewer total bleeding complications (major and
minor) in the INR-monitored group. The rate of com-
plications associated with using the PTR to guide
therapy was 6.7% versus 2.9% with the INR system (P
=.02). However, even though fewer thromboembolic
events occurred in the INR group (0.2% versus 1.0%),
no statistically significant difference existed with
respect to these events. Alchough the authors noted
limitations in the study, the data suggest that oral anti-
coagulation therapy monitored with the INR system
compared with the uncorrected PTR is associated with
fewer bleeding complications and a trend toward a
lower rate of thromboembolic events.

INR Adoption: Medicolegal Support

Medical malpractice is based on the theory of lia-
bility called negligence. Negligence is founded on the
principle that professionals are required to use the
same degree of care that a reasonable professional in a
similar situation would use. The elements of negli-
gence based on medical malpractice are (1) the exis-
tence of the healthcare provider’s duty to a patient
usually based on the provider-patient relationship, (2)
violation of the applicable standard of care, (3) a com-
pensable injury, and (4) a causal connection between
the violation of the standard of care and the injury.”

To establish a standard of care the courts are
increasingly looking to a national standard of practice
versus a local standard of practice. Therefore, profes-
sionals need to be aware of the nationally accepted
standards of practice in their particular specialty area.
The following case excerpts reflect the trend in the
legal community of supporting a national standard of
care over a local practice standard.

In McCormack v Lindberg, the court found error in
the failure of the trial court to instruct the jury that the
standard of care applicable to a specialist is a national
one (not a local one) and that a specialist must be held
to the same standard of care as other specialists in the
field." Likewise, in DeHerrera v Memorial Hospital of
Carbon County, Justice Rooney wrote in a separate opin-
ion that negligence cannot be excused on the ground that
others in the same locality practiced the same kind of
negligence.”

Position statements by various professional organi-
zations and committees, clinical literature, medical
textbooks, published results of clinical trials, profes-
sional practice guidelines, and pharmaceutical manu-
facturers’ product information may be used as
presumptive evidence of the standard of care.
However, expert testimony will still be required to

introduce the standard and establish its sources and
relevancy.

There is an increasing amount of support for the
INR system compared with the PT or uncorrected
PTR to assess the intensity of oral anticoagulation
therapy. Therefore, the INR can be construed as the
accepted national standard of practice for monitoring
warfarin therapy. Thus, failure to adopt the INR sys-
tem may have some serious medicolegal consequences
in an oral anticoagulation medical malpractice case.

The following section will illustrate cases that
could be used to establish a legal basis in support of
adopting the INR system as a means of reducing the
risk of medical liability of healthcare institutions and
individuals.

Pharmaceutical manufacturers consistently update
and supply product information to healthcare pro-
viders. The manufacturer’s product information may
be used to establish the standard of care for the use of
a particular drug. For example, a package insert may
be used as evidence in support of a purported standard
of care, as in the case of Thompson v Carter.”® Although
such evidence is not conclusive in and of itself, the
weight of the evidence will be reviewed by the trier
of fact. Information contained in the package insert
and admitted as evidence as to the proper use or indi-
cation of a drug may be rebutted. Such rebuctal is
ordinarily brought forward by physicians, who will
advance a theory for a deviation from the manufactur-
er’s recommendations.

The current package information for Coumadin
(warfarin) DuPont Pharma, Wilmington, Delaware
recommends that the INR system be used to assess
the level of anticoagulation.! Thus, if the healthcare
provider who is responsible for monitoring the
patient’s warfarin therapy fails to assess the therapy
based on the INR system, it would be the burden of
this provider to explain why he or she deviated from
the manufacturer’s recommendations.

