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CHAPTER 1

General Introduction

7

The purpose of haemostasis
Haemostasis protects us from harm of bleeding and thrombosis. An intact haemostasis
generates a blood clot at the site of an injured vessel, and simultaneously prevents us
against any non-physiologic thrombosis. Efficient haemostasis requires an orchestrated
and extremely fascinating interplay of blood vessels, platelet plug formation, clotting
cascade, and fibrinolysis [1]. Over the last years, I have been a student of haemostasis
and corresponding laboratory tests and the thesis at hand summarises part of my work
in this context.
Following some introductory remarks on hereditary and acquired disorders of
haemostasis, this introduction provides a short overview of laboratory testing in clinical
practice, address issues of test validity and presents an overview of my thesis.

Disorders of haemostasis contribute to the world’s health burden
Any hereditary or acquired disorder of haemostasis may lead to bleeding or venous and
arterial thromboembolism, which represents a significant health burden worldwide
[2,3].
Bleeding is the most common reason for trauma deaths [4] and thus a common
cause of death in young adults in developed countries [5]. On the other hand, anticoagulants, such as warfarin, bear an inherent risk for mortality in elderly trauma patients [6]
and are regarded as the most common reason for acquired disorders of haemostasis.
Moreover, commonly prescribed cardiovascular drugs lead to a disordered platelet
function increasing the propensity of bleeding [7,8]. Finally, although hereditary bleeding disorders such as haemophilia or von Willebrand disease are much less common,
the expenditures for treating these patients are substantial [9].
Haemostatic changes are considered as prerequisite for development of venous
and arterial thromboembolism [10]. Furthermore, altered coagulation factors are regarded as relevant risk factor for venous thromboembolism [11,12] and possibly for
cardio-vascular disease [13].

Laboratory tests used in diagnostic workup and monitoring therapy
Laboratory tests are of paramount importance in the management of any thromboembolic and bleeding disorder. For instance, the D-dimer levels are a cornerstone in the
exclusion of venous thromboembolism [14,15] and also an important prognostic parameter for recurrent thrombosis [16,17]. Prothrombin time, activated partial thromboplastin time, thrombin time, ecarin clotting time and anti Xa assays are prerequisite
9

for monitoring therapy of anticoagulants [18,19]. In recurrent thrombosis, a number of
laboratory parameters such as antiphospholipid antibodies, factor V Leiden mutation,
prothrombin gene mutation, protein C and protein S level, fibrinogen, and antithrombin
[20] assist clinicians assessing the risk in the individual patient. Platelet function tests
and determination of the level of the individual coagulation factors are needed to evaluate patients with a bleeding tendency [21].
In recent years, global coagulation parameters and point-of-care devices such as
thromboelastometry and thrombelastography for rapid determination of a disturbed
haemostasis in patients with massive bleeding have entered the market [22]. Determination of PF4/heparin antibodies is essential for work-up in patients with the critical
situation of suspected heparin-induced thrombocytopenia [23]. Platelet function tests
are increasingly used for monitoring drugs used to inhibit platelet function in cardiovascular and cerebrovascular disease [24]. Combinations of several tests are required for
work-up of complex situations, such as disseminated intravascular coagulation and liver
dysfunction [25].

Validity and clinical value of laboratory tests
Valid, accurate and precise laboratory tests for diagnostic workup and monitoring therapy may help preventing thromboembolic complications and bleeding. Missing or delaying a diagnosis of deep vein thrombosis, pulmonary embolism or heparin-induced
thrombocytopenia may lead to serious complications and death [15,23,26]. A precise
intensity of anticoagulation, as guided by the respective laboratory tests, improves
efficacy and reduces bleedings [27-29]. Furthermore, rapid detection of coagulopathy in
trauma patients prevents (unnecessary) transfusions [30]. However, a number of authors have identified serious gaps in knowledge of validity, accuracy and precision as
well as clinical value for a number of laboratory methods, in various situations [17,3037]. These limitations result in uncertainty with regard to diagnosis, prognosis and monitoring therapy, probably leading to application of unnecessary treatments, withhold of
effective treatments or non-precise monitoring of drugs. Thus, a better understanding
of validity and clinical value of laboratory tests used in haemostasis not only may help to
improve patient care but also to limit health costs.

