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Abstract
A modern diagnostic laboratory offers wide spectrum of coagulation assays utilized in the diagnosis and management of patients with haemostatic
disorders, preoperative screening and anticoagulation therapy monitoring. The recent survey conducted among Croatian medical biochemistry and
transfusion laboratories showed the existence of different practice policies in particular phases of laboratory process during coagulation testing and
highlighted areas that need improvement. Lack of assay standardization together with non-harmonized test results between different measurement methods, can potentially lead to incorrect decisions in patient’s treatment. Consequently, patient safety could be compromised. Therefore,
recommended procedures related to preanalytical, analytical and postanalytical phases of prothrombin time, activated partial thromboplastin time,
thrombin time, fibrinogen and D-dimer testing are provided in this review, aiming to help laboratories to generate accurate and reliable test results.
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Introduction
Haemostasis is the physiological response to an injury. It is a result of a complex interaction between
vessels, platelets and coagulation plasma factors
with its main function to stop bleeding on the site
of vascular injury, while maintaining blood flow in
intact blood vessels (1).
A modern diagnostic laboratory offers wide spectra of coagulation assays utilized in the diagnosis
and management of patients with haemostatic
disorders, preoperative screening and anticoagulation therapy monitoring (2). Among them, prothrombin time (PT), activated partial thromboplastin time (aPTT) and fibrinogen are the most comhttps://doi.org/10.11613/BM.2019.020503

monly performed screening assays that could provide rapid, although non-specific information of
the nature of haemostatic disorders (3). Results of
these screening tests in conjunction with the patient’s medical history, will further direct the selection of more specific coagulation tests. A large
number of distinct tests, often using a variety of
methodologies, are commercially available (4).
Lack of assay standardization together with nonharmonized test results between different measurement methods, can potentially lead to incorrect decision in patient’s treatment. Consequently,
patient safety could be compromised, causing also
additional healthcare costs (5).
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The recent survey conducted among medical biochemistry and transfusion laboratories in Croatia
showed the existence of different practice policies
in particular areas of coagulation testing and highlighted areas that need improvement (6). As standardization and harmonization of the overall haemostasis testing process at national level should
be implemented, recommended procedures related to preanalytical, analytical and postanalytical
phases of coagulation screening assays PT, aPTT,
thrombin time (TT), fibrinogen and D-dimer testing are presented in this review.

Materials and methods
Recommendations on procedures in preanalytical,
analytical and postanalytical phases of coagulation screening assays PT, aPTT, TT, fibrinogen, and
D-dimer testing were created by the Working
Group for Laboratory Coagulation (WGLC) formed
by the Croatian Society of Medical Biochemistry
and Laboratory Medicine (CSMBLM). Creation of
the recommendations was prompted by the results obtained in the survey carried out by WGLC
in 2015 among Croatian medical biochemistry and
transfusion laboratories performing coagulation
testing (6). Data provided in this review were collected by searching the PubMed and Ovid databases, as well as relevant publications of the Clinical & Laboratory Standards Institute (CLSI), British
Society for Haematology (BSH) and International
Society on Thrombosis and Haemostasis (ISTH).
Key words used during the search were preanalytical, analytical and postanalytical phases of haemostasis or coagulation testing, coagulation assays,
haemostasis assays, PT, international normalized
ratio (INR), aPTT, TT, fibrinogen, D-dimer test, haemostasis or coagulation assays guidelines, interpretation of results in coagulation standardization
and/or harmonization in haemostasis testing.

Preanalytical phase in coagulation
testing
The preanalytical phase of testing includes all processes from the time when a physician makes a request for certain laboratory test, until the time
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when sample is ready for testing. The majority of
laboratory errors occur in this phase and problems
can arise at any time prior the specimen is received
in the laboratory (5,7). As most of errors occurring
in preanalytical phase often become apparent later in the analytical and postanalytical phases, the
preanalytical phase must have rigorous control
mechanisms to avoid or reduce the risk of errors
(7-9). Blood sampling is the most complex procedure in the preanalytical phase of testing and
therefore it is most susceptible to errors. Standardized procedures for blood sampling are described
in previously published National recommendations for venous blood sampling and should be
followed (10). Only specific issues related to processes in preanalytical phase of coagulation testing will be discussed here.

Test request
The recent survey conducted among diagnostic
laboratories performing coagulation testing, show
ed that one of the main problem is related to the
lack of information on the test request (6). Lack of
appropriate information such as suspected diagnosis or anticoagulation therapy can lead to misinterpretation of test results as well as to unnecessary
testing or retesting which could result in additional
costs. Thus, additionally to specific coagulation
tests requested, information on suspected or established diagnosis as well as on anticoagulant therapy
use, should be an integral part of the coagulation
test request (10). This is vital to ensure appropriate
reporting and interpretation of test results.
Recommendation
Information on suspected or established diagnosis as well as on anticoagulant therapy use should
be an integral part of the coagulation test request.

Patient preparation and identification
General recommendations related to preparation
of the patient prior to venipuncture and appropriate identification of patients during venipuncture
are already described in National recommenda-
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tions for venous blood sampling and are also applicable to coagulation testing (10).
Recommendation
Preparation of the patient prior to venipuncture
and appropriate identification of patients during
venipuncture should be in compliance with the
National recommendations for venous blood
sampling (10).

Sample tubes and anticoagulant
Venous blood specimens for coagulation testing
should be collected into glass or plastic tubes both
containing non-activating surfaces. Such, glass
tubes should be siliconized whereas plastic tubes
should contain polypropylene as a non-activating
material (11,13).
Test tubes should contain buffered trisodium citrate as anticoagulant, preferably at concentration
of 105-109 mmol/L, also referred as 3.2% trisodium
citrate. Although 129 mmol/L or 3.8% trisodium citrate tubes are also commercially available, reference intervals and test results may vary between
samples collected in tubes with different citrate
concentrations. For example, in samples collected
into 3.8% sodium citrate tubes, PT and aPTT could
be overestimated and fibrinogen could be underestimated if the reference intervals used is established with samples collected into 3.2% citrated
plasma samples (11-13). Therefore, the major recommendation is that laboratories should standardize to always use test tubes with the same sodium citrate concentration, preferably 3.2% (11).
This is important as only 3.2% trisodium citrate is
used for thromboplastin international sensitivity
index (ISI) assignment that is also recommended
by Scientific and Standardization Committee (SSC)
of the ISTH, and the CLSI have recommended the
use of 3.2% trisodium citrate tubes (11).
The proportion of blood to anticoagulant volume
in the test tube should always be 9:1. Exact amount
of blood, usually indicated on the test tube must
be drawn to ensure appropriate blood to anticoagulant ratio necessary for obtaining accurate test
results (11). Although results of some recent inveshttps://doi.org/10.11613/BM.2019.020503
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tigations suggested that greater deviation from
the fill line could be acceptable for particular tests,
still the general recommendation is that +/- 10% of
the fill line, corresponding to 90-110% fill volume
could be acceptable (12-14).
Recommendations
1. Venous blood specimens for coagulation testing should be collected into glass or plastic tubes
both containing non-activating surfaces.
2. Test tubes should contain buffered trisodium
citrate as anticoagulant, preferably at concentration of 105-109 mmol/L, also referred as 3.2%
trisodium citrate.
3. The proportion of blood to anticoagulant volume in the test tube should always be 9:1.
4. The deviation of +/- 10% the test tube fill line
could be acceptable for the analysis.

Blood sample collection
Blood samples should be obtained without trauma from a peripheral vein and away from an intravenous catheter if present. All relevant procedures
related to venipuncture, including duration of
tourniquet, and mixing of test tubes should be in
compliance with previously published recommendations (8,10,11). For patients in whom a venipuncture site is not available, blood specimens have to
be obtained through a vascular access device (central or peripheral venous catheter). If catheter was
previously flushed with heparin further procedure
should be followed. It is recommended to flush
the central catheter with saline and to discard the
first 5 mL of blood or the catheter dead space volume corresponding to 6-times of the line volume
prior to coagulation tube collection (11,15).
When samples are collected from a capped off peripheral venous catheter, twice of the catheter and
extension set dead space volume should be discarded. However, if blood must be drawn through
the vascular access device, information should be
always stated on the test request form and on the
test report. Possible contamination with heparin
or specimen dilution should be considered during
result interpretation (11).
Biochem Med (Zagreb) 2019;29(2):020503
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Recommendations

Specimen rejection

1. Collection of blood samples for coagulation
testing should be in compliance to National recommendations for venous blood sampling (10).

Each laboratory should have defined criteria for rejecting unsuitable specimens for coagulation testing. Samples that do not arrive in appropriate timeframe for analysis (see chapter: Sample storage until
analysis), unlabelled or mislabelled specimens, clotted specimens, specimens collected in the test tube
with a wrong anticoagulant or those with inadequate blood to anticoagulant ratio, grossly haemolysed specimens and specimens that were refrigerated before testing should be rejected (8,11,16).

2. Prior to collection of specimens for coagulation testing through an intravenous catheter, it is
recommended to flush the central catheter line
with saline and to discard the first 5 mL of blood
or 6-times of the line volume. If samples are collected from a capped off peripheral venous catheter, twice of the catheter and extension set dead
space volume should be discarded.

