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ith the increasing use of the international normalized ratio (INR) to monitor war-

farin therapy,a number of problems with prothrombin time (PT) testing have been

identified that have led some laboratory physicians to question the reliability of the

INR.!' Thisisironic, because it was the introduction of the INR system that brought
tolight some of the long-standing problems with the technique of PT monitoring. However, these prob-
lems are not insurmountable if a compromise can be reached between the expectations of laboratory
physiciagls and of clinicians. Thus, the laboratory physician seeks a perfect assay system, which in the
case of the INR is unattainable at present, because of differences in PT reagents and methods. In con-
trast, the clinician is satisfied with asystem of monitoring that provides safe and effective warfarin dos-
ing. This goal can be achieved provided that certain details of PT testing are observed. In this commu-
nication, whichis directed to practicing clinicians, the potential problems with the INR system are dis-
cussed, their clinical relevance is critically reviewed, and solutions are offered.

Warfarin treatment must be monitored
closely because the anticoagulant re-
sponse to fixed dosages varies among in-
dividuals,? and the efficacy and safety of

is problematic is because thromboplastin
reagents vary in their responsiveness to
warfarin-induced reduction in clotting fac-
tors, a variability that is dependent on their

warfarin are highly dependent on main-
taining the anticoagulant effect within a
defined therapeutic range.>*> Laboratory
monitoring is usually accomplished by
measuring the PT. The PT is measured by
adding a thromboplastin reagent (which
is either an extract of mammalian tissue
rich in tissue factor or a recombinant prepa-
ration of human tissue factor in combina-
tion with phospholipid) to citrated plasma
and recording the time for clotting to oc-
cur after recalcification. The PT is respon-
sive to a reduction of three vitamin K—de-
pendent clotting factors (prothrombin and
factors VIl and X), the levels of which de-
crease at a rate that depends on their re-
spective half-lives.” The major reason why
control of warfarin therapy using the PT

method of preparation.”®

Theurgent need to standardize PT re-
porting was highlighted by two recent re-
ports in the United States®!° that demon-
strated that PT reagents used in North
America still differ markedly in their re-
sponsiveness to the anticoagulant effects
of warfarin. As a result, widely divergent
PT ratios may be obtained for the same
plasma sample, depending on the throm-
boplastin reagent that is used," a situa-
tion that can lead to inappropriate and dan-
gerous anticoagulant dosing.

There are a number of potential so-
lutions to this problem. The approach that
is now recommended is to standardize PT
monitoring by using the INR. a system that
adjusts for the variable sensitivities of the
different thromboplastin reagents. An al-
ternative approach would be to use throm-
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of responsiveness to warfarin-induced re-
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Relationship Between INR and PT Ratio Over an ISI Range of 1.0 to 2.8*

PT Ratio by ISI

r
INR 1.0 14 1.8

!
20 2.3 2.6 2.8

1.4-1.7 1.4-1.6 1.3-1.5 13-15
1.6-2.0 1.5-1.8 14-17 14-16

2.0-30 2.0-30 1.6-2.2 15-1.8
2.5-40 2.5-40 19-2.7 1.7-2.2

*INR indicates international normalized ratio: PT. prothrombin time: and ISI. International Sensi-

tvity Index.

duction of coagulation factors. A
third possibility might be to replace
the PT with a test that does not use
a thromboplastin reagent, avoiding
the limitations caused by the vari-
ability in responsiveness of these ma-
terials. The latter two approaches will
be discussed briefly before the prob-
lems associated with the INR svs-
tem are Teviewed.

STANDARDIZING THE
RESPONSIVENESS OF
THROMBOPLASTINS

This potential solution would re-
quire the cooperation of manufac-
turers to produce sensitive throm-
boplastin reagents with similar levels
of responsiveness to warfarin-
induced reduction of coagulation fac-
tors. This approach has been facili-
tated by the availability of human
recombinant tissue factor, which
makes it easier to produce sensitive
thromboplastin reagents in-commer-
cial quantities.