Aim and outline of the thesis
In this thesis, we aimed to investigate the validity and accuracy of haemostasis laboratory tests applied in a broad range of conditions. In Chapter 2, the technical efficacy of
thromboelastometry (ROTEM) and thrombelastography (TEG) analysis against estab10

lished parameters of haemostasis is discussed. A systematic review was conducted
using a rigorous strategy for identifying available data and strict criteria for determination of methodological quality. The consistency of thromboelastometry parameters is
pointed out in Chapter 3. In a cross-sectional analysis the consistency of thromboelastometry parameters was analysed systematically within individual tests (INTEM, EXTEM,
FIBTEM, HEPTEM, APTEM), between different analysers, between different channels of
the same analyser, between morning and afternoon measurements (circadian variation)
and if measured four weeks apart. Major factors of influence on thromboelastometry
measurements are demonstrated in Chapter 4. In an in-vitro investigation it was investigated, to what extend parameters depend on haematocrit level and platelet count. The
appendix of Chapter 4 discusses the significance of platelet count as a confounding
variable in a study employing thromboelastometry measurements in patients with
myeloproliferative disorders. Chapter 5 reports about the accuracy of point-of-care
coagulometers if used by patients determining their INR level themselves. Not only
laboratory tests are used for diagnostic work-up of bleeding and thromboembolic disorders, but also clinical assessment tools. Chapter 6 describes the reliability of the 4T’s
score in patients with suspected heparin-induced thrombocytopenia. Furthermore, the
appendix of Chapter 6 discusses the value of the 4T’s score in critically ill patients in
view of a large diagnostic accuracy study. Chapter 7 covers the variability of coagulation
test measurements between different laboratories. The degree of, as well as the
sources of variation between laboratories performing tests with identical platforms,
were investigated. Chapter 8 displays the methodological quality and extend of bias in
studies investigating diagnostic tests for venous thromboembolic diseases. A systematic
literature search was done and sample sizes as well as application and results of quality
assessment tools extracted. Furthermore, a meta-analysis compared the pooled diagnostic odds ratios of studies unlikely to be biased with studies likely to be biased according to the QUADAS-2 quality items. Chapter 9 contains an overall summary of this thesis
and provides interpretations and future directions in this fascinating clinical field of
haemostasis.
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Abstract
Background: Assessing the technical efficacy of a new test against established
methods among healthy volunteers should precede clinical introduction to avoid that
premature application harms patients. To what extent this approach has been adopted
in the assessment of thromboelastometry (ROTEM) and thrombelastography (TEG)
analysis, has not been investigated thoroughly.
Objective: To systematically retrieve and describe published reports targeting the
correlation of ROTEM and TEG measurements with established parameters of haemostasis in healthy subjects.
Methods: Systematic Review: Papers were searched in Medline, Scopus and the
Science Citation Index database. Reference lists of included studies and of relevant
reviews were screened. To be included papers had to assess technical efficacy among
healthy volunteers. Two reviewers screened papers for inclusion, read full texts of potentially relevant papers and extracted data of included papers.
Results: Searches identified 1531 records of which 1527 were either excluded immediately or after reading the full text. The remaining 4 studies enrolled 243 subjects.
All papers assessed TEG. Three papers provided data on the association with established parameters of haemostasis but only one study reported correlation parameters
properly. Overall correlation was limited and ranged from 0.21 (coagulation index vs.
activated partial thromboplastin time [aPTT] and time to maximal thrombus generation
vs. aPTT) to 0.40 (total thrombus generation vs. fibrinogen level).
Conclusions: Evidence on the technical efficacy of ROTEM and TEG is sparse. The
relationship between measurements of ROTEM or TEG and established methods of
haemostasis remains ill understood and appears to be limited if known. In view of the
scarcity of data further studies providing compelling results are required to justify more
upstream evaluations in specific clinical situations.