Order of test tubes draw
In order to minimize contamination of specimens
for coagulation testing, blood collection tubes
should be filled in a specific sequence thus preventing erroneous test results due to carryover of
additives between collection tubes and possible
formation of micro-clots in the tubes (10-14). The
coagulation tube has to be collected preferably
before any other tube with additive (clot activators, i.e. thrombin) or anticoagulant agents such as
ethylenediaminetetraacetic acid (EDTA), lithiumheparin and glycolysis inhibitors (11,13,14).
According to recent findings there is no need to
first draw a discard tube prior to collecting specimens for routine coagulation tests and D-dimers
(10,11,14). The exception of this rule includes a procedure when a winged blood collection set should
be used, as the air in the tubing leads to the underfilling of the test tube. A discard tube in this
case should be a non-additive (11).
Recommendations
1. The coagulation tube has to be collected prefer
ably before any other tube with additive (clot activator or anticoagulant).
2. There is no need to first draw a discard tube prior to collecting specimens for routine coagulation
tests and D-dimers. The exception of this rule includes a procedure when a winged blood collection set should be used, as the air in the tubing
leads to the underfilling of the test tube. A discard
tube in this case should be a non-additive.

Recommendation
Each laboratory should have defined criteria for
rejecting unsuitable specimens for coagulation
testing.

Sample processing
Most haemostasis screening assays, PT, aPTT, TT, fibrinogen as well as D-dimers, should be determined
in plasma samples prepared by centrifugation of a
primary collection tube at ambient temperature (1825 °C), at 1500xg for 15 minutes (8,11,16). Although
higher speed and shorter duration of centrifugation
may be used, it is important to note that use of high
centrifugal forces may induce platelet activation and
lyses of erythrocytes (8,11,16). To obtain appropriate
sample, centrifuge with swing-out rotor should be
used and use of centrifuge breaks should be avoided
(16). If used, refrigerated centrifuges should be set to
maintain ambient temperature, since lower temperatures can lead to platelet activation and adverse effects (11). For all plasma samples that should be frozen until analysis, double centrifugation prior to
freezing is preferable to obtain platelet poor plasma
(PPP) containing < 10 x109/L platelets (16,17). Plasma
aliquot to be stored should not be taken near the
cells.
Recommendations
1. Plasma samples for determination of screening
assays PT, aPTT, TT, fibrinogen as well as D-dimers, should be prepared by centrifugation of
primary collection tube at ambient temperature
(18-25 °C), at 1500xg for 15 minutes.
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2. All plasma samples that should be frozen until
analysis, should be double centrifugated prior to
freezing to obtain platelet poor plasma (PPP),
containing < 10 x109/L platelets.

Samples with high haematocrit values
In samples with haematocrit (Hct) values above
0.55 L/L, the final citrate concentration in the tube
should be adjusted in order to maintain the appropriate blood to anticoagulant ratio at 9:1. This is
important since in samples with elevated Hct values, blood to anticoagulant ratio falls below 9:1,
causing excess amount of citrate for the volume of
plasma in the tube that consequently could affect
test results. As the first step in the procedure, the
volume of citrate that should remain in the test
tube have to be calculated by applying the following equation (11,18):
C (mL) = 0.185 x [blood volume (mL)] x
[1.0 – Hct (L/L)],
where C is the volume of citrate in mL that remains
in the tube, 0.185 is a constant, the blood volume
depends on the test tube used, and Hct is the patient’s haematocrit (L/L).
The volume of citrate in mL that remains in the
tube should be deducted from the total volume of
citrate in the test tube, resulting in the citrate volume that should be removed from the test tube. It
is recommended to use a tuberculin syringe for
drawing out the anticoagulant, in order to maintain the vacuum in the collection tube. If tuberculin syringe is not available, automatic pipettes
could be used for citrate extracting. Since the use
of automatic pipettes for citrate adjustment means
losing vacuum in the collection tube, blood should
be drawn using an open system. After removing
the tube cap and adjustment of the citrate dose,
blood should be added to the tube mark. The tube
should be manually recapped and sample thoroughly mixed. Further sample handling should be
performed as with all other coagulation samples.
Regardless of how citrate extracting would be performed, the responsibility of the laboratory personnel is to inform users about the need of the correchttps://doi.org/10.11613/BM.2019.020503
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tion of the citrate volume and appropriate procedure for further sampling. On the test report, it
should be always indicated that citrate volume in
the test tube was adjusted due to high haematocrit
values: “Coagulation assays are performed in samples with adjusted volume of anticoagulant (citrate)
due to high value of haematocrit (Hct = xx L/L).”,
where xx represents the exact amount of haematocrit. If it is not possible to obtain a new specimen for
correction of the citrate volume, appropriate comment should be reported along with the test results:
“It is not possible to adjust citrate volume due to
high haematocrit value (Hct = xx L/L). Inappropriate
blood to anticoagulant ratio could have influence on
test results. It is recommended to repeat sampling
with prior agreement to laboratory personnel”.
Recommendations
1. The final concentration of the citrate in the test
tube should be adjusted in order to maintain the
appropriate blood to anticoagulant ratio at 9:1 in
samples with haematocrit values above 0.55 L/L.
2. On the test report, it should be always indicated that citrate volume in the test tube was adjusted due to high haematocrit values: “Coagulation assays are performed in samples with adjusted volume of anticoagulant (citrate) due to high
haematocrit value (Hct = xx L/L).”, where xx represents the exact amount of haematocrit.

Haemolysis, hyperbilirubinemia and lipemia
Haemolysis, hyperbilirubinemia and lipemia can
have impact on coagulation test results (19). Their
presence could be detected by visual inspection or
automatically. Analytical interferences mainly occur
due to the spectral overlap of interfering substances (haemoglobin, bilirubin or lipid particles). The
new generation of coagulation analysers measure
optical absorbance at different wavelengths, as index of haemolysis, icteria and lipemia (HIL index),
allowing the identification of these potentially
problematic samples prior to analysis and the impact of interfering substances during testing will be
reduced by auto selection of the appropriate wavelength (19,20). If there is no possibility for automated HIL determination, acceptable concentration of
Biochem Med (Zagreb) 2019;29(2):020503
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interfering substances should be determined by visual inspection. Beside spectrophotometric interference, haemolysed samples could be also problematic due to release of cellular components, resulting in premature coagulation activity and disruption of clot detection (19). Therefore, whenever
this is suspected, a new not haemolysed sample
should be drawn for testing (11). Apart to in vitro
caused haemolysis, intravascular or in vivo haemolysis could be present as a result of certain medical
conditions. The presence of intravascular haemolysis could be suspected and ruled out prior to resampling with appropriate communication and information from clinical personnel. In such cases, test
results should be reported with appropriate notation on the test report (intravascular haemolysis).
The optical bias due to hyperbilirubinemia is mainly insignificant and could be prevented by measurement at alternative wavelengths while the test
results may be reliably reported (19). Similar, the
use of different wavelengths and/or higher sample
dilutions in assays with plasma predilution (e.g. fibrinogen) could prevent optical bias due to lipemia (19). To remove the influence of lipemia, some
clinical laboratories use ultracentrifugation, however data on the validation of this procedure have
not been published (16).
However, use of mechanical and/or electromechanical clot detection methods is recommended whenever it is possible for samples that contain substances interfering with light transmission (11). Despite
this possibility, biological interferences could still
have influence on coagulation test results. For example, severe lipemia will affect coagulation by displacement of plasma which will be reflected in the
prolonged clotting times in coagulation assays.
Recommendations
1. For coagulation screening assays laboratories
should evaluate acceptable concentration of interfering substances for their own system (reagent/coagulometer).
2. If intravascular or in vivo haemolysis is suspected, along with the results appropriate notation
on the test report (intravascular haemolysis)
should be given.

Recommendations for coagulation screening assays and D-dimer

3. Use of mechanical and/or electromechanical
clot detection methods is recommended whenever it is possible for samples that contain substances interfering with light transmission.

Storage of specimens until analysis
In ideal conditions, testing of all coagulation assays should be performed within 4 hours of blood
collection. According to recent investigations, the
exception of this rule could be applied to PT and
D-dimer testing, for which specimens can be
stored at ambient temperature for up to 24 hours
after blood collection, either uncentrifuged or
centrifuged with plasma remaining on the top of
the cellular component in an unopened tube
(11,12,20). However, since sample stability may be
dependent on measurement system in use
(thromboplastin reagent and coagulometer), laboratories that accept specimens for PT and D-dimer
testing stored within 24 hours of blood collection,
should check sample stability with their own system (21).
Specimens for all haemostasis assays should be
kept capped (in an unopened tube) at ambient
temperature (18-25 °C) until analysis. Storage at
refrigerated temperature (2-8 °C) is not recommen
ded due to possible cold activation of coagulation
factor VII (FVII) and also loss of coagulation factor
VIII (FVIII) and consequent impact on PT and aPTT
test results (16,20,22). If aPTT testing is requested
for unfractionated heparin (UFH) monitoring,
specimens should be centrifuged and plasma
should be removed from cells within 1 hour of collection as there is possibility of heparin neutralization by platelet factor 4 (PF4) (11,16,21).
If testing for any haemostasis assay is not possible
within the allowed time, plasma should be removed from the cells after centrifugation and immediately frozen at – 20 °C or below for short-term
storage (up to two weeks) or at – 70 °C for up to six
months. When multiple assays are requested or
will be tested at different time, a separate aliquot
for each test ordered should be frozen (16,20).
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Recommendations
1. Specimens for all haemostasis assays should be
kept capped (in an unopened tube) at ambient
temperature (18-25 °C) until analysis.
2. Testing for all coagulation assays should be
performed within 4 hours after blood collection.
The exception of this rule could be applied to PT
and D-dimer testing, for which specimens can be
stored at ambient temperature for up to 24 hours
after blood collection, either uncentrifuged or
centrifuged with plasma remaining on the top of
the cellular component in an unopened tube.
3. Laboratories that accept specimens for PT and
D-dimer testing stored within 24 hours of blood
collection, should check sample stability with
their own system.
4. If aPTT testing is requested for unfractionated
heparin (UFH) monitoring, specimens should be
centrifuged and plasma should be removed from
cells within 1 hour of collection.
5. If testing for any haemostasis assay is not possible within the allowed time, plasma should be
removed from the cells after centrifugation and
immediately frozen at – 20 °C or below for shortterm storage (up to two weeks) or at – 70 °C for
up to six months.