REPLACEMENT OF THE PT
WITH OTHER TESTS

Other laboratory tests that are easier
to standardize than the PT mav be
useful substitutes for monitoring
warfarin treatment. The most prom-
ising of these is the prothrombin (fac-
tor 1I) antigen assay, which was re-
ported to be better than the PT ratio
at predicting clinical eventsin stud-
ies of patients treated with warfa-
rin.'*!* Unfortunatelv however. an
insensitive thromboplastin was used
to mcasure the PT ratio in these stud-
ies. and it remains to be established
whether the PT antigen assay will be

as effective and safe as the PT ratio
when a sensitive thromboplastin is
used. Further randomized trials are
necessary to settle this issue. In ad-
dition. the utility of the prothrom-
bin antigen assay may be limited be-
cause it is more expensive and more
complicated to perform than the PT
test. Until these issues are settled, the
PT will continue to be the method
of choice for monitoring warfarin
treatment.

THE INR

The INR scheme for PT standardiza-
tionwasapproved by the Expert Com-
mittee on Biological Standardization
of the World Health Organization in
1983 after extensive and prolonged
study.” The INR corrects the PT ra-
tios obtained with thromboplastinre-
ageniswith different degrees of respon-
siveness to the warfarin-induced co-
agulation defect by standardizing the
resultagainstacommoninternational
reference preparation. Standardization
is achieved by converting the PT ra-
tio observed with any local thrombo-
plastintoacommonswndard, which
isthe INR The INRiscalculated as fol-
lows: INR = (Observed PT Ratio)-,
where the PT ratio is the patient’'s PT
value divided by the meannormal PT
value and ¢ indicates the power rep-
resenting the International Sensitiv-
ity Index (IS1) for each thromboplas-
1in. The INR system of reporting is
based onalogarithmicrelatonshipbe-
tween the PT ratios of the testandref-
erence preparation. The INRis the PT
ratio that would be obtained if the in-
ternational reference preparation,
which has an 1S1 of 1.0, were used to
perform the test. The ISIis the correc-
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ton factorin the equation that relates
the PTratio of the local reagent to the
reference preparation and isameasure
of the responsiveness ofagiven throm-
boplastin to reduction of the vitamin
K—dependentcoagulation factors: the
lower the ISL. the more “sensitive " the
reagentand the closer the derived INR
will be to the observed PT ratio.

The calculation of the INR is
relatively simple and can be per-
formed with a handheld calculator.
For example, if the PT ratio is 1.5
and the IS] of the thromboplastin is
1.8. the INR = 1.5'* = 2.07. The re-
lationship between the INR and PT
ratio over a range of 151 values is
shown in the Table.

After a slow start. the INR sys-
tem of PT standardization is being
adopted by an increasing number of
hospitals in North America. Thus,
whereas two reports from the United
States in 1992 showed that only a
very small proportion of centers were
reporting the PT ratio as an INR, by
mid-1993, about half of the partici-
pantsin the College of American Pa-
thologists proficiency testing pro-
gram were doing so (D. A, Triplett,
MD, oral communication, March 2,
1993). With the increasing use of the
INR system to replace the PT ratio
method of reporting, a number of
problems have been identified, and
the INR system has been criti-
cized.' The remainder of this article
will review these problems with the
INR system, consider their clinical
importance vis-a-vis the continued
use of PT system of reporting, and
suggest solutions.

PROBLEM 1

Lack of Reliability of the
INR System When Used at the
Onset of Warfarin Therapy

The PT is responsive to reduction in
three of the four vitamin K—dependent
procoagulants. factorI1.factor VIl and
factor X, butindividual thromboplas-
unreagentsvaryin their sensitivity to
decreases in these clotting factors,”™
particularly factors VIl and X. Since



the three vitamin K—~dependent clot-
ting factorshave varying rates of plasma
clearance, theirrelative contribution
1o the prolongation of the PT will be
different during the induction phase
of warfarin therapy (first few days) than
during the subsequent weeks to
months of treatment.'® Thus, during
the first 2 to 5 days of warfarin treat-
ment, the prolongation of the PT is
mainly the result of areductionin the
level of functional factor V1I, withsome
contribution from a decrease in fac-
tor X levels. In contrast, during longer-
term anticoagulation, the prolonga-
tion of the PT reflectsadecreaseinall
three vitamin K—-dependent coagula-
tion factors, whichare usually reduced
to a similar extent.

