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ABSTRACT

Prothrombin time (PT) and activated partial thromboplastin time (APTT) are important screening tests that are used in
the laboratory evaluation of patients suspected of having congenital or acquired alterations of the coagulative phase of
hemostasis, including the presence of coagulation inhibitors. PT explores the extrinsic pathway and the common pathway
of the coagulation system and is also the test of choice to monitor the efficacy and safety of oral anticoagulant therapy
with anti-vitamin K (VKA) drugs. APTT explores the intrinsic pathway and the common pathway of coagulation and is
also used in monitoring unfractionated heparin therapy. How to communicate the results of these tests in the laboratory
report is still a source of debate today and many possibilities have been proposed: seconds, prothrombin activity, ratio
[the ratio between the coagulation time of the plasma under test and the Mean Normal Prothrombin Time (MNPT)] and
INR (International Normalized Ratio) for PT, seconds and ratio for APTT. As with all laboratory tests, it is necessary that
the results of these tests are communicated clearly, with a single value, to allow a correct and unambiguous interpretation
of the tests by the requesting clinicians. The use of multiple results for both tests can be confusing and contradictory in
some cases and can lead to incorrect interpretations of the tests. Aim of this document is to make proposals to harmonize
the laboratory report of these tests. For PT, it is recommended to use the ratio for patients who are not on anticoagulant
treatment with VKA and the INR for patients who are on VKA treatment. For APTT, there is only one correct way of
reporting the test results, which is represented by the ratio. Both tests, PT and APTT, must not be used to monitor the
Direct Oral Anti-Coagulants (DOACSs) therapy; for these tests, the use of specific tests is necessary.

Key words: coagulation screening tests, laboratory report, harmonization

INTRODUCTION

Prothrombin time (PT) and activated partial
thromboplastin time (APTT) are the most frequently
prescribed coagulation tests in general and specialized
laboratories for:

- pre-operative screening;

- monitoring of oral anticoagulant therapy with vitamin K
antagonist (VKAs) drugs (Coumadin and Sintrom);

-identification of congenital coagulation factor deficiencies
(with the exception of FXIII);

- identification of acquired deficiencies [e.g. reduced
intake or absorption of vitamin K, liver damage
Disseminated Intravascular Coagulopathy (DIC)].

Actually, as for the first indication, the sensitivity of
screening tests to the presence of bleeding disorders,
regardless of the reagents used, is very low (1.0-2.1%)
(1-4) and the International Society on Thrombosis and
Haemostasis - Bleeding Assessment Tool (ISTH-BAT),
a score based on clinical criteria and medical history
(5-8), should always be used by clinicians to assess
hemorrhagic risk. Actually, this score has an excellent
sensitivity to the presence of hemorrhagic diathesis,
much higher than the coagulation screening tests.

Furthermore, PT and APTT show variable sensitivity
to the presence of circulating anticoagulants directed
against specific coagulation factors or against negatively
charged antiphospholipid antibodies, such as lupus
anticoagulant (LAC) (9).
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APTTisalsosensitive tothe presence of unfractionated
heparin (UFH), while PT is not substantially affected by
the presence of this drug as commercial thromboplastins
(i.e. the reagents used to perform the PT) are spiked with
exogenous inhibitors of heparin (e.g. polybrene).

The presence of exogenous heparin inhibitors in
commercial thromboplastin allows the measurement
of INR during co-administration of VKA and UFH in the
treatment of acute venous thromboembolism (VTE). Low
molecular weight heparins (LMWH) do not affect PT; on
the other hand, contrary to widespread opinions, APTT
can be variously prolonged, depending on the type and
dose of LMWH used (9).

Aim of this document is to provide recommendations
for the harmonization for the laboratory report of
hemostasis assessment screening tests, expressing the
results of these tests in an univocal way, with a single result
and a single unit of measurement, allowing a correct and
unambiguous interpretation of the tests by the requesting
clinicians. The use of multiple reporting modalities for
these tests can in some cases, generate, confusion to the
point of leading to incorrect interpretations of the results
by clinicians.

PROTHROMBIN TIME

Since the original description by Quick in 1935 (10),
PT has represented and still represents an important
screening test in the laboratory evaluation of patients with
suspected hemostasis disorders. It is the most frequently
requested coagulation test in clinical laboratories.
Although PT was originally described as a specific
method to measure prothrombin (coagulation factor I1), it
is actually sensitive to the presence of quantitative and/or
qualitative abnormalities of any of the factors involved in
the extrinsic and the common pathways of the hemostatic
system (factors Il, V, VII, X and fibrinogen), as well as to
the presence of inhibitors of these factors. Moreover, it is
used as an early marker of liver disease, from moderate
to severe, or of chronic liver disease, with a sensitivity
equal to that of gamma glutamyl transpeptidase (y-GT).
PT is also the most commonly used test for monitoring
the efficacy and safety of VKAs therapy (Coumadin and
Sintrom).

PT is defined as the time (in seconds) needed to
coagulate the platelet poor plasma, obtained by an
appropriate centrifugation (9), after the addition of
coagulation triggering factors, such as tissue factor
complexed with phospholipids and calcium ions
(thromboplastin). Thromboplastin is therefore the
reagent used to perform the PT, numerous varieties of
thromboplastin preparations of human or animal origin
are commercially available, obtained either by extraction
or recombinant techniques. The different origin (animal
or human) and the different method used for their
preparation give thromboplastins important differences
in terms of sensitivity to congenital or induced by VKAs,
deficiencies. Further significant differences in the PT
results are also attributable to the method used to
determine the clot formation which involves the use of
photo-optical or mechanical coagulometers.
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The use of different types of thromboplastins coupled
with different analytical analyzers make available a
considerable number of systems, each potentially
capable of providing significantly different PT results.
This led in the ‘80s to the creation of a standardization
system, the International Normalized Ratio (INR), based
to the statistical approach of Kirkwood TB (11), in the
wake of earlier observations by Biggs et al. (12). The
INR system allows, utilizing codified procedures, the
calibration of commercial thromboplastins against an
international standard and the calculation of a sensitivity
index, the International Sensitivity Index (ISI). ISl is the
link between the thromboplastin to be calibrated and
the international standard. ISI values of 1 denote a
sensitivity of the commercial reagent equal to that of the
international standard, while ISI values >1 demonstrate
a lower sensitivity and vice versa. When ISl is known, it
is possible to transform the PT value into the INR scale
(13-16).