Recommendations for coagulation screening assays and D-dimer

regular ice in a Styrofoam container in order to keep
the samples solidly frozen until they arrive at the
laboratory. Assays should not be performed on any
specimen that does not arrive in coagulation laboratory solidly frozen (5,8,11).
Recommendations
1. If coagulation specimens should be sent for
analysis at distant laboratories, samples should
arrive in the testing laboratory in real time to allow analysis within appropriate timeframes specified for each assay. If it is not possible to transport specimens within appropriate timeframes
for analysis, blood samples should be processed
(frozen) according to procedure described in previous section.
2. Each vial with specimen that should be sent for
analysis at distant laboratories should be labelled
with the patient’s full name, date of birth, identification number (insurance number or unique
identification number in laboratory). In addition,
sample type (e.g. citrate plasma), date and time of
sampling should be also provided.
3. Frozen plasma specimens should be transported preferable on a dry ice, and if not possible on
sufficient amount of regular ice in a Styrofoam
container in order to keep the samples solidly
frozen until they arrive at the laboratory.

Transport of specimens to distant laboratories
If coagulation specimens should be sent for analysis
to distant laboratories, samples should arrive in the
testing laboratory in real time to allow analysis within appropriate timeframes specified for each assay
(16,20). If this is not possible, blood samples should
be double centrifuged and plasma samples should
be transferred into a polypropylene vial. Each vial
should be labelled with the patient’s full name, date
of birth, identification number (insurance number
or unique identification number in laboratory). In
addition, sample type (e.g. citrate plasma), date and
time of sampling should be also provided. Plasma
sample should be immediately frozen according to
previously described procedure. Frozen plasma
specimens should be transported preferable on a
dry ice, and if not possible on sufficient amount of
https://doi.org/10.11613/BM.2019.020503

Thawing of frozen plasma samples
Thawing of frozen plasma samples should be performed rapidly, for 10 minutes, at 37 °C in an in
cubator, dry thermo block or water bath (5,16,20).
To ensure sample integrity prior to testing, thawed
sample should be thoroughly and adequately
mixed (23). Optimal procedure of mixing is the
gentle inversion of sample for 180° and return to
starting position for 6-times (23). However, if samples are not completely thawed or are left too long
at 37 °C, spurious test results could be generated
as this could lead to deterioration of coagulation
factor activities and compromised sample integrity (5,20,24). If water bath is used for thawing, it is
necessary to ensure the integrity of the patient
data on the label.
Biochem Med (Zagreb) 2019;29(2):020503
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Recommendation
1. Thawing of frozen plasma samples should be
performed rapidly, for 10 minutes, at 37 °C in an
incubator, dry thermo block or water bath.
2. To ensure sample integrity prior to testing,
thawed sample should be thoroughly mixed by
the gentle inversion of sample for 180° and return to starting position for 6-times.

Analytical phase in coagulation testing
Quality control
The purpose of quality control (QC) is to ensure reliable test results. Both internal (IQC) and external
quality (EQC) control schemes should be fundamental parts of quality assurance in diagnostic
laboratory performing coagulation assays. Internal
quality control ensures continuous evaluation of
the quality of the results and reduce random variation within or between days, whereas the main
objective of EQA is to establish comparability of
data between laboratories and accordingly, trueness of measurement (27,28). Internal quality control should be performed always following reagent opening or/and reconstitution, calibration,
preventive instrument maintenance and repair
(27). For quantitative tests, as a minimum two levels of control material including both normal and
pathological ranges should be run every eight
hours of continuous operation (29). However, different IQC schedule could be allowable if laboratory has analysed its own working process and
performed the risk analysis prior to use. Considering EQA, there is still no evidence for an optimal
EQA frequency, but it should be essential part of
the total quality management system in laboratory (2).
Recommendation
1. Internal quality control (IQC) plasma should be
analysed always following opening or/and reconstitution of new reagent, calibration, preventive
coagulometer maintenance and repair.

Recommendations for coagulation screening assays and D-dimer

2. For quantitative coagulation tests, as a minimum two levels of control material including
both normal and pathological control plasma
should be run every eight hours of continuous
operation. Different IQC schedule could be allowable if laboratory has analysed its own working process and performed the risk analysis prior
to use.
3. External quality control should be essential
part of the total quality management system in
the coagulation laboratory.

Coagulation assays
In order to report accurate and reliable results of
coagulation assays, it is pivotal for a laboratory to
select an appropriate assay method. Various commercial assays that are available on market could
be divided into three main categories: clotting,
chromogenic and immune assays. Specific information related to test principles, equipment and
techniques used in coagulation laboratories are in
general described in Mackie et al. and are not part
of current recommendations (25). For implementation of coagulometers into daily practice, evaluation and validation should be performed following previously published recommendations by
Gardiner et al. (26).
When selecting a suitable method for coagulation
assays it is important to know their analytical characteristics thus the most important analytical features of PT, aPTT, TT, fibrinogen and D-dimer assays will be listed below (4).
Recommendation
For implementation of coagulometers into daily
practice, evaluation and validation of procedures
should be performed in compliance to previously published recommendations (26).

Prothrombin time
The PT is the most commonly performed screening coagulation assay that is used for monitoring
vitamin K antagonist (VKA) therapy and for assess-
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ing hereditary and acquired deficiencies of coagulation factors II (FII), V (FV), VII (FVII), X (FX) and fibrinogen or presence of their inhibitors (29). All
commercial PT reagents (also known as thromboplastins), contain tissue factor, phospholipids and
calcium chloride. Different commercial thromboplastin preparations derived from human, animal
or recombinant sources are available. PT results
are strongly dependent on the reagent type and
coagulometer used and therefore will vary between laboratories (4).
In order to standardize PT and allow monitoring of
VKA therapy across different laboratories the
World Health Organization (WHO) has introduced
the INR system for PT results reporting (29-31). For
each PT reagent lot, manufacturers have to determine and assign specific ISI value, which indicates
the sensitivity of the reagent of vitamin K dependent factor levels in comparison to the appropriate WHO reference standard, the International Reference Preparation (IRP). The INR is a calculated
value, representing the prothrombin time ratio
(PR) obtained from the patient’s PT value in seconds divided by the Mean Normal Prothrombin
Time (MNPT), raised to the exponent power of ISI
of the used PT reagent (31,32). The MNPT represents the geometric mean of PT values generated
from a minimum of 20 healthy volunteers. The
equation to obtain INR is as follows:
INR = (PR)ISI or INR = [PT(s) / MNTP(s)]ISI,
where PT(s) is the patient’s PT value in seconds, PR
is the prothrombin time ratio, MNPT is the mean
normal prothrombin time and ISI is the international sensitivity index.
Although thromboplastins with ISI values up to 1.5
or even 1.7 are available on the market, it is recommended to use recombinant thromboplastins with
lower ISI values, below 1.2, due to their greater
sensitivities to factor deficiencies as well as precision improvement in INR determination (29-33).
Regardless, an INR determined with different
thromboplastins for an individual patient’s plasma
sample is not always identical, as variations could
also be generated mostly due to incorrect determination of MNPT or ISI value applied in laboratory (31).
https://doi.org/10.11613/BM.2019.020503
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Whenever it is possible ISI value specific for local
thromboplastin/coagulometer combination should
be used as it provides greater accuracy in INR over
the use of a generic ISI (an ISI determined for a
thromboplastin that is not coagulometer-specific
but rather for a group of coagulometers). When ISI
value for a specific thromboplastin/coagulometer
combination is not available it is recommended to
determine it locally (29,30,32). Briefly, this could be
achieved by using a set of lyophilized plasma samples certified in terms of PT obtained by use of IRP
and manual technique. Plasma should be tested
by specific coagulometer/reagent combination
and obtained PT values plotted against the certified values. The slope of the best fit orthogonal regression line can be used to calculate the local ISI
according to equation: ISI (local) = SLOPE x ISI(IRP).
Determination of specific INR value without
knowledge of ISI or MNPT values is possible by the
direct INR method if lyophilized plasmas with assigned INR values are available. The calibration
plasma is tested by specific coagulometer/reagent
combination and coagulation times are plotted
against the certified INR value. This method also
increases the accuracy of INR determination and
achieves better comparability of results between
laboratories. For further details, readers are referred to references 29, 30 and 32.
Recommendations
1. Recombinant thromboplastins with ISI values
below 1.2 should be used for PT determination.
2. ISI value for a specific combination of thromboplastin/coagulometer should be used whenever it is possible. If specific ISI is not available it
should be determined locally.