16

Introduction
Back in 1978 Loop and Lusted proposed the first phased evaluation of new medical tests
[1]. To date, after the publication of at least eighteen additional recommendations,
(reviewed in [2]) there is a broad consensus that first phase evaluations should address
parameters of technical efficacy such as minimal detection level, circadian fluctuation,
reproducibility and correlation with established tests in healthy volunteers to avoid that
premature application in clinical practice leads to wrong diagnoses, unnecessary delays
in starting appropriate treatment or even hazardous therapy. It has been recognised
that sophisticated and expensive tests that are disseminated without suitable evaluations can subsequently be found to have marginal clinical value and economic benefit.
Well known examples include the carcinoembryonic antigen test in the diagnosis of
colon cancer [3], Iodine 125-labeled fibrinogen scans in the diagnosis of deep venous
thrombi [4] or rapid magnetic resonance imaging in the management of patients with
low back pain [5].
Thromboelastometry (ROTEM) and thrombelastography (TEG) analysis, two novel
methods to evaluate haemostasis, are increasingly used in practice based on the expectation by clinicians that the implementation of these tests will substantially improve the
management of acute bleeding. Several advantages over established laboratory parameters promote their use in emergency unit and operation theatre. The analyser is easy
to use, it works fast, and the tests are consistently available. The graphical presentation
of the results suggests intuitively an interpretation [6]. Furthermore, tests claim to provide global information on all aspects of haemostasis including fibrinogen level, platelet
function, coagulation cascade, cross-linking of fibrin and fibrinolysis. In addition, whereas the therapeutic consequences of results obtained with established parameters often
remains uncertain, ROTEM/TEG results can translate immediately into specific interventions to enhance haemostasis. Several studies explored their role in the detection of
coagulopathies and changes in bleeding management as well as in the perioperative
setting [7-12]. However, despite a vast amount of investigations, the clinical value of
these methods remains largely left in the dark [13-17]. The supposed lack of rigorous
examinations of their technical efficiency, i.e. the correlation of ROTEM and TEG measurements with established parameters of haemostasis among healthy individuals, is
seen as the key concern in several recent papers [6,18,19].
In the absence of a systematic review of the available literature, it remains difficult
to assess the technical qualities of TEG and ROTEM applications. We therefore performed a systematic review to search, describe and to draw up an inventory of published reports targeting at the correlation of ROTEM and TEG measurements with established parameters of haemostasis among healthy subjects, applying rigorous reviewing methods.
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Methods
These systematic reviews were done according to the procedure mentioned below and
the PRISMA statement [20]. A formal, registered study protocol was not implemented.
Search strategy
To identify papers investigating the technical efficacy of ROTEM and TEG devices we
searched (PRE-)MEDLINE (Pubmed interface) using a search string including the two
Medical Subject Headings (MeSH) “Thrombelastography/methods”[Mesh], “Blood Coagulation Tests”[Mesh] and the free text terms thromboelastography, thromboelastometry, ROTEM and TEG. SCOPUS was searched using the following algorithm: TITLEABS-KEY(thromboelastography OR thromboelastometry)) AND (valid*) AND (LIMITTO(DOCTYPE, “ar”)) AND (LIMIT-TO(SUBJAREA, “MEDI”)) We also searched the Web of
Science database entering 4 seminal papers [6,21-23] and checked their citations for
potentially relevant papers. Searches were complemented checking reference lists of
included studies and of a recently published Cochrane review [13]. Electronic searches
were done from inception to July 2012. An update search of (PRE-)MEDLINE was performed in June 2013.
Selection Criteria for Inclusion
To be included a paper had to use whole blood or citrated blood, blood from healthy
volunteers and had to assess either ROTEM or TEG in combination with at least one
established parameter of haemostasis such as activated partial thromboplastin time
(aPTT), prothrombin time (PT), platelet count (PLT), fibrinogen level, or d-dimers. We
excluded papers assessing trauma patients, patients undergoing cardiac surgery, or
patients with sepsis and other patients with severe illness and papers without a comparison to an established method of haemostasis. This also included head-to-head
comparisons between ROTEM and TEG if they were assessed in absence of an established haemostasis method.
Selection process and data abstraction
In the case of multiple publications from the same participants, the most complete
report was chosen for each study. We extracted data in duplicate and a third reviewer
resolved any discrepancies if the two reviewers disagreed. Of each study we extracted
participants’ age, number of female participants, the total number of included subjects,
the device employed (ROTEM, TEG), which of the parameters was assessed (R time, K
time, α, MA (maximal amplitude), SEMS (shear elastic modulus strength), CI (coagulation index), MTG (maximal thrombus generation), TMG (time to maximal thrombus
generation), TTG (total thrombus generation)). Finally, we also extracted which of the
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established methods was used as the comparator tests and what type of correlation or
concordance parameters was used.