The INR value is obtained by dividing the coagulation
time of the plasma under examination by the Mean
Normal Prothrombin Time (MNPT) and raising the
ratio thus obtained (ratio) to a power equal to the ISI
value of the reagent in use. The MNPT represents the
geometric mean of the PTs of 20 (or more) apparently
healthy subjects, obtained under the same experimental
conditions as those of the tests performed in the
patients (17-18). INR, on the other hand, represents the
value of the PT that would have been obtained if the
international standard had been used. Since the ISI has
an exponential effect on the INR result, thus amplifying
even small differences, it is recommended to use
reagents with IS| values as close as possible to the unit.
The thromboplastins currently on the market in Italy show
ISI values between 0.93 and 1.05 for thromboplastins
obtained with recombinant technique and between 1.01
and 1.33 for thromboplastins of extraction origin.

Different units to report Prothrombin Time results
Seconds

Seconds are the unit absolutely NOT to be used
as they are strongly affected by the reagent and the
instrument utilized (19); there is, moreover, a significant
intra- and inter-day variability linked both to the reagent’s
reconstitution and its stability. The only exception to the
above applies when the test is required for the DIC
diagnosis and monitoring: in this case the DIC score of
ISTH (20-21) recommends, up to now, only the use of
seconds, assigning a different score depending on the
prolonged PT (<3 seconds, O points; between 3 and 6
seconds, 1 point; >6 seconds, 2 points).

Prothrombin activity

The prothrombin activity (or percentage activity) has
some important limitations related particularly to the
type of the curve that is used for calibration. The shape
of the calibration curve (hyperbolic) tends to parallel the
axes at low and high dilutions and therefore makes the
percentage activity not very sensitive to the variation of
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clotting times at low percentage activity and excessively
reactive at high percentage activity, respectively. This
effect implies that relatively large changes in clotting
time in patients with VKAs may result in relatively small
percentage changes in activity, thus complicating the
dose adjustment of patients using these drugs.

In contrast, small changes in clotting time in healthy
subjects result in large variations in percentage activity,
which may occasionally lead to values much higher
than 100% (corresponding to the highest reference
limit), which could be misinterpreted as an marker
of hypercoagulability. In addition, percentage activity
does not take into account the different sensitivity of
commercial thromboplastin to the VKA-induced defect:
therefore, percentage activity of PT cannot be used to
monitor patients taking VKAs (22).

Ratio

At the beginning of the ‘60s, the use of the ratio
was proposed as a replacement of the percentage
activity; this parameter is rather intuitive as it is evident
that ratios lower or higher than 1 respectively indicate
increased or defective hemostasis. Although the PT-ratio
is a more robust parameter than the percentage activity,
it is however not able to take into account the different
sensitivity of commercial thromboplastins to the deficit
induced by VKAs and therefore cannot be used for
monitoring efficacy and safety of VKA therapy. Its use
should therefore be reserved only for patients who are
not treated with VKAs.

As reported above (17,18), the ratio must be obtained
from the geometric mean of the PTs of 20 (or more)
apparently healthy subjects, obtained under the same
experimental conditions as those in which the tests are
performed in patients.

International Normalized Ratio

As previously described, ISI is a reliable measure
of the sensitivity of various commercial thromboplastin
to VKA-induced deficits compared to the international
standard and can be used to convert the PT-ratio to INR
according to the equation (23-25):

INR=(PT-ratio)s'.

By definition, the INR represents the PT value that would
have been obtained if the patient’s plasma had been tested
with the international reference standard rather than with
the commercial thromboplastin used in the laboratory. In
1983 the calibration model of thromboplastins proposed
by Kirkwood TB (11) was approved by the Committee of
experts on biological standardization of the World Health
Organization (WHO), which issued Guidelines (GL) for
its application (13); over the years improvements have
been proposed up to the current model, detailed in the
latest GL issued by WHO in 2013 (14). Commercial
thromboplastin manufacturers have been asked to report
the ISI of their thromboplastin by calibrating them to
existing international standards on a similar basis (same

species) for all instruments of their production. The
cornerstone of these GL is the preparation and supply
of thromboplastin standards from different species, which
are interconnected by iterative calibration (predecessor-
successor) by means of international collaborative
studies, which ensure continuity of the system over
time. Currently, there are two international standards
made available by the WHO: RBT/05 from rabbit brain
and rTF/09 from recombinant human re-lipidated tissue
factor. By definition, the INR (as a harmonization scale)
is only valid for patients in the stable phase of treatment
with VKAs. In all other circumstances, i.e. outside the
VKA treatment, from a semantic point of view, INR could
not be used for reporting of results. It is necessary,
however, underline that it is used more and more often
to express PT values in the recent literature, even in
scientific journals of international prestige, such as
Journal of Thrombosis and Haemostasis (26), PLOS One
(27), Journal of Pediatric and Neonatal Individualized
Medicine (28) and International Journal of Laboratory
Hematology (29). Other authors argue, however, that
INR fails to harmonize the results between different
thromboplastin when it is used to express the PT results
in patients with chronic liver disease, in patients with
acquired factor deficiency of pro-coagulants in DIC or
in treatment with Direct Oral Anti Coagulants (DOAC).
This is due to the fact that ISI (which is the cornerstone
of the calibration model) is determined using plasma
from patients in stable phase of VKA therapy, and is
therefore dependent only on the hemostasis defects
induced by these drugs. VKA-induced coagulation
abnormalities show characteristics different from other
defects that may prolong PT (e.g. chronic liver disease,
DIC, hypocoagulability due to a single factor deficiency,
some DOAC). In the case of end-stage liver disease,
the Model for End-stage Liver Disease (MELD) score
(which includes bilirubin, creatinine and INR) is used to
evaluate the priority for liver transplantation (30): some
authors (31) have proposed the use of another model of
calibration (INR-LIVER) to replace INR-VKA.