Activated partial thromboplastin time
The aPTT is a screening assay used for assessing
deficiencies of FVIII, FIX, FXI and FXII or presence of
their inhibitors. Each aPTT reagent contains a contact activator (e.g. silica, kaolin, ellagic acid or a
combination of activators) and phospholipids of
different origin, but as does not contain tissue factor (TF) it is called “partial thromboplastin”. Factors
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that are present in plasma samples are “activated”
after the addition of aPTT reagent and calcium
chloride as a separate reagent, at 37 °C (29,34).
Activated partial thromboplastin time is determined in seconds and results are highly dependent
on reagent and instrument in use. Due to composition variability i.e. phospholipids and activators, individual aPTT reagents differ considerably in their
factor, UFH and lupus anticoagulant (LA) sensitivities. For performing aPTT as a screening test, it is
recommended to use aPTT reagent sensitive to factor deficiency and UFH therapy, but at the same
time it does not have to be sensitive to LA (4,29,34).
However, monitoring of UFH therapy could be performed by aPTT, but it is quite difficult to standardize between different laboratories (35). To achieve
this, general recommendation for laboratories is to
establish therapeutic interval for UFH therapy monitoring according to anti-Xa activity corresponding
to a range of 0.3 to 0.7 anti-Xa kIU/L. In brief, blood
is collected from patients being treated with continuous intravenous UFH, at least 4-6 hours after a
heparin bolus but also less than 24 hours after the
first dose of warfarin. Blood samples should be processed according to standard procedure, preferably
centrifuged twice and the plasma should be frozen
at - 35 °C or lower until testing is performed. Plasma
is thawed at 37 °C for 10 minutes and aPTT and heparin are measured by an anti-Xa test. The relationship between aPTT plotted on the Y-axis and heparin level plotted on the X-axis, is obtained by using
linear regression analysis (35-37).
In contrast to UFH, low molecular weight heparin
(LMWH) that has largely replaced the use of UFH in
most clinical situations, does not require routine
laboratory monitoring. However, in several clinical
conditions and/or patient populations LMWH
therapy monitoring is required, such as in patients
with renal failure, obese patients, children and
pregnant women or in case of any patient in
whom the expected anticoagulant effect is not
achieved. As LMWHs have predominantly anti-Xa
activity and do not exhibit an adequate impact on
aPTT, aPTT should not be used for LMWH monitoring. For estimating LMWH therapeutic response
anti-Xa assay should be used exclusively (38).

Recommendations for coagulation screening assays and D-dimer

Recommendation
1. To performing aPTT as a screening test, it is
recommended to use aPTT reagents sensitive to
factor deficiency and UFH therapy, but at the
same time it does not have to be sensitive to LA.
2. aPTT assay is an appropriate assay for UFH
therapy monitoring.
3. If aPTT is used for UFH therapy monitoring,
general recommendation for laboratories is to
test the sensitivity of aPTT reagents in order to
establish appropriate therapeutic interval.
4. aPTT should not be used for LMWH monitoring. For estimating LMWH therapeutic response
anti-Xa assay should be used exclusively.

Thrombin time
The TT is a screening coagulation assay used for assessing deficiencies or qualitative fibrinogen disorders, or the presence of thrombin (activated FII, FIIa)
inhibitor (39,40). It evaluates the ability of fibrinogen to be converted into fibrin after addition of bovine or human thrombin in excess to PPP. The TT is
measured in seconds. Test is sensitive to anticoagulation therapy by thrombin inhibitors that may be
present in plasma (e.g. heparin and dabigatran) and
could detect accidental heparin contamination
from catheters even at very low concentrations (>
0.05 anti-Xa kIU/L). However, due to high sensitivity
to thrombin inhibitors (heparin, dabigatran), this assay is not adequate for monitoring anticoagulant
therapy with heparin or dabigatran, and is not standardized for this purpose (40).
Recommendation
Thrombin time should not be used for monitoring anticoagulant therapy with heparin or thrombin inhibitors, as it is too sensitive and not standardized for this purpose.

Fibrinogen
In most occasions, fibrinogen assay usually serves
along with PT and aPTT testing as part of a general
haemostatic screen (41,42). Several types of assays
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for measuring fibrinogen levels in plasma are available, but the most widely used assay measures
functional fibrinogen activity based on the Clauss
method (42). The principle of the Clauss method is
that a high concentration of thrombin reagent is
added to diluted plasma sample and clotting time
is determined in seconds. As it is expressed in g/L,
the test requires reference calibration plasma with
known levels of fibrinogen calibrated against an International standard. Assigned and obtained values
are plotted in order to generate a specific calibration curve covering a broad range of fibrinogen
concentrations (42,43). Although effect of the reagent and coagulometer combination has a minimal effect on the Clauss assay, some investigations
showed that differences could be obtained in certain subgroups of patients (e.g. disseminated intravascular coagulation (DIC), thrombolytic therapy)
due to thrombin concentration and buffer in the reagent (42). Fibrinogen functional assay is generally
considered as the most reliable method for widespread use in laboratories (42).
Immunoassays such as enzyme linked immunosorbent assay (ELISA) and immunonephelometric
assays measure concentration of fibrinogen antigen, rather than its functional activity (5). These
assays are mainly used in differential diagnosis of
dysfibrinogenemia that is based on the difference
in results obtained by measuring functional activity and concentration of fibrinogen antigen. In
practice, such tests are only applied in highly-specialized laboratories (42).
Derived fibrinogen method allows an indirect fibrinogen level estimation from the PT clotting
curve on automated optical coagulometers. The PT
is determined by optical density change for a range
of plasma dilutions with known fibrinogen levels
and the optical change for each different fibrinogen
level is plotted as a calibration curve. However, literature data have shown great controversy regarding its suitability for clinical use (44,45). Thus, although being a simple and inexpensive method,
the test can give misleading results in particular disorders and clinical situations and is not recommended for routine laboratory use (42).

https://doi.org/10.11613/BM.2019.020503
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Recommendations
1. Fibrinogen functional assay is the most reliable
method for routine use in clinical laboratory.
2. Fibrinogen immunoassays that measure concentration of fibrinogen rather than its functional
activity are recommended in differential diagnosis of dysfibrinogenemia.
3. Derived fibrinogen method is not recommended routine laboratory use.

D-dimer
For D-dimer measurement, different qualitative
(positive or negative), semi-quantitative and quantitative methods, such as ELISA or latex immunoassay (LIA) which use a monoclonal antibody specific
to various D-dimer epitopes are available (46,47).
The main problem related to D-dimer testing is
that various D-dimer assays are not standardized
due to the variability in methodological differences, including the use of different monoclonal antibodies and calibrators for testing (46-49). As to
date no standard reference preparation (i.e. international standard) is available, measurement units
are still not standardized meaning that results, reference intervals and clinical cut-off values cannot
be extrapolated between methods. Thus, D-dimer
results must be carefully interpreted based on the
assay used (48-50). On the test report along with
the D-dimer results, it is necessary to point out the
measurement method (e.g. measurement method
enzyme-linked fluorescent assay, ELFA).
Recommendations
1. D-dimer results, reference intervals and cut-off
values should be interpreted depending on
method that laboratory use.
2. D-dimer measurement method should be
pointed out on the test report.
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Postanalytical phase in coagulation
testing
Reference intervals, cut-off values and
harmonisation of result reporting
Test results of most coagulation assays as well as
reference intervals are strongly influenced by the
combination of the reagent and instrument in use.
Thus, if patients should use more than one laboratory for coagulation testing a lack of result comparability could exist.
According to literature, general recommendation
for each laboratory is to determine own reference
intervals for local population. However, as this is
difficult to apply in daily practice most laboratories
tend to use reference intervals recommended by
the manufacturer or those available from the literature data (25,51-53). Determination of own reference intervals in practice is mainly applied when
introducing a new method and literature data are
not available. If reference intervals are taken from
the manufacturer or from the literature, data on
the population and the method of determination
(applicability to the local population) should be
checked and such reference intervals should be
verified. To verify whether proposed values are appropriate for a local population, a sample consisting of a practical minimum, from 20 to 40 healthy
subjects evenly spread through the published reference interval, depending on the required accuracy should be used. If 95% of the results fall within the published reference interval, it can be accepted for use. However, full statistical validity
may require 120 subjects or even more (25,53). For
some analytes such as D-dimers, it is more appropriate to establish cut-off values based on clinical
utility considerations (25,48).
The use of age-adjusted reference intervals is critical for ensuring proper management of children
with thrombosis or bleeding disorders, but published age-appropriate reference intervals are not
available for the majority of reagents currently
used in practice. The general recommendation of
the SSC of the ISTH for each laboratory reporting
paediatric samples is to define their own age-adjusted reference intervals for analyser and reagent
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in use (54). However, laboratories that are not able
to determine their own paediatric reference intervals should adhere to and verify published ageadjusted reference intervals if these are available.
Recommendations
1. If reference intervals are adopted from the literature or manufacturer, it is recommended to
verify if such intervals are appropriate for a local
population.
2. The use of age-adjusted reference intervals is
critical for ensuring proper management of children with thrombosis or bleeding disorders.

Reporting of coagulation screening assays
and D-dimer results
Reporting of PT/INR results
The prerequisite for correct reporting of PT results
is adequate information on patient`s test request
(suspected diagnosis and/or patient`s therapy).
Understanding the relevance of different result reporting in individual clinical conditions could directly result in a better management of patients.
The PT test is measured in seconds whereas blood
coagulability is typically expressed as “percentage
activity of the normal value”. In an adult person
not receiving VKAs, the “normal” PT value is >
70%. A value lower than 70% indicates that the
clotting time is longer than normal and suggests
blood hypocoagulability (29,51).
Considering VKA therapy monitoring, the INR system for reporting PT results across different laboratories should be used exclusively, whereas in all
other clinical indications INR should not be reported (30). Reporting results as PT-ratio cannot be
used for reliable dose-adjustment for patients on
VKA therapy as this could only be applicable to a
particular brand of thromboplastin. However,
some authors consider that in certain conditions
such as chronic liver disease or DIC reporting results as PT-ratio is informative (33,55).
In general, INR values between 2.0 and 3.0 are the
proposed therapeutic interval for the majority of
clinical indications, although for mechanical heart
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valves the target INR range might be slightly higher (2.0-3.5) (30,33). INR values above the recommended therapeutic interval indicates increased
bleeding risk, whereas values below the therapeutic interval are associated with increased risk of
thrombosis. It is important to note that INR value
should always be reported as a numerical value up
to a certain measurement limit, which is variable
depending on the calibration curve obtained for a
specific reagent lot. It is not perfect in terms of results comparability between laboratories but it reduces the variation and provides clinically useful
results (29,30).