Toovercome the problemofthe
variable responsiveness of thrombo-
plastins to,factors V1l and X, plasma
samples collected during the induc-
tion phase are not used to calibrate
thromboplastins. Instead, the INR
schemeis based on 151 values derived
from the plasma of patients whose con-
ditions have stabilized while receiv-
inganticoagulant treatment forat least
6 weeks.'” Given this practice, there
is the potential for the INR to be un-
reliable early in the course of warfa-
rintherapyif reagents thatare relatively
insensitive to depletion of factors VII
and X are used.

This problem was investigated
by McKernan and associates,'® who
performed serial PT testing for 5 to
40 days after oral anticoagulant
therapy was started in 15 patients.
All plasma samples were tested in
parallel with five different throm-
boplastins (including the interna-
tional reference preparation). A wide
range of INR values was observed
when the same plasma was tested
with the different thromboplastins.
The variance appeared to be most
marked during the first 4 days of war-
farin therapy but persisted through-
out the period of study. Two factors
explained the divergence in INR val-
ues among the different thrombo-
plastins. These were (1) differences
in the responsiveness of the re-
agents to decreases in individual vi-

tamin K—dependent coagulation fac-
tors and (2) inaccurate calibration
of reagents by manufacturers. Al-
though the variance was consider-
able. the clinical relevance of these
differences is uncertain, because they
would have resulted in only mod-
est changes in warfarin doses dur-
ing the first 14 days of treatment.
Furthermore, among the different
thromboplastins, the INR values
were less variable than the PT ra-
tios during the initial stages of treat-
ment. Thus, this study clearly dem-
onstrates that the INR system of
reporting is superior to the non-
standardized PT ratio, even when
used to monitor patients soon after
warfarin therapy has been started.

Additional evidence that it is
safe to use the INR system during the
initial stages of warfarin therapy is
provided by the results of random-
ized trials in which the INR was used
to monitor treatment, even though
PT reagents with different sensitivi-
ties were used to titrate warfarin
doses. Anticoagulant therapy moni-
tored this way proved to be both ef-
fective and safe for the prevention
and treatment of venous thrombo-
sis, for the prevention of systemic
embolism in patients with pros-
thetic heart valves, and for the sec-
ondary prevention of myocardial in-
farction.?

Despite itslossofreliability in the
initial stages of warfarin therapy, when
thromboplastin reagents with differ-
ent ISI values are used, the INR sys-
temn is more reliable than the uncon-
verted PT ratio, and from the point of
view of clinicalmanagement, itappears
to be an effective and safe method of
monitoring warfarin therapy.

Potential Solutions

On the basis of the data described
above, some investigators have sug-
gested thatthe PT ratioshould be used
to monitor patientsin the early stages
of warfarin therapy and the INR should
be restricted to monitoring patientsre-
ceiving long-term anticoagulant
therapy. Notonlyisthisapproachim-
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practical and confusing, it isalso not
supported by the evidence. There is
evidence that the PT ratio is less re-
liable than the INRevenduring thein-
duction phase of warfarin treatment.
Althoughthere may be limitations of
the INRduring this period. they do not
adverselyaffect patient treatmentand
certainlvdo notjustifvabandoning the
INR system. Furthermore, itis likely
that the problems with the INR dur-
ing the early stagesof warfarin therapy
would be minimized if sensitive throm-
boplastins were used.