When reporting the INR instead of the ratio, for ratio
values >1.00 (scope of interest), the resulting relative
error, is given by the formulas

error=(INR-ratio)/ratio
or
error=(ratio-INR)/ratio

respectively for ISI >1.00 or ISI <1.00.

The definition of the maximum acceptable error
can be based on various clinical or laboratory criteria.
A possible solution, to avoid the arbitrariness of this
choice, is to use one of the three models presented at the
EFLM strategic conference in Milan in 2014 (outcome,
biological variability, state of the art) (32-34). According
to the biological variability model, the total error (TE)
derives from the linear combination of imprecision (I) and
bias (B):

TE=1.65xI+B,
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where | and B are calculated from the intra-individual
(CVi) and inter-individual (CVg) biological variability.

Since meta-analytic estimates of the PT biological
variability are not currently available in the EFLM
database (https://biologicalvariation.eu/), Table 1 shows
the biological variability data from two recent studies
and from the Westgard 2014 online database (https://
www.westgard.com/biodatabase1.htm). Table 1 also
reports estimates of desirable bias, imprecision, and TE
(35-37). It seems logical for the maximum acceptable
error, resulting from considering the INR instead of the
ratio, not to use TE, since it is also determined by the
contribution of imprecision, but rather the bias alone.
According to that, it is therefore possible to calculate,
for any ISI value, the maximum allowable INR at which
the error (due to reporting INR instead of ratio) does not
exceed the chosen bias of 2.00% (0.02). To this aim, for
ratios >1.00, the following formula are used:

INR=(error+1)’S"s-1 when ISI >1.00
and
INR=(1-error)'S"'S-) when ISI <1.00

For example, when the ISl in use in the laboratory is
1.05, the maximum allowable INR which can be reported
(corresponding to a maximum acceptable error of 2.00%
due to reporting INR instead of PT-ratio) is equal to:o

INR=(0.02+1)\[1.05/(1.05-1)]=1.52.

Using the formulas indicated above, respectively for

ISI values >1.00 or <1.00, Table 2 shows the maximum

reportable INR, for ISI ranging between 0.95 and 1.05, at

which the error done, due to having used INR instead of

the ratio, does not exceed the chosen 2.00%.

It is opportune to add some clarifications to the
reasoning:

- the relevant studies have fairly overlapping estimates;
in the absence of meta-analytical estimates values of
2.00% for bias and of 5.00% for TE, respectively, should
be considered;

-the biological variability model is calculated on healthy
subjects, with ratio values in the range of 0.8-1.2. In this
context, the bias, based on CVi and CVg, is <2.00%;
however, for higher ratio values, a higher bias value is
probable and therefore the 2.00% estimate considered
is conservative;

Table 1

Estimates of the intra- (CVi), and inter-individual (CVg) biological

variability and the desirable performances for imprecision (I),

bias (B) and total error (TE) are presented according to the

different source of data.

Source CVi Cvg B TE
Falay et al. 2018 278 507 139 145 374
(35)
Online database 2014, oy §g9 200 197 527
(36)
Carobene. etal. 2021 , 6y 510 130 143 358

(37)
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Table 2

For ISI values between 0.95 and 1.05, the INR values at which
the maximum error obtained is lower than the chosen limit of
2.00% are reported.

1SI maximum accettable INR
0.95 1.47
0.96 1.62
0.97 1.92
0.98 2.69
0.99 7.39
1.01 7.39
1.02 2.75
1.03 1.97
1.04 1.67
1.05 1.52

- the error “budget” attributable to the bias in the previous
reasoning was completely “spent” on the error deriving
from the mathematical transformation from ratio to
INR, implying an analytical bias equal to 0.00%. In the
presence of analytical bias, the maximum acceptable
error for the transformation to INR would be less than
2.00%, with INR values lower than those reported in
Table 2.

As can be observed in Table 2, if the PT was incorrectly
reported as INR rather than as ratio (incorrect inclusion
of the diagnostic question or lack of knowledge of a
possible treatment with VKA), the resulting error would
be tolerable within certain limits of the INR, more or less
restrictive depending on the ISI in use in the laboratory.

For patients treated with DOAC, the PT results have
to be espressed as ratio; reporting INR in these patients
is strictly not recommended. In any case, to measure
the DOAC plasma concentration and then evaluate the
intensity of the anticoagulation achieved in these patients,
only the tests suggested by the available GL, Position
Papers and documents of the Scientific Societies (38-42)
should be used.

RECOMMENDATION FOR THE PROTHROMBIN
TIME LABORATORY REPORT

It is highly recommended that any PT request
always be accompanied by indications of any ongoing
anticoagulant treatments, thus facilitating not only the
interpretation of the results, but also the choice of the
correct unit of measurement to use in the report

We recommend the use of only one unit of
measurement:

- Ratio for patients who are NOT on vitamin K antagonists
treatment

or

- INR for patients treated with vitamin K antagonists
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ACTIVATED PARTIAL THROMBOPLASTIN TIME

APTT is a comprehensive coagulation test that
explores the intrinsic pathway of hemostasis and is
sensitive to factors of the intrinsic pathway and the
common pathway and to factors of the contact phase.
Actually, the APTT is altered in case of deficit of the
factors of the phase of contact: prekallikrein (PK), high
molecular weight kininogen (HMWK) and factor XII, which
do not give clinical hemorrhagic manifestations. It is also
prolonged in the deficiency of intrinsic pathway factors
XI, IX and VIII and, together with PT, in the deficiency of
the common pathway factors X, V and Il and fibrinogen
(9,43-49).