Recommendations for coagulation screening assays and D-dimer

Recommendation
The aPTT ratio should always be reported together with the result expressed in seconds.

1. PT results should be reported as percentage if
patients are not on VKA therapy.

Reporting of TT results
The TT test has little diagnostic value by itself and
should be interpreted within the context of the first
line coagulation assays, including PT, aPTT and fibrinogen. The TT test is measured and reported in seconds. Reference intervals are still not harmonised
and are highly dependent on the combination of reagent in use (i.e. thrombin concentration in the TT reagent) and coagulometer (39,40). As for aPTT, reference interval could be adopted from manufacturer
or from the literature but verification should be performed.

2. INR should not be reported for patients not receiving VKA.

Recommendation

Recommendations

3. The INR system for reporting PT results should
be used exclusively for VKA therapy monitoring.
Reporting of aPTT results
The aPTT test is both measured and reported in
seconds. Correct interpretation of aPTT test results
requires understanding of the clinical context in
which the test is ordered as well as the test’s limitations (29,34). As aPTT reagents differ considerably in
their sensitivity to coagulation factor deficiencies,
UFH and LA (29,34-37), reporting aPTT results in
seconds only, can lead to inappropriate comparability of results between different laboratories since
both reference intervals and test result vary between different reagents and coagulometers.
Therefore, an aPTT ratio should always be reported
together with the result expressed in seconds.
The aPTT ratio is calculated as the ratio of patient’s
aPTT divided by the mean value of the reference
interval for the particular system (reagent/coagulometer) used (51). Considering aPTT reference interval in seconds, it could be taken from manufacturer or from the literature but applicability to the
local population and verification should be performed. Reference interval expressed as aPTT ratio
generally is between 0.8-1.2, independently of the
system in use.
https://doi.org/10.11613/BM.2019.020503

The TT test should be reported in seconds.
Fibrinogen
Results of fibrinogen activity test are expressed as
g/L. In healthy adults, the reference interval for fibrinogen is generally between 1.8-4.0 g/L but it
could be different for diverse commercial fibrinogen tests (42). Recent survey among Croatian laboratories showed that laboratories use reference interval according to document on harmonisation
published by CCMB in 2005 but as it is based on the
results obtained from 3.8% citrate tubes this certainly should be revised (6,33). Reference interval
for fibrinogen could be adopted from manufacturer
or from the literature but verification should be performed.
Recommendation
Results of fibrinogen activity test should be expressed as g/L.
D-dimer
Different D-dimer methods employ monoclonal antibodies with different specificities, different measurement units and cut-off values. Therefore, it is
not possible to compare results obtained by differBiochem Med (Zagreb) 2019;29(2):020503
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ent methods (46-50). In general, D-dimer results in
fibrinogen-equivalent units (FEU) are roughly twofold higher than D-dimer units (DDU) results (i.e. 1.0
mg/L FEU is approximately the equivalent of 0.5
mg/L DDU). The consensus regarding the preferable
reporting unit is still not reached. Moreover, another
problem encountered in daily practice is that package inserts of particular approved assay kits do not
provide information about the type of unit (DDU or
FEU) used in the assay. Thus, use of such assay kits
could not be recommended. Furthermore, there is
variability in D-dimer result reporting related to
measurement units, such as mg/L or µg/L, currently
in use, that could have a confusing effect on clinicians (46,48). Since results of different methods for
D-dimer testing cannot be compared, laboratories
should declare on the test report their method in
use along with an appropriate unit related to DDU
or FEU. Considering measurement units, results
should be expressed as mg/L DDU or FEU.
General recommendation for each laboratory is to
determine its own cut-off values for particular Ddimer method in current use (48). However, since it
is quite difficult to achieve this requirement for almost all laboratories, cut-off values are mostly relied on manufacturer´s declared values. It is recommended that such cut-off values should be
clinically validated. It should be stressed that cutoff values for D-dimers reflect high negative predictive value of testing and the main value of test
is the absence of elevated values.
Recommendation
1. D-dimer results should be expressed in mg/L
DDU or FEU.
2. D-dimer measurement method in use should
be declared on the test report along with the test
result.
3. Assay kits that do not provide information
about the type of unit used (DDU or FEU) in the
assay should not be used.

Interpretative comments
Recent survey among diagnostic laboratories in
Croatia showed that only small number of labora-
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tories interprets the results of the coagulation test
report or recommendations for further testing (6).
Nowadays, as an integral part of laboratory service, laboratories are increasingly encouraged to
provide interpretative and/or informative comments related to interferences and findings discovered by the laboratory for a particular patient´s
sample (56). The interpretative and/or informative
comments attached to the result report may help
the clinician to appropriately use the laboratory information. Thus, in order to prevent or reduce errors and improve patient outcomes, the practice
of adding appropriate interpretative comments,
related to the both preanalytical and analytical
phases of testing, as well as those related to the
extension of the original clinical request, are
strongly recommended and should be an integral
part of the test report whenever it is justified. Harmonization of interpretative comments exceeds
the scope of these guidelines, yet wherever it was
possible, the comments were given.
Recommendation
Interpretative comments, related to the both,
preanalytical and analytical phases of testing, as
well as those related to the extension of the original clinical request, are strongly recommended
and should be an integral part of the test report
whenever it is justified.

Critical values reporting
Critical results are the values that represent a
pathophysiological condition at such variance
compared to the normal one (expected values) or
previously obtained values, as to be life threatening and for which some corrective action should
be taken promptly. Considering haemostasis these
could be significant for an imminent risk of severe
bleeding or thrombosis (57).
In general, critical values for PT, aPTT and fibrinogen are variable worldwide and are still not standardized. In clinical practice, INR value > 5.0 is considered clinically relevant as it requires urgent intervention in order to reduce the warfarin anticoagulant effect (e.g. withholding warfarin doses)
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and also mitigate bleeding risk (e.g. administration
of vitamin K, fresh frozen plasma or prothrombin
complex) (58,59). When setting critical value limits
for the aPTT, laboratories need to consider the
aPTT results specific for their reagent and instrument combination according to previously described procedure (59). In general, therapeutic interval for the aPTT ratio should be 1.5 to 2.5 times
greater than the upper limit of the reference interval and any greater ratio could indicate increased
bleeding risk and might merit urgent action (e.g.
readjustment of heparin dosing) (57). Thus, it
should be discussed with a clinician, as so far, there
is no consensus regarding appropriate critical value. Furthermore, fibrinogen values lower than 0.8
g/L would also indicate an elevated bleeding risk
and should be immediately reported to a clinician
(57,59). However, in the absence of widely accepted guidelines, laboratories are encouraged to define locally clinical relevant critical limits and/or expand the existing list of critical values in conjunction with local clinical opinion (57). However, rules
of critical values reporting may differ for a first
time sample vs. repeated patient samples. The first
critical result should be reported immediately to
the physician, and depending on the agreement
with the clinical staff, reporting of the each following critical results for the same patient should be
managed. Therefore, it is important to note that
critical value reporting policy in each institution
should be result of joint work between laboratory
and clinical personnel (60).
1. Coagulation laboratories are encouraged to
define locally clinical relevant critical limits and/
or expand the existing list of critical values in
conjunction with local clinical opinion.
2. The first critical result should be reported immediately to the physician, and depending on
the agreement with the clinical staff, reporting of
the each following critical results for the same
patient should be managed.
3. INR value > 5.0 is considered clinically relevant
as it requires urgent intervention in order to reduce the warfarin anticoagulant effect.
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4. Therapeutic interval for the aPTT ratio should
be 1.5 to 2.5 times greater than the upper limit of
the reference interval and any greater ratio
should be discussed with clinicians as it could indicate increased bleeding risk.
5. Fibrinogen values lower than 0.8 g/L could be
indicative for an elevated bleeding risk and
should be immediately reported to a clinician.

Summary
Recent survey in Republic of Croatia showed substantial variability in practice and policies among
laboratories performing coagulation testing (5). This
is not surprising as laboratories operate at different
healthcare levels and under different professional
societies. Thus, the objective of this review was to
provide the basic recommendations in preanalytical, analytical and postanalytical phases of testing
for most commonly performed coagulation assays.
However, differences in technological solutions
among the laboratories with a small and a large volume of samples could exist. Coagulation testing is
also increasingly integrated into total laboratory automation systems in order to improve quality, efficiency and patient care, while reducing costs, but
the principle of analyses remains the same. Independently of the number of tests or integration,
haemostasis testing requires specific skills (61). Appropriate use of obtained information is of vital importance as well as recognition of the potential
sources of error through the total laboratory process. Thus, we hope that these recommendations
would be helpful in every day practice for laboratories performing routine haemostasis assays. As
gathered information are based on previously published guidelines, expert committees’ reports or expert consensus opinion, the strength of evidence is
not so pronounced. Nevertheless, we consider
these recommendations as an important step towards standardization of procedures and generate
mutually acceptable data among Croatian laboratories (Appendix 1).
Potential conflict of interest
None declared.

https://doi.org/10.11613/BM.2019.020503

Biochem Med (Zagreb) 2019;29(2):020503

15
		

Bronić A. et al.