Results
Searches retrieved 1531 records out of which 1407 had to be excluded after screening
title or abstract. Full texts of 124 articles were examined for inclusion. 118 articles fulfilled at least one exclusion criterion leaving 4 articles for analysis [24-27]. All papers
assessed TEG. The selection process is described in Figure 1.

Figure 1: Study flow

Of these four studies only three reported the extent of association between pairs of
parameters. Two studies reported coefficients from regression analyses and only one
study quantified the correlation properly using correlation coefficients. Summaries of
included studies are shown in Tables 1 and 2.
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Table 1: Baseline characteristics
Author

Year

Mean
age

SD
mean
age

Age
range

Female Male

Total
Device
persons

Correlation

Roeloffzen

2010

49.50

25.46

19-87

60

60

120

TEG

Pearson correlation
2
coefficients (r )

Foley

2012

29-32

0

5

5

TEG

-

Scarpelini

2009

Rivard

2005

36.80

11.20

40

78

118

TEG

Linear regression

2

2

4

TEG

Linear and non-linear
regression

In a study enrolling 120 participants (50% female) of 49.5 years on average, Roeloffzen
and colleagues compared R time with the activated partial thromboplastin time (aPTT),
K time with the haemoglobin level, aPTT and the fibrinogen level, α with aPTT and the
fibrinogen level, the maximal amplitude (MA) with the fibrinogen level, the shear elastic
modulus strength (SEMS) with the fibrinogen level, the coagulation index (CI) with aPTT
and the fibrinogen level, the maximal thrombus generation (MTG) with the fibrinogen
level, the time to maximal thrombus generation(TMG) with aPTT and the total thrombus generation (TTG) with the fibrinogen level.
Overall correlation was limited and ranged from 0.21 (coagulation index vs. activated partial thromboplastin time [aPTT] and time to maximal thrombus generation vs.
aPTT) to 0.40 (total thrombus generation vs. fibrinogen level).
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Table 2: Data extraction
Author

Year

Population Device
size

Test

Hemoglobin
level [Hb]

Platelet
count

Activated partial Fibrinogen Thrombin/
thromboplastin level
antithrombin
time [aPTT]
complex [TAT]

Roeloffzen

2010

120

TEG

R time

NS

NS

0.36

NS

-

Roeloffzen

2010

120

TEG

K time

0.24

NS

0.24

-0.27

-

Roeloffzen

2010

120

TEG

α

NS

NS

-0.22

0.28

-

Roeloffzen

2010

120

TEG

MA (maximal amplitude

NS

NS

NS

0.37

-

Roeloffzen

2010

120

TEG

SEMS (shear elastic modulus strength)

NS

NS

NS

0.37

-

Roeloffzen

2010

120

TEG

CI (coagulation index)

NS

NS

-0.21

0.25

-

Roeloffzen

2010

120

TEG

MTG (maximal thrombus generation)

NS

NS

NS

0.27

-

Roeloffzen

2010

120

TEG

TMG (time to maximal thrombus generation)

NS

NS

0.21

NS

-

Roeloffzen

2010

120

TEG

TTG (total thrombus generation)

NS

NS

NS

0.40

-

Rivard

2005

4

TEG

TTG (total thrombus generation)

-

-

-

-

0.85*

Rivard

2005

4

TEG

TTG (total thrombus generation)