APTT is commonly required by clinicians to evaluate
the intrinsic pathway of the coagulation system and then to
assess the possible deficiency of one of the factors of the
intrinsic pathway (VIII, IX, and XI). It is important to note,
however, that although prolonged APTT is commonly
present in patients with severe/moderate hemophilia,
normal APTT does not exclude mild hemophilia, due
to the different sensitivity of APTT reagents to different
factor deficiencies (50-53).

Most APTT reagents (defined as cephalin or partial
thromboplastin, as they do not contain tissue factor) are
also sensitive to contact factor deficiency (XIl, PK and
HMWK); these deficits are not clinically relevant, as they
are not associated with hemorrhagic diathesis.

APTT can also be altered in other acquired conditions
such as liver disease, severe vitamin K deficiency and
in DIC. In the latter case, the alteration also affects the
primary hemostasis and this often leads to abnormalities
of the bleeding time and the number of platelets (54-56).
APTT is commonly used for monitoring UFH therapy.
Historically, the therapeutic range for the treatment of
venous thrombosis had been empirically fixed at APTT
values corresponding from 1.5 to 2.5-fold the baseline
value (57). Subsequently, it was realized that this APTT
prolongation does not accommodate the wide variety
of commercially available APTT reagents; it has also
been shown that the indiscriminate application of this
therapeutic range, regardless of the reagent used, could
lead to the patient being under- or over-anticoagulated,
when poorly or overly responsive APTT reagents are
used for dose adjustment to UFH, effectively preventing
a correct heparin therapy (58-70).

Attempts have been made to translate the concept
of INR for APTT as well, by providing an international
APTT standard against which to calibrate commercial
APTT reagents [66]. However, the calibration model
was excessively complex to apply in practice and was
abandoned also because UFH was subsequently and
gradually replaced by LMWHSs, since these drugs do
not usually require strict laboratory control for dose
adjustment. However, there are still clinical conditions
in which UFH is prescribed, so clinical laboratories
measuring APTT and physicians prescribing UFH need
to be aware of these pitfalls: in other words, therapeutic
ranges need to be validated for the APTT reagent in
use in each individual laboratory. This can be achieved

by two methods: titration with protamine sulfate (58) or
assay of anti-FXa activity (60,71-73); the latter method
is certainly to be preferred due to the excellent analytical
reproducibility of the test. The therapeutic range of
UFH, when measured by the chromogenic method for
measuring anti-Xa activity, is 0.3 to 0.7 UFH units/mL
(74-75).

In the absence of a result expression system that
harmonizes the measurements obtained with different
reagents, it is recommended to use the reagent and
the therapeutic range for which there is a consolidated
clinical experience. When it is necessary to change
the reagent, it is mandatory to determine the sensitivity
of the new APTT reagent against UFH and to verify its
therapeutic range as a function of the response to the
dose of the heparin administered using the anti-Xa test
in a concentration range between 0.3 and 0.7 units of
heparin/mL.

APTT may be prolonged in the presence of LMWHs,
vitamin K antagonists and DOACs (9,43,47-49,76).
Finally, APTT is sensitive to the presence of circulating
anticoagulants directed against single coagulation
factors (for example anti-factor VIl antibodies) or against
phospholipid binding proteins (LAC). It is of extreme
clinical importance that laboratory diagnostics addresses,
with the aid of the APTT mixture test (77-81), and
identifies, with the help of specialized coagulation tests,
the type of defect responsible for the alteration of APTT.
Actually the factor deficit, the presence of anti-factor
autoantibodies and LAC are associated with opposite
clinical manifestations: hemorrhage in factor deficit and
in the presence of anti-factor antibodies or thrombosis in
the case of antibodies type LAC (43,49,80).

APTT is defined as the time, expressed in seconds, for
an aliquot of plasma, made platelet-poor by appropriate
centrifugation (9,82) to clot following the addition of a
contact phase activator, of partial thromboplastin as a
platelet substitute, plus calcium ions at 37°C (43,47-49).
The partial thromboplastins (cephalins) used to perform
the APTT are phospholipid extracts of animal tissue or
plant origin or are synthetic products. Phospholipids
act as platelet substitutes in the intrinsic pathway. The
lipid composition of different APTT reagents, however,
varies considerably. These discrepancies markedly
affect responses to coagulation defects, heparin, and
coagulation inhibitors (43-50).

Other components that can influence the coagulation
response of the APTT, include the type of activator, the
length of the plasma incubation time, and the composition
of the buffers (43-50). Activators include particulate
activators such as kaolin, celite, and micronized silica,
while other activators, such as ellagic acid, are non-
particulate. The amount of activator present in the
different commercial reagents, and the length of the
incubation time of the tests, show considerable variations.
The tendency of most of the reagents on the market is to
use less opaque activators to avoid interference in the
reading of the formation of the clot in photo-optical type
coagulometers. Further differences in the clotting times
of the different APTT reagents can be ascribed to the
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methodology used to determine clot formation: photo-
optical or electromechanical/magneto-mechanical (44-
50).

The combination of activator-phospholipids with other
components such as the type of instrument and the
incubation times provide, as a consequence significantly
different APTT results (9,43-50).

Different units to report Activated Partial
Thromboplastin Time results

Seconds

Absolutely NOT to be used as the times obtained are
strongly affected by the different phospholipid composition
of the cephalins, their preparation methods, the type of
activator present in the reagents, the incubation times, the
type of coagulometer used, the methods to reconstitute
the reagents, the batch-to-batch variability.