Recommendations for coagulation screening assays and D-dimer

References
1. Versteeg HH, Heemskerk JWM, Levi M, Reitsma PH. New
Fundamentals in Hemostasis. Physiol Rev. 2013;93:327–58.
https://doi.org/10.1152/physrev.00016.2011
2. Bonar R, Favaloro EJ, Adcock DM. Quality in coagulation and haemostasis testing. Biochem Med (Zagreb).
2010;20:184-99. chttps://doi.org/10.11613/BM.2010.023
3. Harris NS, Bazydlo LAL, Winter WE. A Primer on Haemostasis
for Clinical Chemists.Clinical Laboratory News 2012. Available at: https://www.aacc.org/publications/cln/articles2012/
January/coagulation-tests. Accessed March 17th 2016.
4. Chandler WL, ed. 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. p. 6371. https://doi.org/10.1002/9781444303575.ch7
5. Favaloro EJ, Funk DM, Lippi G. Pre-analytical variables in coagulation testing associated with diagnostic errors in haemostasis. Lab Med. 2012;43:1-10. https://doi.org/10.1309/
LM749BQETKYPYPVM
6. Bronić A, Coen Herak D, Margetić S, Milić M. Policies and
practices in haemostasis testing among laboratories in Croatia: a survey on behalf of a Working Group for Laboratory Coagulation of the Croatian Society of Medical Biochemistry and Laboratory Medicine. Biochem Med (Zagreb).
2017;27:199-216. https://doi.org/10.11613/BM.2017.022
7. Lippi G, Favaloro EJ, eds. Causes of errors in medical laboratories. In Kitchen S, Olson JD and Preston FE, eds. Quality
in Laboratory Hemostasis and Thrombosis, Second Edition.
Oxford: John Wiley & Sons, Ltd; 2013. p. 22-31. https://doi.
org/10.1002/9781118543467.ch3
8. Magnette A, Chatelain M, Chatelain B, Ten Cate H, Mullier
F. Pre-analytical issues in the haemostasis laboratory: guidance for the clinical laboratories. Thromb J. 2016;14:49.
https://doi.org/10.1186/s12959-016-0123-z
9. Lippi G, Favaloro EJ. Preanalytical Issues in Hemostasis and
Thrombosis Testing. Methods Mol Biol. 2017;1646:29-42.
https://doi.org/10.1007/978-1-4939-7196-1_2
10. Nikolac N, Šupak-Smolčić V, Šimundić AM, Ćelap I. Croatian Society of Medical Biochemistry and Laboratory Medicine: national recommendations for venous blood sampling. Biochem Med (Zagreb). 2013;23:242-54. https://doi.
org/10.11613/BM.2013.031
11. Clinical and Laboratory Standards Institute (CLSI). Collection, Transport, and Processing of Blood Specimens for Testing Plasma-Based Coagulation Assays and Molecular Hemostasis Assays; Approved Guideline-Fifth Edition. CLSI
document H21-A5. Wayne: CLSI; 2008.
12. Adcock DM, Kressin DC, Marlar RA. Minimum Specimen Volume Requirements for Routine Coagulation Testing Dependence on Citrate Concentration. Am J Clin Pathol.
1998;109;595-9. https://doi.org/10.1093/ajcp/109.5.595
13. Bennett ST, ed. Collection of Coagulation Specimens. In:
Bennett ST, Lehman CM, Rodgers GM, eds. Laboratory Hemostasis - A Practical Guide for Pathologists. Basel: Springer
International Publishing Switzerland; 2015. p.19-32. https://
doi.org/10.1007/978-3-319-08924-9_2

14. Lippi G, Salvagno GL, Montagnana M, Lima-Oliveira G, Guidi GC, Favaloro EJ. Quality Standards for Sample Collection in Coagulation Testing. Semin Thromb Hemost. 2012;38:
565-75. https://doi.org/10.1055/s-0032-1315961
15. Laxson CJ, Titler MG. Drawing coagulation studies from arterial lines; an integrative literature review. Am J Critical
Care. 1994;3:16-22.
16. Adcock Funk D, ed. Sample integrity and preanalytical variables. In: Kitchen S, Olson JD and Preston FE, eds. Quality
in Laboratory Hemostasis and Thrombosis, Second Edition.
Oxford: John Wiley & Sons, Ltd; 2013. p. 45-56. https://doi.
org/10.1002/9781118543467.ch5
17. Suchsland J, Friedrich N, Grotevendt A, Kallner A, Lüdemann
J, Nauck M, Petersmann A. Optimizing centrifugation of coagulation samples in laboratory automation. Clin Chem
Lab Med. 2014;52:1187-91. https://doi.org/10.1515/cclm2014-0038
18. Marlar RA, Potts MR, Marlar AA. Effect on routine and special coagulation testing values of citrate anticoagulant
adjustment in patients with high hematocrit values. Am J
Clin Pathol. 2006;126:400-5. https://doi.org/10.1309/RRQKT2JEYV33D19D
19. Lippi G, Plebani M, Favarolo EJ. Interference in coagulation testing: Focus on spurious hemolysis, icterus, and lipemia. Semin Thromb Hemost. 2013;39:258–66. https://doi.
org/10.1055/s-0032-1328972
20. Adcock Funk DM, Lippi G, Favaloro EJ. Quality Standards
for Sample Processing, Transportation, and Storage in Hemostasis Testing. Semin Thromb Hemost. 2012;38:576-85.
https://doi.org/10.1055/s-0032-1319768
21. van Geest-Daalderop JH, Mulder AB, Boonman-de Winter
LJ, Hoekstra MM, van den Besselaar AM. Preanalytical variables and off-Site blood collection: Influences on the results
of the prothrombin time/international normalized ratio test
and implications for monitoring of oral anticoagulant therapy. Clin Chem 2005;51:561-8. https://doi.org/10.1373/
clinchem.2004.043174
22. Favaloro EJ, Soltani S, McDonald J. Potential laboratory
misdiagnosis of haemophilia and von Willebrand Disorder due to cold activation of blood samples for testing.
Am J Clin Path. 2004;122;686-92. https://doi.org/10.1309/
E4947DG48TVY19C2
23. Lima-Oliveira G, Adcock DM, Salvagno GL, Favaloro EJ,
Lippi G. Mixing of thawed coagulation samples prior to
testing: Is any technique better than another? Clin Biochem. 2016;49:1399-401. https://doi.org/10.1016/j.clinbiochem.2016.10.009
24. Gosselin RC, Honeychurch K, Kang HJ, Dwyre DM. Effects
of storage and thawing conditions on coagulation testing.
Int J Lab Hematol. 2015;37:551-9. https://doi.org/10.1111/
ijlh.12342
25. Mackie I, Cooper P, Lawrie A, Kitchen S, Gray E, Laffan M;
British Committee for Standards in Haematology. Guidelines on the laboratory aspects of assays used in haemostasis and thrombosis. Int J Lab Hematol. 2013;35:1-13. https://
doi.org/10.1111/ijlh.12004

Biochem Med (Zagreb) 2019;29(2):020503		 https://doi.org/10.11613/BM.2019.020503

16

Bronić A. et al.

26. Gardiner C, Kitchen S, Dauer RJ, Kottke-Marchant K,
Adcock DM. Recommendations for evaluation of coagulation analyzers. Lab Hematol. 2006;12:32–8. https://doi.
org/10.1532/LH96.05031
27. Kitchen S, Preston EF, Olson JD, eds. Internal Quality Control in the hemostasis Laboratory. In: Kitchen S, Olson JD
and Preston FE, eds. Quality in Laboratory Hemostasis and
Thrombosis, Second Edition. Oxford: John Wiley & Sons, Ltd;
2013. p. 57-64. https://doi.org/10.1002/9781118543467.ch6
28. Preston EF, Kitchen S, Srivastava A, eds. External Quality
Assessment in Hemostasis: Its Importance and Significance. In: Kitchen S, Olson JD and Preston FE, eds. Quality in
Laboratory Hemostasis and Thrombosis, Second Edition.
Oxford: John Wiley & Sons, Ltd; 2013. p. 65-76. https://doi.
org/10.1002/9781118543467.ch7
29. Clinical and Laboratory Standard Institute (CLSI). One-Stage Prothrombin Time (PT) Test and Activated Partial Thromboplastin Time (APTT) Test; Approved Guideline—Second
Edition H47-A2, Wayne: CLSI; 2008.
30. Tripodi A, ed. Monitoring Oral Anticoagulant Therapy.
In: Kitchen S, Olson JD and Preston FE, eds. Quality in Laboratory Hemostasis and Thrombosis, Second Edition.
Oxford: John Wiley & Sons, Ltd; 2013. p. 253-63. https://doi.
org/10.1002/9781118543467.ch22
31. Bonar R, Favaloro EJ. Explaining and reducing the variation in inter-laboratory reported values for International
Normalised Ratio. Thromb Res. 2017;150:22-9. https://doi.
org/10.1016/j.thromres.2016.12.007
32. Clinical and Laboratory Standards Institute (CLSI). Procedures for Validation of INR and Local Calibration of PT/INR
Systems; Approved Guideline. CLSI guideline H54-A. Wayne:
CLSI; 2005.
33. Croatian Chamber of Medical Biochemists. [Harmonizacija laboratorijskih nalaza u području opće medicinske biokemije.] Available at: http://www.hkmb.hr/obavijesti/obavijesti-index.html. Accessed March 21th 2016. (in Croatian)
34. Lippi G, Favaloro EJ. Activated partial thromboplastin
time: New tricks for an old dogma. Semin Thromb Hemost.
2008;34:604–11. https://doi.org/10.1055/s-0028-1104539
35. Johnston M, ed. Monitoring Heparin Therapy. In: Kitchen
S, Olson JD and Preston FE, eds. Quality in Laboratory
Hemostasis and Thrombosis, Second Edition. Oxford:
John Wiley & Sons, Ltd; 2013. p. 224-52. https://doi.
org/10.1002/9781118543467.ch21
36. Brill-EdvardsP, Gunsberg JS, Johnston M, Hirsh J. Establishing a therapeutic range for heparin therapy. Ann Intern Med.
1993;119:104-9. https://doi.org/10.7326/0003-4819-119-2199307150-00002
37. Marlar RA, Gausman J. The optimum number and types of
plasma samples necessary for an accurate activated partial thromboplastin time – based heparin therapeutic range. Arch Pathol Lab Med. 2013;137:77-82. https://doi.
org/10.5858/arpa.2011-0516-OA
38. Laposata M, Green D, Van Cott EM, Barrowcliffe TW, Goodnight SH, Sosolik RC. College of American Pathologists
Conference XXXI on laboratory monitoring of anticoagulant therapy; the clinical use and laboratory monitoring of
low-molecular-weight heparin, danaparoid, hirudin and rehttps://doi.org/10.11613/BM.2019.020503