-

-

-

-

0.94*

NS = Not Stated, * = derived from regression analyses
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Discussion
Using comprehensive retrieval methods, our systematic review identified no study of
ROTEM and only four studies of TEG investigating technical efficacy in healthy volunteers. One single study reported correlations properly and revealed only a weak to
moderate correlation with established parameters of haemostasis.
There are several studies published investigating the technical efficacy ROTEM or
TEG in animals, as for example Mauch et al [28]. In this study the intrarater and interrater validity of the ROTEM delta was analysed with blood derived from healthy pigs.
Another prospective study compared the coagulation profiles of healthy foals using
standard techniques (prothrombin time (PT), activated partial thromboplastin time
(aPTT), fibrinogen concentration (Fib) and antithrombin (AT)) with the TEG analyser
[29]. In humans, the validity of the ROTEM and TEG was verified through comparison
with standard methods in the context of specific circumstances, as for example orthotopic liver transplantation [30-32], during aortic surgery [12,33,34] or in trauma patients
[16,35,36]. We also found a trial reporting on head to head comparison of ROTEM and
TEG [19]. Although these approaches also yield valuable information, we think that a
first comparison with standardized methods in healthy subjects would have been required in order to evaluate the reproducibility of the obtained results.
We applied up-to-date and rigorous systematic review methods to retrieve and
assess the available evidence. In view of the risk that potentially relevant studies could
be missed due to ambiguous indexing in the various databases, we applied an overinclusive approach. These sensitive searches retrieved over 1500 records. Screening for
inclusion was made in duplicate to reduce the risk of missing relevant papers. We expected to find a reasonable number of studies that would allow us to provide quantitative summaries of various comparisons. Moreover, out of the many available, we hoped
to depict those parameters from thromboelastometry and thrombelastography that
would be most suited for investigations in various clinical settings such as acute bleeding, applications in emergency rooms and of patients with specific haemostatic deficiencies. Despite our motivation the current evidence base impeded us from generating
meaningful summaries for further research and clinical practice.
The lack of studies examining the ROTEM or TEG device in a cohort of healthy volunteers and comparing its findings to established methods of haemostasis systematically is remarkable. Despite the absence of that fundamental research, these devices are
already in daily use and no one can foresee possible consequences of premature implementation into clinical practice. Furthermore, it cannot be ruled out that decisions
made on the basis of miss-interpretations, false alarms or false negative findings can
increase patients’ burden.
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One may argue, that the clinical value of established coagulation parameters is limited
as well. It is true, that results of coagulation parameters such as PT not directly prompt
any specific treatment. However, these parameters remain the gold standard for detection of coagulopathies in the setting of acute bleeding [37] and treatment based on
ROTEM or TEG assays didn’t show any relevant clinical benefits so far [13,17].
Following existing guidelines of test evaluation (reviewed and discussed in: [2]) we
propose that further research should first investigate the distribution of normal values
of ROTEM and TEG parameters in reasonably sized studies enrolling healthy subjects.
Second, distributions should be assessed in groups of patients with a specific illness and
compared to distributions of healthy subjects. In a third step, assessing test performance characteristics such as sensitivity and specificity should be performed, taking
contextual clinical information into account. Fourth, studies should determine the marginal informativeness of ROTEM and TEG in context of other clinical information about
the patients’ state that is available prior to testing. Finally, formal decision-analytic
models should be performed determining the optimal areas for clinical use taking patient preferences and clinical outcomes into account.
In conclusion, the relationship between measurements of ROTEM or TEG and established methods of haemostasis remains ill understood and appears to be extremely
limited. In view of the scarcity of data further studies providing compelling results are
required to justify more upstream evaluations in specific clinical situations.
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Abstract
Background: While the use of thromboelastometry analysis (ROTEM®) in evaluation
of haemostasis is rapidly increasing, important validity parameters of testing remain