Ratio

The reporting of the results as APTT Ratio (the
coagulation time of the patient divided by the “normal
value”) as reported in the literature improves the
comparability of APTT results between different
laboratories and within the same laboratory, in particular
for the adjustment of heparin dose in the monitoring
of UFH therapy (16) and in the laboratory diagnosis of
LAC, as suggested by recent ISTH guidelines (77). As
shown above for PT (17,18), for APTT the ratio should be
derived from the geometric mean of APTT of 20 (or more)
apparently healthy subjects, obtained under the same
experimental conditions as those in which examinations
are performed in patients.

RECOMMENDATIONS FOR THE ACTIVATED
PARTIAL THROMBOPLASTIN TIME LABORATORY
REPORT

We recommend the use of only one unit of
measurement:
-Ratio

TAKE HOME MESSAGES

-The use of multiple units to express the results of PT and
APTT is strongly discouraged; double results (seconds
and ratio for APTT) or even triple or quadruple (i.e.
coagulation time, prothrombic activity, INR and ratio
for PT) are strictly not recommended, as they are not
educational, do not meet the requirements of proper
reporting and can be misleading (83-90).

-The reference values of the PT-ratio and the
APTT-ratio should be calculated locally, checked
periodically (at least once a year) and recalculated in
case of instrumental, reagent and batch changes.

-The INR results, due to the different therapeutic ranges
relating to the patient specific thrombotic disease
(venous or arterial, biological or mechanical heart

biochimica clinica, 2023, vol.47, n.4

valves), should always be accompanied by a note
(for example “The therapeutic range varies according
to the disease for which the patient is treated with the
anticoagulant drug”).

- The APTT should be reported only as a ratio, indicating
the reference range, possibly calculated locally and with
the same suggestions as above for the PT. Even if UFH
therapy is nowadays much less used than in the past,
it would be appropriate to indicate the suggested (and
possibly locally calculated) therapeutic range for the
APTT reagent in use in the laboratory, due to the great
variability of response of commercial cephalins to the
presence of heparin.

- PT and APTT must not be used to evaluate the
anticoagulant activity of DOACSs; for these drugs, the
specific tests suggested by the reference Guidelines
have to be utilized.

CONFLICT OF INTEREST

None

REFERENCES

1. Hayward CPM, Moffat KA. Laboratory testing for bleeding
disorders: strategic uses of high and low-yield tests. Int J
Lab Hematol 2013;35:322-33.

2. Hayward CP, Moffat KA, Plumhoff E, Van Cott EM.
Approaches to investigating common bleeding disorders:
an evaluation of North American coagulation laboratory
practices. Am J Hematol. 2012;87 Suppl1:5S45-S50.

3. Hayward CPM. How | investigate for bleeding disorders. Int
J Lab Hematol 2018;40:Suppl 1:S6-S14. [Review]

4. Hayward CP, Moffat KA, Liu Y. Laboratory investigations for
bleeding disorders. Semin Thromb Hemost 2012;38:742-52.
[Review]

5. Elbaz C, Solberg M. An illustrated review of bleeding
assessment tools and common coagulation tests. Res Pract
Thromb Haemost 2020;4:761-73

6. Gooijer K, Rondeel JMM, van Dijk FS, Harsevoort
AGJ, Janus GJM, Franken AAM. Bleeding and bruising
in Osteogenesis Imperfecta: International Society on
Thrombosis and Haemostasis bleeding assessment tool
and haemostasis laboratory assessment in 22 individuals.
Br J Haematol 2019;187:509-17.

7. Hansen RS, Carlsen M, Rasmussen KF, Vinholt PJ.
Translation, validation, and usability of the International
Society on Thrombosis and Haemostasis Bleeding
Assessment Tool (Self-ISTH-BAT). Eur J Haematol
2021;107:104-10.

8. Kaur H, Borhany M, Azzam H, Costa-Lima C, Ozelo
M, Othman M. The utility of International Society on
Thrombosis and Haemostasis-Bleeding Assessment Tool
and other bleeding questionnaires in assessing the bleeding
phenotype in two platelet function defects. Blood Coagul
Fibrinolysis 2016;27:589-93.

9. Clinical and Laboratory Standard Institute (CLSI). One-
Stage Prothrombin Time (PT) Test and Activated Partial
Thromboplastin Time (APTT) Test; approved guideline, 2nd
ed. — CLSI document H47-A2. CLSI, Wayne, PS, 2008.

10. Quick AJ. The prothrombin in hemophilia and in obstructive
jaundice. J Biol Chem 1935;109:73-4.

11. Kirkwood TB. Calibration of reference thromboplastins
and standardization of the prothrombin time ratio. Thromb
Haemost 1983;49:238-44.




DOCUMENTI SiBioC

SIBioC DOCUMENTS

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Biggs R, Denson KW. Standardization of the one-stage
prothrombin time for control of anticoagulant therapy. Br
Med J 1967;1:84-8.

WHO Expert Committee on Biological Standardization. 33rd
report. Technical Report Series 1983, No. 687. https://www.
who.int/publications/i (ultimo accesso; settembre 2023).
WHO Expert Committee on Biological Standardization. 62nd
report. Technical Report Series 2013, No. 979.https://www.
who.int/publications/i (ultimo accesso; settembre 2023).
Chantarangkul V, van den Besselaar AMHP, Witteveen E,
Tripodi A. International collaborative study for the calibration
of a proposed international standard for thromboplastin,
rabbit, plain. J Thromb Haemost 2006;4:1339-45.

Tripodi A, Chantarangkul V, van den Besselaar AMHP,
Hubbard AR; subcommittee on Control of Anticoagulation
of the SSC of the ISTH. International collaborative study
for the calibration of a proposed international standard
for thromboplastin, human, plain. J Thromb Haemost
2010;8:2066-8.