Recommendations for coagulation screening assays and D-dimer

lated compounds, and argatroban. Arch Pathol Lab Med.
1998;122:799-807.
39. Rodgers GM, Lehman CM, eds. Hemostasis Screening
Assays. In: Bennett ST, Lehman CM, Rodgers GM. Laboratory
Hemostasis: A Practical Guide for Pathologists. Basel: Springer International Publishing Switzerland; 2007.p.85-101.
https://doi.org/10.1007/0-387-36840-X_5
40. Teruya J. Thrombin Time. Available at: http://emedicine.
medscape.com/article/2086 278 -overview. Accessed March
21th 2016.
41. Ariëns RA. Fibrin(ogen) and thrombotic disease. J Thromb
Haemost.
2013;11:294–305.
https://doi.org/10.1111/
jth.12229
42. Mackie IJ, Kitchen S, Machin SJ, Lowe GDO. On Behalf of the
Haemostasis and Thrombosis Task Force of the British Committee for Standards in Haematology. Guidelines on fibrinogen assays. Br J Haematol. 2003;121:396-404. https://doi.
org/10.1046/j.1365-2141.2003.04256.x
43. van den Besselaar AMHP, van Rijn CJJ, Cobbaert CM, Reijnierse GLA, Hollestelle MJ, Niessen R. et al. Fibrinogen determination according to Clauss: commutability assessment of
International and commercial standards and quality control samples. Clin Chem Lab Med. 2017; 55:1761–9. https://
doi.org/10.1515/cclm-2016-1088
44. Miesbach W, Schenk J, Alesci S, Lindhoff-Last E. Comparison of the fibrinogen Clauss assay and the fibrinogen
PT derived method in patients with dysfibrinogenemia.
Thromb Res. 2010;126:e428–33. https://doi.org/10.1016/j.
thromres.2010.09.004
45. Chitolie A, Mackie IJ, Grant D, Hamilton JL, Machin
SM. Inaccuracy of the „derived“ fibrinogen measurement. Blood Coagul Fibrinol. 1994;5:955-7. https://doi.
org/10.1097/00001721-199412000-00012
46. Olson JD, Cunningham MT, Higgins RA, Eby CS, Brandt JT.
D-dimer: simple test, tough problems. Arch Pathol Lab Med.
2013;137:1030-8. https://doi.org/10.5858/arpa.2012-0296CP
47. Lippi G, Tripodi A, Simundic AM, Favaloro EJ. International
survey on D-dimer test reporting: a call for standardization. Semin Thromb Hemost. 2015;41:287-93. https://doi.
org/10.1055/s-0035-1549092
48. Clinical and Laboratory Standards Institute (CLSI). Quantitative D-Dimer for the Exclusion of Venous Thromboembolic Disease; Approved Guideline H59–A. Wayne: CLSI; 2011.
49. Oude Elferink RFM, Loot AE, Van de Klashorst CGJ, HulsebosHuygen M, Piersma-Wichers M, Oudega R. Clinical evaluation of eight different D-dimer test for the exclusion of deep
venous thrombosis in primary care patients. Scand J Clin
Lab Invest. 2015;75:230-8. https://doi.org/10.3109/0036551
3.2014.993697
50. Douma RA, Tan M, Schutgens RE, Bates SM, Perrier A, Legnani C et al. Using an age-dependent D-dimer cut-off
value increases the number of older patients in whom
deep vein thrombosis can be safely excluded. Haematologica. 2012;97:1507–13. https://doi.org/10.3324/haematol.2011.060657
51. Favaloro EJ, Lippi G. Laboratory reporting of haemostasis assays: The final post-analytical opportunity to reduce
Biochem Med (Zagreb) 2019;29(2):020503

17
		

Bronić A. et al.

errors of clinical diagnosis in hemostasis? Clin Chem Lab Med.
2010;48:309–21. https://doi.org/10.1515/CCLM.2010.061
52. Marlar RA, ed. Hemostasis test validation, performance, and reference intervals: international recommendations and guidelines. In: Kitchen S, Olson JD and Preston FE,
eds. Quality in Laboratory Hemostasis and Thrombosis, Second Edition. Oxford: John Wiley & Sons, Ltd; 2013. p. 13-21.
https://doi.org/10.1002/9781118543467.ch2
53. Castellone DD. Establishing reference intervals in the coagulation laboratory. Int J Lab Hematol. 2017;39:121-27.
https://doi.org/10.1111/ijlh.12661
54. Ignjatovic V, Kenet G, Monagle P, on behalf of the Perinatal
and Paediatric Haemostasis Subcommittee of the Scientific and Standardization Committee of the International Society on Thrombosis and Haemostasis. Developmental hemostasis: recommendations for laboratories reporting paediatric samples. J Thromb Haemost. 2012;10:298–300.
https://doi.org/10.1111/j.1538-7836.2011.04584.x
55. Tripodi A, Lippi G, Plebani M. How to report results of prothrombin and activated partial thromboplastin times. Clin
Chem Lab Med. 2016;54:215-22. https://doi.org/10.1515/
cclm-2015-0657

Recommendations for coagulation screening assays and D-dimer

56. Vasikaran S, Sikaris K, Kilpatrick E, French J, Badrick T,
Osypiw J, Plebani M. IFCC WG harmonization of quality
assessment of interpretative comments. Clin Chem Lab
Med. 2016;54:1901-11. https://doi.org/10.1515/cclm-20160709
57. Lippi G, Adcock D, Simundic AM, Tripodi A, Favaloro EJ. Critical laboratory values in hemostasis: toward consensus. Ann
Med. 2017;49:455-461. https://doi.org/10.1080/07853890.2
016.1278303
58. Ansell J, Hirsh J, Hylek E, Jacobson A, Crowther M, Palareti G.
Pharmacology and management of the vitamin K antagonists: American College of Chest Physicians Evidence-Based
Clinical Practice Guidelines (8th ed.). Chest. 2008;133:160S98S. https://doi.org/10.1378/chest.08-0670
59. Pai M, Moffat KA, Plumhoff E, Hayward CM. Critical values in
the coagulation laboratory: results of a survey of the North
American Specialized Coagulation Laboratory Association.
Am J Clin Pathol. 2011;136:836–41. https://doi.org/10.1309/
AJCP8O8GIPPPNUSH
60. Don-Wauchope AC, Chetty VT. Laboratory defined critical value limits: how do hospital physicians perceive laboratory based critical values? Clin Biochem. 2009;42:766–70.
https://doi.org/10.1016/j.clinbiochem.2009.02.016
61. Huber AR; Méndez A; Brunner-Agten S. Automation in haemostasis. Hamostaseologie. 2013;33:295-8. https://doi.
org/10.5482/HAMO-12-05-0002

Biochem Med (Zagreb) 2019;29(2):020503		 https://doi.org/10.11613/BM.2019.020503

18

Bronić A. et al.

Recommendations for coagulation screening assays and D-dimer

Appendix 1. Basic recommendations for procedures in preanalytical, analytical and
postanalytical phases of prothrombin time, activated partial thromboplastin
time, fibrinogen and D-dimer testing
Phase of coagulation testing          Recommendation

Reference(s)

Preanalytical phase in coagulation testing
Test request
Information on suspected or established diagnosis as well as on anticoagulant therapy
should be an integral part of the coagulation test request.

10

Patient preparation and identification
Preparation of patient prior to venipuncture and appropriate identification of patient during
venipuncture should be in compliance to National recommendations for venous blood
sampling.

10

Sample tubes and anticoagulant
1. Venous blood specimens for coagulation testing should be collected into glass or plastic
test tubes, both containing non-activating surfaces.

11,13

2. Test tubes should contain buffered trisodium citrate as anticoagulant, preferably at
concentration of 105-109 mmol/L, also referred as 3.2% trisodium citrate.

11

3. The proportion of blood to anticoagulant volume should always be 9:1.

11

4. Samples with +/- 10 % of the fill line, corresponding to 90-110% fill volume could be
accepted for analysis.

11,12-14

Blood sample collection
1. Collection of blood samples for coagulation testing should be in compliance to National
recommendations for venous blood sampling.