The opinion of the coutt in Tkompson v Carter can
be further used to establish who can testify as an
expert on the issue of a physician’s standard of care. In
this case, a pharmacologist-toxicologist was called as
an expert to testify regarding a patient’s allergic reac-
tion. The court held that the expert was allowed to tes-
tify not only concerning the effect of a drug on the
human body, but also to the physician’s medical stan-
dard of care in prescribing the drug. This testimony
was allowed over the objection that the expert could
not testify since he did not hold a medical degree.
Specifically, the court found that the expert does not
have to hold a medical degree, but rather that he or she
possesses medical knowledge, however obtained.”
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Therefore, since many anticoagulation clinics through-
out the United States are staffed by nonphysicians
(nurses, nurse-practitioners, and pharmacists), these
individuals could be called to testify as experts as to the
standard of care in prescribing warfarin.

All providers of healthcare to a patient, including
the hospital, may be potentially liable for improper
monitoring of a patient receiving anticoagulation thera-
py. The case of Thompson v Nason Hospital is an exam-
ple.” In this instance, a patient came to the hospital
after an automobile accident and was treated at the
emergency room. Anticoagulation prophylaxis therapy
with heparin and warfarin was administered. The
patient subsequently died because of improper moni-
toring of this particular therapy. The implication of this
case is that the physician was clearly liable for cthe fail-
ure to monitor, but the plaintiff also was successful in
establishing liability against the hospital. Therefore,
since the INR system is considered to be more reliable
than the PT or PTR, failure to use the INR system
when assessing oral anticoagulation therapy could be
deemed improper monitoring of the anticoagulation
and the healthcare provider responsible for such moni-
toring could be deemed liable, as in this particular case.

Likewise, liability may be found if one applies the
court’s holding in this case to the reverse situation. For
example, consider a physician who uses the INR sys-
tem as his standard of practice, but treats his patients in
a hospital that does not routinely report the INR. If an
adverse patient outcome occurs with respect to the oral
anticoagulation therapy because of the hospital’s failure
to report the INR, the physician could be found liable.

Finally, the burden and costs involved in adopting
the INR system are minimal. Setting aside the debate
as to whether the INR system should be deemed the
standard of care over the traditional PTR, the potential
clinical benefits of insticuting the INR system clearly
outweigh the burden of ignoring the system. Courts
have found liability in the absence of a recognized stan-
dard of care. In the case of Helling v Carey, a glaucoma
test was not normally administered in a routine eye
examination to patients under the age of 40 years
because the incidence of glaucoma at younger ages was
so rare.” However, when a patient in her twenties
developed glaucoma, the court found the ophthalmolo-
gists negligent as a matcer of law, in the absence of a
previously established standard of care. The reasoning
for this finding was that the test was simple to perform,
it was an inexpensive procedure, it was not harmful to
the patient, and the benefit of early detection of glau-
coma outweighed any associated burden of this glauco-

ma test, Such testing is now considered the standard of

practice.

In light of such case law, the INR system can be
argued to be of a similar nature. Manufacturers of
thromboplastin routinely assign a sensitivity measure-
ment, the ISI value, to their product. The INR system
involves a mathematical calculation utilizing the tradi-
tional PTR and this sensitivity measurement.” Using
the INR adds an additional mathematical calculation in
the assessment of a patient’s oral anticoagulation thera-
py. This calculation is automatically performed by many
PT' measuring insauments used to monitor anticoagu-
lant. Thus, a minute burden, if any, is imposed on the
healthcare institution or provider responsible for testing
and monitoring patients receiving this therapy. On the
other hand, the burden of not adopting this system is
great.

Summary

In summary, warfarin is an agent that offers vast
clinical utility in minimizing the morbidity and mortal-
ity associated with thromboembolic events. However,
due to its narrow therapeutic range and low therapeutic
index, it warrants close monitoring to lessen the risk of
bleeding complications. With the introduction of
thromboplastin reagents that have varying degrees of
sensitivity, the assessment of the intensity of anticoag-
ulation therapy has forced modification of the tradi-
tional PT system. The INR system improves the
reliability of these P'T' assessments, thus improving
patient outcomes. Legally, but more important clini-
cally, literature supports the adoption of this system.
Failure to utilize the INR in assessing anticoagulation
therapy may be perilous to the patient as well as the
healthcare provider.
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