PROBLEM 2

INR System Loses
Accuracy and Precision
When Thromboplastins With
High ISI Values Are Used

Given that the INR is calculated by
raising the PT ratio to the power of
the ISI as follows: INR = PT ratio®',

_itisnotsurprising that the calculated

resultisless accurate when the PT test
is performed withinsensitive throm-
boplastins that have high ISI val-

"ues.'"8 For the same reason, the in-
-accuracies are greater with higher PT

ratios. Although these concepts are
supported by anumberof studies, ™"
the study by Moriarty and associates!”
will be discussed in some detail be-
cause it exemplifies the problem and
suggests a solution. Comparing 12
thromboplastins againsta secondary
reference thromboplastin, these in-
vestigators tested 20 control plasma
samplesand 60 plasmasamples from
patients who had been treated with
warfarin for at least 3 weeks. The IS
values of the thromboplastins varied
from approximately 1.0 to 2.2. The
points describing the relationship be-
tween the observed PT ratios were
plottedintwo ways: as INR valueson
both the horizontal and vertical axes
and as an [INR on the horizontal axis
and PT ratio on the vertical axis. Rep-
resentative examples of the results
with three different thromboplastins
are summarized here: thromboplas-
tin A, with an IS1 value of 0.98
(Figure 1): thromboplastin B, with
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Figure 1. Relationship between observed
prothrombin time (PT) ratios and international
normalized ratio (INR) values for
thromboplastin A (Australasian reference
thromboplastin 9-88). with an International
Sensitivity Index of 0.98. The dashed and solid
lines are the regression lines for the INR/INR
plots and the INR/PT ratio plots. respectively.

an IS value of 1.3 (Figure 2): and
thromboplastin C, with an [SI value
of 2.2 (Figure 3).

With thromboplastin A (1SI,
1.0), the regression lines represent-
ing the INR/INR and INR/PT ratio
plots were virtually identical (Fig-
ure 1).In addition, the variance was
minimal, and virtually all of thedata
points fell on the regression lines,
which had a slope of 45°. These data
demonstrate that a very responsive
thromboplastin (with an IS1 of 0.98.
almost identical to that of the refer-
ence preparation) is accurate and
precise over a wide range of INR
values.

Whena thromboplastin of inter-
mediate sensitivity (thromboplastin
B; ISI, 1.3) was used, there was con-
siderable divergence between the re-
gression lines representing the INR/
INRand INR/PT ratio plots. Although
there wasalso agreaterscatter of points
around the regression linein the INR/
INR plot, the slope of the line was still
approximately 45° (Figure 2). In ad-
dition. as expected, the PT ratio was
considerably lower than the INR, and
this difference was increased within-
creasingintensity ofanticoagulation.
These findings indicate that a throm-
boplastin withofan1Slof 1.3 is likely
to produce less accurate INR results
thanathromboplastin withan ISl close
10 1.0. Regardless of which thrombo-
plastin is used. however. the results
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Figure 2. Relationship between observed
prothrombin time (PT) ratios and internationai
normalized ratio (INR) values for
thromboplastin B (Simplastin Excel S. lot
0C-136). with an International Sensitivity Index
of 1.30. The dashed and solid lines are the
regression lines for the INR/INR plots and the
INR/PT ratio plots, respectively.

are more accurate when expressed as
INR values than as PT ratios.

The results with the less sensi-
tive thromboplastin C (1S}, 2.2),amid-
range North American thromboplas-
tin, are shown in Figure 3. There is
marked divergencebetween theregres-
sion lines representing the INR/INR
and INR/PT ratio plots. Thisdivergence
is already evident at an INR of 2.0,
where the corresponding PT ratio is
approximatelv 1.3.and isextreme with
anINR of 5.0, where the correspond-
ing PT ratio is approximately 2.0. In
addition, theabilityto discriminate be-
tween an INR of 3.0 (whichis the up-
perlevel of the therapeutic range and
represents arelatively safe level of an-
ticoagulation) and an INR of 5.0
(which is potentially dangerous) is
poor. The slope of the regression line
is less than 45°, although not greatly
less, indicating that even with thisless
responsive thromboplastin, the INR
systern remains valid. However. the
scatter of individual pointsaround the
regression line is considerable. dem-
onstrating again the potential forloss
ofaccuracy and precision with less re-
sponsive thromboplastins.