inadequately examined. We aimed to study systematically the consistency of thromboelastometry parameters within individual tests regarding measurements between different analysers, between different channels of the same analyser, between morning and
afternoon measurements (circadian variation), and if measured four weeks apart.
Methods: Citrated whole blood samples from 40 healthy volunteers were analysed
with two analysers in parallel. EXTEM, INTEM, FIBTEM, HEPTEM and APTEM tests were
conducted. A Bland-Altman comparison was performed and homogeneity of variances
was tested using the pitman test. P-value ranges were used to classify the level of homogeneity (p<0.15 – low homogeneity, p=0.15 to 0.5 – intermediate homogeneity,
p>0.5 high homogeneity).
Results: Less than half of all comparisons made showed high homogeneity of variances (p>0.5) and in about a fifth of comparisons data distributions were heterogeneous (p<0.15). There was no clear pattern for homogeneity. On average, comparisons of
MCF, ML and LI30 measurements tended to be better, but none of the tests assessed
outperformed another.
Conclusions: Systematic investigation reveals large differences in the results of
some thromboelastometry parameters and lack of consistency. Clinicians and scientists
should take these inconsistencies into account and focus on parameters with a higher
homogeneity such as MCF.
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Introduction
To be useful in haemostasis assessment, thromboelastometry analyses (ROTEM®)
should not depend on the device itself, or on the moment of testing, but need to reflect
the haemostatic condition of a patient. Thromboelastometry analysis (ROTEM®) is a
point-of-care viscoelastic test comparable to thromboelastography (TEG®), which has
been enthusiastically received due to its convenient handling features by many clinicians. Reasons for the successful introduction of the ROTEM® device include good handle ability for non-laboratory personnel, the quick delivery and graphical display of results. All these features facilitate its use in emergency rooms and operation theatres
[1,2]. Moreover, various authors suggested performing thromboelastometry in the
setting of acute bleeding because it is claimed that this provides global information on
all parts of haemostasis including fibrinogen levels, platelet function, coagulation cascade, cross-linking of fibrin and fibrinolysis [3,4]. Thromboelastometry has been evaluated mainly in perioperative and trauma settings for detection of coagulopathy, guiding
substitution therapy and for reducing transfusions [3,5-13]. Furthermore, thromboelastometry is mentioned in several recent guidelines of scientific societies [14,15]. However, although a vast amount of investigations have been performed in the last few years,
the clinical value remains still unclear [16-21]. Surprisingly, important validity parameters of testing remain incompletely examined and even key questions on consistency
are still inadequately determined [22,23]. Limitations in reproducibility may seriously
reduce the value of a medical test, possibly lead to wrong diagnoses, unnecessary delays in starting appropriate treatment, or even hazardous therapy. Thus, evidencebased laboratory guidelines recommend performing these investigations in the early
evaluation of a medical test [24,25].
Previous investigations studying reliability, revealed inconsistent data and left one
essential question open: Are thromboelastometry measurements reproducible in clinically relevant situations [4,6,22,23,26-30]? Investigations focussed on partial aspects
only, surrogate test materials were used instead of whole blood samples, sample sizes
were small, and the distinct characteristics of the analysis that limit the application of
traditional measures of reliability such as within-run or inter-assay imprecision have not
been respected. The whole blood samples are vulnerable to artefacts due to ex vivo
activation of thrombocytes, coagulation factors and inhibitors; the analysers have a
multi-channel composition; and the duration of a single measurement is very long. In
addition, key questions of consistency such as reproducibility of measurements between different analysers and intra-individual variation have not been adequately addressed. Furthermore, every single test run produces a large number of results parameters (at least 25), and no consensus exists which of them should be taken into account.
Several recent reviews and other publications discussed possible problems in reproduc-
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ibility and argued that efforts are necessary to establish reliability and standardisation
[2,22,26]. Therefore, the aim of the present investigation was to study the consistency
of thromboelastometry parameters within individual tests, between different analysers,
between different channels of the same analyser, between morning and afternoon
measurements (circadian variation), and if measured four weeks apart (day-to-day variation) systematically in a joint assessment.