Peters RH , van den Besselaar AM, Olthuis FM.
Determination of the mean normal prothrombin time for
assessment of international normalized ratios. Usefulness
of lyophilized plasma. Thromb Haemost 1991;66:442-5.
Taberner DA, Poller L, Thomson JM, Darby KV. Effect of
international sensitivity index (ISI) of thromboplastins on
precision of international normalised ratios (INR). J Clin
Pathol 1989;42:92-6.

Chandler WL. Initial evaluation of hemostasis: reagent and
method selection. In: Kitchen S, Olson JD and Preston FE,
eds. Quality in Laboratory Hemostasis and Thrombosis,
Second Edition. Oxford: John Wiley & Sons, Ltd; 2013;63-
71.

Taylor FB Jr, Toh CH, Wada H, Levi M. Towards definition,
clinical and laboratory criteria, and a scoring system for
disseminated intravascular coagulation. Thromb Haemost
2001;86:1327-30.

Ding R, Wang Z, Lin Y, Liu B, Zhang Z, Ma X. Comparison
of a new criteria for sepsis-induced coagulopathy and
International Society on Thrombosis and Haemostasis
disseminated intravascular coagulation score in critically ill
patients with sepsis 3.0: a retrospective study. Blood Coagul
& Fibrinolysis 2018;29:551-8.

Palareti G, Coccheri S, Poggi M, Bonetti M, CerviV, Mazzuca
A, et al. Oral anticoagulant therapy control: evidence that
INR expression improves the inter-laboratory comparability
of results — the Bologna oral anticoagulant control exercise.
Thromb Haemost 1987;58:905-10.

Favaloro EJ, Hamdam S, McDonald J, McVicker W, Ule
V. Time to think outside the box? Prothrombin time (PT),
international normalized ratio (INR), international sensitivity
index (ISI), mean normal prothrombin time (MNPT) and
measurement of uncertainty (MU): a novel approach to
standardisation. Pathology 2008;40:277-87.

Favaloro EJ, McVicker W, Zhang Y, Hamdam S, Huynh M,
Peris P, et al. Improving the inter-laboratory harmonization of
the international normalized ratio (INR): utilizing the concept
of transference to estimate and/or validate international
sensitivity index (ISI) and mean normal Prothrombin time
(MNPT) values and/or to eliminate measurement bias. Clin
Lab Sci 2012;25:13-25.

Favaloro EJ. Optimizing the Verification of Mean Normal
Prothrombin Time (MNPT) and International Sensitivity
Index (ISI) for Accurate Conversion of Prothrombin Time
(PT) to International Normalized Ratio (INR). Methods Mol
Biol 2017;1646:59-74.

Vlachodimitropoulou Koumoutsea E, Vivanti AJ, Shehata
N, Benachi A, Le Gouez A, Desconclois C, et al. COVID-19

27.

28.

29.

30

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

and acute coagulopathy in pregnancy. J Thromb Haemost.
2020;18:1648-52.

Kim HJ, Michael K, Wee JH, Oh JS, Kim WY, Cho IS, et al.
Coagulation measures after cardiac arrest (CMACA). PLoS
One 2023 Jan 6;18:e0279653.

Khadadah F, Gabarin N, Jiwajee A, Nisenbaum R, Hanif H,
James P, et al. Reducing use of coagulation tests in a family
medicine practice setting: An implementation study. Res
Pract Thromb Haemost 2022 ;6:€12843.

Mitsiakos G, Katsaras GN, Pouliakis A, Papadakis E,
Chatziioannidis |, Mitsiakou C, et al. Neonatal haemostatic
parameters in correlation to gestational age and birth weight.
Int J Lab Hematol 2022;44:952-8.

. Wiesner R, Edwards E, Freeman R, Harper A, Kim R,

Kamath P, et al. United Network for Organ Sharing Liver
Disease Severity Score Committee. Model for end-
stage liver disease (MELD) and allocation of donor liver.
Gastroenterology 2003;124:91-6.

Tripodi A, Chantarangkul V, Primignani M, Fabris F, Dell’Era
A, Sei C, et al. The international normalized ratio calibrated
for cirrhosis (INR-liver) normalizes prothrombin time results
for model for end-stage liver disease calculation. Hepatology
2007;46:520-7.

Rudez G, Meijer P, Spronk HM, Leebeek FW, ten Cate
H, Kluft C, et al. Biological variation in inflammatory and
hemostatic markers. J Thromb Haemost 2009;7:1247-55.
Graziani MS. 1st EFLM Strategic Conference ‘Defining
analytical performance goals 15 years after the Stockholm
Conference on Quality Specifications in Laboratory
Medicine’. Biochim Clin 2015;39:78-9.

Panteghini M, Sandberg S. Defining analytical performance
specifications 15 years after the Stockholm conference. Clin
Chem Lab Med 2015;53:829-32.

Falay M, Senes M, Korkmaz S, Turhan T, Okay M, Oztiirk
BA, et al. Biological variation estimates of prothrombin time,
activated partial thromboplastin time, and fibrinogen in 28
healthy individuals. Int J Lab Hematol 2018;40:721-725.
Westgard J. Desirable Biological Variation Database
specifications.  https://www.westgard.com/ biodatabase1.
htm (Last access: September 2023).

Carobene A, Aarsand AK, Bartlett WA, Coskun A, Diaz-
Garzon J, Fernandez-Calle P, et al. The European Biological
Variation Study (EuBIVAS): a summary report. Clin Chem
Lab Med 2021;60:505-17.

Gosselin RC, Adcock DM, Bates SM, Douxfils J, Favaloro
EJ, Gouin-Thibault 1, et al. International Council for
Standardization in Haematology (ICSH) recommendations
for laboratory measurement of direct oral anticoagulants.
Thromb Haemost 2018;118:437-50.