Potential Solution

The problem ofloss of accuracy and
precision of the INR system can be
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Figure 3. Relationship between observed
prothrombin time (PT) ratios and international
normalized ratio (INR) values for
thromboplastin C (BioMerieux 69260, lot
02601), with an International Sensitivity Index
of 2.19. The dashed and solid lines are the
regression lines for the INR/INR piots and the
INR/PT ratio plots, respectively.

solved by using sensitive thrombo-
plastins with ISI values close to 1.0.
However, even with poorly respon-
sive thromboplastins, conversion to
the INR system provides more ac-
curate results than reporting the re-
sults as a PT ratio.

PROBLEM 3

Loss of Accuracy of the INR
With Automated Clot Detectors

The INR system is based on a math-
ematical relationship between the PT
ratios obtained with test thromboplas-
tin and the international reference
preparation using a manual method
of dlotdetection. However, most mod-
ern laboratories now use automated
clotdetectors, introducing anew vari-
able. This variable does affect the ac-
curacy of the INR system.*% Stud-
ieshave shown that the observed INR
of the same plasma sample can vary
even when instruments of the same
make and model are used, > butisthe
magnitude of the variability clinically
important? This issue was addressed
inarecentreport by Poller and asso-
ciates.” Using the same responsive
thromboplastin (151, 1.12).over 100
laboratories measured the PT for
plasma samples obtained from war-
farinized patients and from normal
controls. The PT test was performed
either by the manual method or with



ratory control PT instead of a prop-
erly defined mean normal PT can
lead to erroneous INR calculations.
particularly with nonresponsive re-
agents. The mean normal PT is de-
termined by measuring the PT for
fresh plasma samples obtained from
at least 20 healthy individuals (and
preferably a larger sample from both
sexes over a range of age groups).
Since the distribution of PT values
is not normal. log-transformation
and calculation of a geometric mean
is recommended. Alternatively, the
median can be used, since this is a
close approximation of the geomet-
ric mean. The mean normal PT
should be determined with the same
reagent and on the same instru-
ment as the patient’s PT.*

Potential Solution

Laboratory personnel should be edu-
cated about the differences be-
tween mean normal PT and control
PT and should be instructed to cal-
culate the mean normal PT using
fresh plasma samples from at least
20 healthy subjects.

PROBLEM 6

High INR Values in
Overanticoagulated Patients
Can Produce Unnecessary Alarm

The expanded scale and logarith-
mic relationship of the INR system
results in much higher values in
overanticoagulated patients than val-
ues obtained with the PT ratio us-
ing less responsive thrombo-
plastins. For example. if a
thromboplastin with an IS of 2.8 is
used, an INR of 21.7 is equivalent
to a PT ratio of 3.0, and an INR of
13.01is equivalenttoa PT ratio of 2.5.
While a PT ratio of 2.5 is unlikelv
to evoke feelings of panic or even of
concern, the inexperienced physi-
cianis likely to be alarmed bvan INR
of 13.0. An approach to reversing a
high INR has been suggested in are-
cent publication and is summa-
rized below.

Potential Solution

A standard approach to treating pa-
tients with high INR values hasbeen
developed. The following protocol’
is offered:

1. If the INRis above the thera-
peutic range but below 6.0, if the pa-
tient is not bleeding. and if rapid re-
versalis not indicated for reasons of
surgical intervention. the next few
doses can be omitted. and warfarin
therapy can be resumed at a lower
dose when the INR is in the thera-
peutic range.

2. 1If the INR is above 6.0 but
below 10.0 and the patient is not
bleeding, or if rapid reversal is re-
quired because the patient needs
elective surgery, phytonadione (vi-
tamin K,) can be given subcutane-
ouslyatadose of 0.5 mg to 1 mgwith
the expectation that a demon-
strable reduction of the INR will oc-
curat 8 hours and that, in many pa-
tients, the INR will be in the
therapeutic range of 2.0 t0 3.0 within
24 hours. If the INR isremains high
at 24 hours, an additional dose of 0.5
mg of phytonadione can be given.
Warfarin treatment can then be re-
sumed at a lower dose.