10

2. Prior to collection of specimen for coagulation testing through an intravenous catheter,
it is recommended to flush the central catheter line with saline and to discard first 5 mL
of blood or 6-times of the line volume or if collected from a capped off peripheral venous
catheter, twice of the catheter and extension set dead space volume should be discarded.

8,10,11,15

Order of test tubes draw
1. The coagulation tube has to be collected preferably before any other tube with additive
(by clot activator or anticoagulant).

11,13,14

2. There is no need to first draw a discard tube prior to collecting specimens for routine
coagulation tests and D-dimers. The exception of this rule includes a procedure when a
winged blood collection set should be used, as the air in the tubing leads to the under
filling of the test tube. A discard tube in this case should be a non-additive.

10,11,14

Each laboratory should have defined criteria for rejecting unsuitable specimens for
coagulation testing.

8,11,16

1. Plasma samples for determination of screening assays, aPTT, TT, fibrinogen as well as
D-dimers, should be prepared by centrifugation of primary collection tube at ambient
temperature (18-25 °C), at 1500xg for 15 minutes.

11,13,17

2. All plasma samples that should be frozen until analysis, should be double centrifugated
prior to freezing to obtain platelet poor plasma (PPP), containing < 10 x109/L platelets.

16,17

Specimen rejection

Sample processing

Samples with high haematocrit values
1. The final concentration of the citrate in the test tube should be adjusted in order to
maintain the appropriate blood to anticoagulant ratio at 9:1 in samples with haematocrit
values above 0.55 L/L.
https://doi.org/10.11613/BM.2019.020503
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2. On the test report, it should be always indicated that citrate volume in the test tube was
adjusted due to high haematocrit values: “Coagulation assays are performed in samples
with adjusted volume of anticoagulant (citrate) due to high haematocrit value (Hct = xx
L/L).”, where xx represents the exact amount of haematocrit.

11,13,18

Haemolysis, hyperbilirubinemia and lipemia
1. For coagulation screening assays laboratories should evaluate acceptable concentration
of interfering substances for their own system (reagent/coagulometer).

19,20

2. If intravascular or in vivo haemolysis is suspected, along with the results appropriate
notation on the test report (intravascular haemolysis) should be given.

11,19,20

3. Use of mechanical and/or electromechanical clot detection methods is recommended
whenever it is possible for samples that contain substances interfering with light
transmission.

11

Sample storage until analysis
1. Specimens for all haemostasis assays should be kept capped (in an unopened tube) at
ambient temperature (18-25 °C) until analysis.

11,12,20

2. Testing for all coagulation assays should be performed within 4 hours after blood
collection. The exception of this rule could be applied to PT and D-dimer testing, for which
specimens can be stored at ambient temperature for up to 24 hours after blood collection,
either uncentrifuged or centrifuged with plasma remaining on the top of the cellular
component in an unopened tube.

11,20,21

3. Laboratories that accept specimens for PT and D-dimer testing stored within 24 hours of
blood collection should confirm sample stability with their own system.

21

4. If aPTT testing is requested for UFH monitoring, specimens should be centrifuged and
plasma should be removed from cells within 1 hour of collection.

11,16,21

5. If testing for any haemostasis assay is not possible within the allowed time, plasma should
be removed from the cells after centrifugation and immediately frozen at – 20 °C or below
for short-term storage (up to two weeks) or at – 70 °C for up to six months.

16,20

Transport of specimens to distant laboratories
1. If coagulation specimens should be sent to distant laboratories for analysis, samples
should arrive in the testing laboratory in real time to allow analysis within appropriate
timeframes specified for each assay. If it is not possible to transport specimens within
appropriate timeframes for analysis, blood samples should be processed as it is described in
previous section as recommendation 5.

16,20

2. Each vial with specimen that should be sent at distant laboratories for analysis, should be
labelled with the patient’s full name, date of birth, identification number (insurance number
or unique identification number in laboratory). In addition, sample type (e.g. citrate plasma),
date and time of sampling should be also provided.

16,20

3. Frozen plasma specimens should be transported preferable on a dry ice, and if not
possible on sufficient amount of regular ice in a Styrofoam container in order to keep the
samples solidly frozen until they arrive at the laboratory.

5,8,11

Thawing of frozen plasma samples
1. Thawing of frozen plasma samples should be performed rapidly, for 10 minutes, at 37 °C
in an incubator, dry thermo block or water bath.

5,16,20,23

2. To ensure sample integrity prior to testing, thawed sample should be thoroughly mixed
by the gentle inversion of sample for 180° and return to starting position for 6-times.

23

Analytical phase in coagulation testing
Quality control
1. Internal quality control (IQC) plasma should be analysed always following opening or/
and reconstitution of new reagent, calibration, preventive coagulometer maintenance and
repair.

27
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2. For quantitative coagulation tests, as a minimum two levels of control material
including both normal and pathological control plasma should be run every eight hours of
continuous operation. Different IQC schedule could be allowable if laboratory has analysed
its own working process and performed the risk analysis prior to use.

27,29

3. External quality assessment should be essential part of the total quality management in
coagulation laboratory.

27,29

For implementation of coagulometers into daily practice, evaluation and validation of
procedures should be performed in compliance to previously published recommendations.

26

1. Recombinant thromboplastins with ISI values below 1.2 should be used for PT
determination.

29-33

2. ISI value for a specific combination of thromboplastin/coagulometer should be used
whenever it is possible. If specific ISI is not available it should be determined locally.

29,30,32

Coagulation assays

Prothrombin time

Activated partial thromboplastin time
1. To perform aPTT as a screening test, it is recommended to use aPTT reagents sensitive to
factor deficiency and UFH therapy, but at the same time they do not have to be sensitive to
LA.

4,29,34

2. aPTT assay is an appropriate assay for UFH therapy monitoring.

35

3. If aPTT is used for UFH therapy monitoring, general recommendation for laboratories is to
test the sensitivity of aPTT reagents in order to establish appropriate therapeutic interval.

35-37

4. aPTT should not be used for LMWH monitoring. For estimating LMWH therapeutic
response anti-Xa assay should be used exclusively.

38

Thrombin time should not be used for monitoring anticoagulant therapy with haeparin or
thrombin inhibitors as it is too sensitive and not standardized for this purpose.

39,40

1. Fibrinogen functional assay is the most reliable method for routine use in clinical
laboratory.

42

2. Fibrinogen immunoassays that measure concentration of fibrinogen rather than its
functional activity are recommended in differential diagnosis of dysfibrinogenemia.

39,42

3. Derived fibrinogen assay is not recommended for routine laboratory use.

42,44,45

1. D-dimer results, reference intervals and cut-off values should be interpreted depending
on method that laboratory use.

47,48

2. D-dimer measurement method should be pointed out on the test report along with the
test results.

48-50

Thrombin time

Fibrinogen

D-dimer

Postanalytical phase in coagulation testing
Reference intervals and cut-off values and harmonisation of result reporting
2. If reference intervals are adopted from the literature or manufacturer, it is recommended
to verify if such intervals are appropriate for a local population.

25,53

3. The use of age-adjusted reference intervals is critical for ensuring proper management of
children with thrombosis or bleeding disorders.

54
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Reporting of coagulation screening assays and D-dimer results
Reporting of PT/INR results
1. PT results should be reported as percentage if patients are not on VKA therapy.

29,30,51

2. INR should not be reported for patients not receiving VKA.

30

3. The INR system for reporting PT results should be used exclusively for VKA therapy
monitoring.

29,30

Reporting of aPTT results
The aPTT ratio should always be reported together with the result expressed in seconds.

29,35-37

Reporting of TT results
The TT test should be reported in seconds.

39,40

Fibrinogen functional assay should be reported in g/L.

42

1. D-dimer results should be expressed as mg/L DDU or FEU.

46-48

2. D-dimer measurement method in use should be declared on the test report along with
the test result.

46-48

3. Assay kits that do not provide information about the type of unit used (DDU or FEU) in the
assay should not be used.

46-48

Reporting of fibrinogen results

Reporting of D-dimer results

Interpretative comments
Interpretative comments, related to the both, preanalytical and analytical phases of
testing, as well as those related to the extension of the original clinical request, are strongly
recommended and should be an integral part of the test report whenever it is justified.

56

Critical values reporting
1. Coagulation laboratories are encouraged to define locally clinical relevant critical limits
and/or expand the existing list of critical values in conjunction with local clinical opinion.

57,59

2. The first critical result should be reported immediately to the physician, and depending
on the agreement with the clinical staff, reporting of the each following critical results for
the same patient should be managed.

57,59

3. INR value > 5.0 is considered clinically relevant as it requires urgent intervention in order
to reduce the warfarin anticoagulant effect.

58

4. For UFH monitoring, any aPTT ratio greater than 2.5 times of the upper limit of the
reference interval should be discussed with clinicians as it could indicate increased bleeding
risk.

57

5. Fibrinogen values lower than 0.8 g/L could indicate an elevated bleeding risk and should
be immediately reported to a clinician.

57,59

PT - prothrombin time. aPTT - activated partial thromboplastin time. TT - thrombin time. ISI- International Sensitivity Index. INR International Normalized Ratio. LMWH - low molecular weight heparin. UFH - unfractionated heparin. VKA - vitamin K antagonist.
DDU - D-dimer units. FEU - fibrinogen equivalent units. LA - lupus anticoagulant.

Biochem Med (Zagreb) 2019;29(2):020503		 https://doi.org/10.11613/BM.2019.020503

22