Tripodi A, Ageno W, Ciaccio M, Legnani C, Lippi G, Manotti
C, et al. Position Paper on laboratory testing for patients
on direct oral anticoagulants. A Consensus Document from
the SISET, FCSA, SIBioC and SIPMeL. Blood Transfus
2018;16:462-70.

Douxfils J, Ageno W, Samama CM, Lessire S, Ten Cate H,
Verhamme P, et al. Laboratory testing in patients treated with
direct oral anticoagulants: a practical guide for clinicians. J
Thromb Haemost 2018;16:209-19.

Rimsans J, Douxfils J, Smythe MA, Gosselin RC. Overview
and practical application of coagulation assays in managing
anticoagulation with direct oral anticoagulants (DOACs).
Curr Pharmacol Rep 2020;6:241-59.

Douxfils J, Adcock DM, Bates SM, Favaloro EJ,
Gouin-Thibault 1, Guillermo C, et al. Update of the
International Council for Standardization in Haematology
Recommendations for Laboratory Measurement of Direct
Oral Anticoagulants. Thromb Haemost 2021;121:1008-20.

biochimica clinica, 2023, vol.47, n.4

383



DOCUMENTI SIBioC

SIBioC DOCUMENTS

384

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Poller, L & World Health Organization. Health Laboratory
Technology Unit. (1998). The activated partial thromboplastin
time / prepared on behalf of the World Health Organization
by L. Poller. World Health Organization. https://apps.who.int/
iris/handle/10665/66180 (Last access: September 2023)
Brandt JT, Arkin CF, Bovill EG, Rock WA, Triplett DA.
Evaluation of APTT reagent sensitivity to factor IX and factor
IX assay performance. Arch Pathol Lab Med 1990;114:135-
141.

Winter WE, Flax SD, Harris NS. Coagulation Testing in the
Core Laboratory. Lab Med 2017;48:295-313.

Kershaw G. Performance of Activated Partial Thromboplastin
Time (APTT): Determining Reagent Sensitivity to Factor
Deficiencies, Heparin, and Lupus Anticoagulants. Methods
Mol Biol 2017;1646:75-83.

Lippi G, Favaloro EJ. Activated partial thromboplastin
time: new tricks for an old dogma. Semin Thromb Hemost
2008;34:604-11.

Rapaport SI, Vermylen J, Hoylaerts M, Saito H, Hirsh J, Bates
S, et al. The multiple faces of the partial thromboplastin time
APTT. J Thromb Haemost 2004;2:2250-9.

Thomson JM, Poller L. The activated partial thromboplastin
time. In: Blood Coagulation and Haemostasis: A Practical
Guide. Edinburgh, Scotland: Churchill Livington; 1985:301-
309.

Bowyer A, Kitchen S, Makris M. The responsiveness
of different APTT reagents to mild factor VIII, IX and XI
deficiencies. Int J Lab Hematol 2011;33:154-8.

Puetz J, Hugge C, Moser K. Normal aPTT in children with
mild factor XI deficiency. Pediatr Blood Cancer 2018;65:4.
Wang X, Tang N, Shen N, zZhu Y, Lu Y, Gao L. Normal
activated partial thromboplastin time in Chinese patients
with mild hemophilia B. Hematology 2020;25:484-8.

Park CH, Seo JY, Kim HJ, Jang JH, Kim SH. A diagnostic
challenge: mild hemophilia B with normal activated partial
thromboplastin time. Blood Coagul Fibrinolysis 2010;21:368-
71.

Levi M, Toh CH, Thachil J, Watson HG. Guidelines
for the diagnosis and management of disseminated
intravascular coagulation. British Committee for Standards
in Haematology. Br J Haematol 2009;145:24-33.

Boral BM, Williams DJ, Boral LI. Disseminated Intravascular
Coagulation. Am J Clin Pathol 2016;146:670-80.

Gando S, Levi M, Toh CH. Disseminated intravascular
coagulation. Nat Rev Dis Primers 2016 Jun 2;2:16037. Basu
D, Gallus A, Hirsh J, Cade J. A prospective study of the value
of monitoring heparin treatment with the activated partial
thromboplastin time. N Engl J Med 1972;287:324-7.
Brill-Edwards P, Ginsberg JS, Johnston M, Hirsh J.
Establishing a therapeutic range for heparin therapy. Ann
Intern Med 1993;119:104-9.

Francis JL, Groce JB 3rd; Heparin Consensus Group.
Challenges in variation and responsiveness of unfractionated
heparin. Pharmacotherapy 2004;24:108S-119S.

Garcia DA, Baglin TP, Weitz JI, Samama MM. Parenteral
anticoagulants: Antithrombotic Therapy and Prevention of
Thrombosis, 9th ed: American College of Chest Physicians
Evidence-Based Clinical Practice Guidelines. Chest
2012;141:Suppl2:€24S-e43S.

Kitchen S, Jennings |, Woods TA, Preston FE. Wide
variability in the sensitivity of APTT reagents for monitoring
of heparin dosage. J Clin Pathol 1996;49:10-4.

Kitchen S, Preston FE. The therapeutic range for heparin
therapy: relationship between six APTT reagents and two
heparin assays. Thromb Haemost 1996;75:734-39.

Lee MS, Wali AU, Menon V, Berkowitz SD, Thompson
TD, Califf RM, et al. The determinants of activated

biochimica clinica, 2023, vol.47, n.4

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

partial thromboplastin time, relation of activated partial
thromboplastin time to clinical outcomes, and optimal dosing
regimens for heparin treated patients with acute coronary
syndromes: a review of GUSTO-IIb. J Thromb Thrombolysis
2002;14:91-101.

Marlar RA, Clement B, Gausman J. Activated Partial
Thromboplastin Time Monitoring of Unfractionated Heparin
Therapy: Issues and Recommendations. Semin Thromb
Hemost 2017;43:253-60.