3. If the INR is above 10.0 but
below 20.0 and the patient is not
bleeding, a higher dose of phytona-
dione (3 to 5 mg) should be given
subcutaneously with the expecta-
tionthat the INR will be reduced sub-
stantially at 6 hours. The INR should
be checked after 6 hours, and the
dose can then be repeated if neces-
sary. Subcutaneous injection of vi-
tamin K is preferred over intrave-
nous injection in these circumstances
because rapid intravenous infusion
of phytonadione can produce ana-
phvlactoid reactions.

4. Ifavery rapid reversal of an
anticoagulant effect is required be-
cause of serious bleeding or major
warfarin overdose (eg. INR >20.0).
phytonadione at a dose of 10 mg
should be given by slow intrave-
nous infusion (eg. over 20 to 30 min-
utes),and the INR should be checked
every 6 hours. The dose of phyto-
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nadione may have 1o be repeated ev-
ery 12 hours and supplemented with
plasma transfusion or prothrombir:
complex concentrate. depending on
the urgency of the situation.

5. In case of life-threatening
bleeding or serious warfarin over-
dose, replacement with prothrom-
bin complex concentrate is indi-
cated, supplemented with
intravenous phytonadione. 10 mg.
which should be repeated as neces-
sary depending on the INR.

6. 1f continued warfarin
therapy is indicated after high doses
of phytonadione have been admin-
istered, heparin can be given unti!
the effects of phytonadione have
been reversed and the patient be-
comes responsive to warfarin
therapy.

CONCLUSIONS

Historically, the INR system, which
is based on a mathematical model.
was developed to normalize the vari-
ability in PT ratios that results from
the marked differences in sensitiv-
ity of commercial thromboplastin re-
agenis to the anticoagulant effects of
warfarin. The INR system can be pre-
cise and valid when a sensitive
thromboplastin and a manual
method of clot detection are used.
However, it loses precisic? and ac-
curacy when used to convert PT ra-
tios obtained with less-sensitive
thromboplastin reagents or when au-
tomated clot detection systems are
used. These problems can be mini-
mized by using sensitive thrombo-
plastins with low ISI values and cali-
brating automated systems with well-
characterized plasma calibrants.
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. Al-
though the laboratorv physician
would like a perfect svstem with little
or no variability. this goal is unat-
tainable unless a standardized sen-
sitive reagent is universally adopted.
In contrast, the clinician wants a sys-



one of three different automated de-
vices, Using the manual methed, the
“true” INR levels of the three throm-
boplastins were 2.21,2.80,and +.34,
respectively. With all three instru-
ments. the derived INR valuesdiffered
from those obtained with the manual
method. In addition, the results ob-
tained with the threeautomared meth-
ads were more variable than those ob-
:ained with the manual method. The
variance in IS] determinations could
be reduced significantly by calibrat-
ing the instrument with 20 lyophi-
lized plasma samples that had been
certified centrally using the manual
method. Without this type of calibra-
tion, INR values with automated in-
strumentsdeviated by amean ofabout
10% from the true INR. However,such
differences may not be clinically im-
portant, ggovided that a sensitive
thromboplastin (151 value close to 1.0)
s used. With less sensitive thrombo-
olastins, the instrument effectis more
obvious, but this effect can be offset
and a reliable result can be obtained
by performinglocal calibration with
plasmas with certified INR values for
each newbatch of thromboplastin re-
agent.

Potential Solution

The problem resulting from the use
of automated instruments to mea-
sure the INR can be minimized by
using sensitive thromboplastins (1SI
values close to 1.0) and by calibrat-
ing each new batch of thromboplas-
un with lyophilized plasmas with
certified INR values. The problem
zannot be resolved by reporting the
results as a PT ratio.

PROBLEM +

Lack of Reliability of the
ISI Result Provided
by the Manufacturer

Anumber of investigators have noted
-nat the ISI value provided by the
manufacturer for each new batch of
“nromboplastin reagent may be in-
correct.M 1017373 The error is usu-

ally suspected and identified when
investigators calibrate a new lot of
thromboplastin against an old lot.
For example, in one recent report,
the inaccuracy was identified when
a new lot of thromboplastin re-
agent from the same manufacturer
produced INR values that were in-
consistent with those obtained with
the prior lot.! The manufacturer was
contacted and, after review, revised
the ISI value of the new lot from 2.23
10 2.05. When the INR values were
recalculated using the revised ISI, the
discrepancy was partly corrected. but
divergent INR values were still ob-
served in the upper range. A local
calibration was then performed us-
ing the prior thromboplastin re-
agent as the reference standard, and
alocal sensitivity index of 1.75 was
obtained for the new thromboplas-
tin. The authors concluded that bet-
ter standardization of thromboplas-
tin reagents was required among
manufacturers, preferably with
thromboplastins restricted to those
with an ISI close to the interna-
tional reference thromboplastin of
1.0. They also suggested that reli-
able secondary reference thrombo-
plastins calibrated against the World
Health Organization preparation
should be more widely available for
distribution so that local laborato-
ries can perform their own calibra-
tions.

It is clear that manufacturers
should be required to provide reli-
able IST values for each new lot of
thromboplastin reagent, since fail-
ure to do so leads to inaccurate war-
farin monitoring, with the poten-
tial for clinical disaster. The
recommended calibration protocol
for calculating the ISI of a throm-
boplastin is to perform the PT test
with a reference thromboplastin and
to test the thromboplastin on plasma
samples from 20 healthy individu-
als and from 60 patients receiving
oral anticoagulant therapy for at least
6 weeks. Although too cumber-
some for clinical laboratories. this ex-
ercise is within the capability of
manufacturers and should be ex-
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pected by consumers (clinical labo-
ratories and practicing physicians).
by government. and by medical regu-
latory bodies. Alternatively, an in-
dependent national standards labo-
ratory could be established to
calibrate each lot of thromboplas-
tin, providing independent verifica-
tion for clinical laboratories. If manu-
facturers could be relied on to pro-
vide accurate IS values. a large part
ofthe problem would be sotved. How-
ever, asalready discussed. some dis-
crepancies canstill occurbecause of
the effects of differentautomated in-
strurnents on the INR. Although the
instrument-related probiem is rela-
tively minor if responsive thrombo-
plastins are used. it can be trouble-
some with lessresponsive thrombo-
plastins. Pollerand associates® have
reported thatcalibrations can be per-
formed locally by using lyophilized
plasmas with known INR values to
calculate an instrument-specific ISI
for each new lot of thromboplastin.
Thus, the problem is solvable.

Potential Solution

The problem can be solved by ensur-
ing that manufacturers assignreliable
ISI values to their thromboplastins.
Clinicallaboratoriesshould selectsen-
sitive thromboplastins with low 1SI
values (<2.0 and preferably <1.5).
If less sensitive thromboplastins are
used, local calibrations should be per-
formed with certified lvophilized
plasmasamples with knownINR val-
ues to determine the instrument-
specific ISI.

PROBLEM 5

Incorrect Calculation of the
INR Resulting From Use of
Inappropriate Control Plasma

The PT ratio is calculated by divid-
ing the patient’s PT by the mean nor-
mal plasma PT. The mean normal
plasma PT is not interchangeable
with a laboratory control PT. since
these values can be substantiallv dif-
ferent.” Therefore, the use of a labo-



tern that permits safe and effective
warfarin dosing independent of the
reagent or the method used to per-
form the PT test. By using sensitive
thromboplastins with reliable 1SI val-
ues and reporting the results as an
INR. the laboratory physician can al-
iow the clinician to achieve this goal.
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