Olson JD, Arkin CF, Brandt JT, Cunningham MT, Giles
A, Koepke JA, et al. College of American Pathologists
Conference XXXI on laboratory monitoring of anticoagulant
therapy: laboratory monitoring of unfractionated heparin
therapy. Arch Pathol Lab Med 1998;122:782-98.

Van der Velde EA, Poller L. The APTT monitoring of heparin
— the ISTH/ICSH collaborative study. Thromb Haemost
1995;73:73-81.

Connell NT, Sylvester KW. To aPTT or not to aPTT:
Evaluating the optimal monitoring strategy for unfractionated
heparin. Thromb Res 2022;218:199-200.

Baluwala |, Favaloro EJ, Pasalic L. Therapeutic monitoring
of unfractionated heparin - trials and tribulations. Expert Rev
Hematol 2017;10:595-605

Marlar RA, Clement B, Gausman J. Activated Partial
Thromboplastin Time Monitoring of Unfractionated Heparin
Therapy: Issues and Recommendations. Semin Thromb
Hemost 2017;43:253-60.

Eikelboom JW, Hirsh J. Monitoring unfractionated heparin
with the aPTT: time for a fresh look. Thromb Haemost
2006;96:547-52.

Vandiver JW, Vondracek TG. Antifactor Xa levels versus
activated partial thromboplastin time for monitoring
unfractionated heparin. Pharmacotherapy 2012;32:546-58.
Samuel S, Allison TA, Sharaf S, Yau G, Ranjbar G, Mckaig N,
et al. Antifactor Xa levels vs. activated partial thromboplastin
time for monitoring unfractionated heparin. A pilot study. J
Clin Pharm Ther 2016;41:499-502.

Lardinois B, Hardy M, Michaux I, Horlait G, Rotens T,
Jacgmin H, et al. Monitoring of Unfractionated Heparin
Therapy in the Intensive Care Unit Using a Point-of-Care
aPTT: A Comparative, Longitudinal Observational Study with
Laboratory-Based aPTT and Anti-Xa Activity Measurement.
J Clin Med 2022;11:1338.

Lehman CM, Frank EL. Laboratory Monitoring of Heparin
Therapy: Partial Thromboplastin Time or Anti-Xa Assay?
Lab Medicine. 2009; Volume 40, Number 1.

Hirsh J, Warkentin TE, Shaughnessy SG, Anand SS,
Halperin JL, Raschke R, et al. Heparin and low-molecular-
weight heparin: mechanisms of action, pharmacokinetics,
dosing, monitoring, efficacy, and safety. Chest
2001;119:Suppl1:64S-94S.

Samuelson BT, Cuker A, Siegal DM, Crowther M, Garcia
DA. Laboratory Assessment of the Anticoagulant Activity
of Direct Oral Anticoagulants: A Systematic Review. Chest
2017;151:127-38.

Devreese KMJ, de Groot PG, de Laat B, Erkan D,
Favaloro EJ, Mackie |, et al. Guidance from the Scientific
and Standardization Committee for lupus anticoagulant/
antiphospholipid antibodies of the International Society on
Thrombosis and Haemostasis: Update of the guidelines for
lupus anticoagulant detection and interpretation. J Thromb
Haemost 2020;18:2828-39.

Tang N, Chen Y, Li D, Yin S. Determining the cutoff value of
the APTT mixing test for factor VIII inhibitor. Clin Chem Lab
Med 2019;57:e88-e90.

Adcock DM, Moore GW, Montalvao SL, Kershaw G, Gosselin
RC. Activated Partial Thromboplastin Time and Prothrombin




. _______________________________________________________________________________
SIBioC DOCUMENTS

DOCUMENTI SiBioC

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Time Mixing Studies: Current State of the Art. Semin Thromb
Hemost 2023;49:571-579.

Kumano O, leko M, Naito S, Yoshida M, Takahashi N, Suzuki
T, et al. Verification of the guidelines for lupus anticoagulant
detection: usefulness of index for circulating anticoagulant in
APTT mixing test. Thromb Res 2014;134:503-9.

Kumano O, Moore GW. Ruling out lupus anticoagulants
with mixing test-specific cutoff assessment and the index
of circulating anticoagulant. Res Pract Thromb Haemost
2019;3:695-703.

Morelli B, Montaruli B, Cabodi D, Appiani A, Bertone F,
Conterio V, et al. La variabilita preanalitica in coagulazione.
Biochim Clin 2019. doi: 10.19186/BC_2019.024.

Broni¢ A, Margeti¢ S, Coen Herak D, Mili¢ M, Kresi¢ B, Radisi¢
Biljak V, et al. Reporting of activated partial thromboplastin
time (aPTT): Could we achieve better comparability of the
results? Biochem Med 2021;31:020708.

Besozzi M, De Angelis G, Franzini C. Espressione dei
risultati nel laboratorio di chimica clinica. http://www.bayes.
it’/download/Espressione_dei_ risultati.pdf (last access:
september 2023).

Cappelletti P. Il “referto” in Medicina di Laboratorio Riv Med
Lab/JLM 2004; 5:197-208.

Plebani M. Harmonization in laboratory medicine: requests,
samples, measurements and reports. Crit Revs Clin Lab Sci
2016;53:184-96.

Plebani M. Harmonization in laboratory medicine: the
complete picture. Clin Chem Lab Med 2013;51:741-51.
Tate JR, Johnson R, Barth J, Panteghini M. Harmonization
of laboratory testing - Current achievements and future
strategies. Clin Chim Acta 2014;432:4-7.

Miller WG, Tate JR, Barth JH, Jones GR. Harmonization:
the sample, the measurement, and the report. Ann Lab Med
2014;34:187-97.

Ceriotti F. Standardizzazione e armonizzazione: SIBioC in
prima linea. Biochim Clin 2015;39:48-55.

biochimica clinica, 2023, vol.47, n.4

385