Materials and Methods
Study design
In this prospective study citrated whole blood samples were taken from 40 healthy
young volunteers and assessed with two ROTEM analysers in parallel. Individuals did not
have any known disease, were taking no medication with an effect on haemostatic
parameters and had no history of bleeding or thromboembolic events. The study was
approved by the local ethical review board (Kantonale Ethikkommission Luzern; #11001)
and all participants provided written informed consent.
Sampling and preanalytic procedures
Blood withdrawal was done under standardised conditions to preclude preanalytic influences. Plastic syringes (Monovette®, Sarstedt, Nümbrecht, Germany) containing 1 ml
trisodium citrate (0.106 mol/l) for 9 ml of blood were used for collection of whole blood
samples by direct venipuncture of the median cubital vein. No heparin-containing peripheral or central venous catheter was used. The citrated sample for thrombelastometry was collected after discarding the first syringe. Platelet count and haematocrit were
determined using XE 5000 (Sysmex AG, Horgen, Switzerland). Time between blood
withdrawal and analysis was strictly held at 10 to 15 minutes to eliminate possible impact of platelet activation, activation of coagulation factors and inhibitors. This time
period included 5 minutes of pre-heating to 37°C to achieve an equal temperature of all
samples. To avoid possible influences due to different preparation and handling, the
same laboratory technician performed all tests.
Thromboelastometry analysis
Thromboelastometry was conducted using two new ROTEM® analysers (ROTEM® delta;
Pentapharm GmbH, Munich, Germany). Thromboelastometry procedures were performed according to the manufacturer’s instructions by following an automated electronic pipette programme. Details of the ROTEM® analysis, parameters and activating
agents have been described in detail elsewhere [5,26,31,32]. In brief, thromboelastometry analysis assesses the viscoelastic properties of a forming clot by tracing the oscillations of a pin within a cup containing a citrated whole blood sample. Different aspects
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of clot formation are recorded as parameters of the analysis: time from addition of the
activator to start of clotting is measured as clotting time (CT, s); the acceleration of
clotting is represented by the clot formation time (CFT, s), and the alpha angle (ALP,
degree); the clot strength is indicated by the maximum clot firmness (MCF, mm), amplitude achieved after 10 minutes (A10, mm), after 20 minutes (A20, mm), and after 30
minutes (A30, mm); and the amount of fibrinolysis is demonstrated by the ratio of clot
strength after 60 minutes (ML, %), and 30 minutes (LI30, %) to the MCF value. The different tests of the analysis represent the clotting response after addition of several
activators. INTEM monitors the intrinsic pathway of coagulation by the use of a respective reagent. A tissue factor-containing reagent is employed in EXTEM, representing the
extrinsic pathway. In FIBTEM, a platelet inhibitor is added demonstrating the (functional) fibrinogen part of clotting. The fibrinolysis blocking agent aprotinin is added in
APTEM, allowing to detect hyperfibrinolysis. In HEPTEM, heparinase is added allowing
detection of heparin in INTEM.
Reproducibility between different ROTEM analysers
INTEM, EXTEM and FIBTEM parameters were assessed in parallel with two ROTEM®
analysers in three channels using whole blood samples of 20 individuals. The fourth
channel was used to determine APTEM parameters in 10 samples and HEPTEM in 10
samples, each.
Reproducibility between different channels of the same ROTEM analyser
EXTEM and INTEM parameters were measured in channels 1+2 and 3+4, respectively,
using two ROTEM® analysers, resulting in 40 measurements of 20 individuals corresponding to 20 measurements in parallel.
Intra-individual circadian variation between morning and afternoon measurements
ROTEM® analysis was conducted in 20 individuals at 8:00 a.m. and 4:00 p.m. of the same
day using the same ROTEM® analyser and the same channel for each test. INTEM, EXTEM und FIBTEM parameters were recorded. HEPTEM and APTEM were conducted
similarly in 10 individuals.
Intra-individual variation measured four weeks apart
ROTEM® analysis was conducted in 20 individuals on day one as well as four weeks later
using the same ROTEM® analyser and the same channel for each test. INTEM, EXTEM
und FIBTEM parameters were recorded. HEPTEM and APTEM were conducted similarly
in 10 individuals.
Statistical analysis
Differences versus means of pairs of variables were plotted (Bland-Altman plots) and
the correlation between differences and means was calculated. The Pitman-test was
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performed to test a null hypothesis of equal variances given bivariate normality. P-value
ranges (p<0.15 – low homogeneity, p=0.15 to 0.5 – intermediate homogeneity, p>0.5
high homogeneity) were used to classify the level of homogeneity between pairs of
variances. Analyses were performed using the Stata 11.2 statistics software package.
(StataCorp. 2009. Stata Statistical Software: Release 11. College Station, TX: StataCorp
LP.)

Results
Demographics of participants
Forty individuals were included, 20 male and 20 female. Median age was 34.5 (range
20-62), female 31.0 (21-60), male 39.5 (20-62).
Consistency within individual tests
Measurements are displayed as Bland-Altman plots for comparison between different
analysers and between different channels of the same analyser (Figure S1–
supplementary material), and for morning and afternoon measurements as well as
measurements 4 weeks apart (Figure S2). The corresponding homogeneity of measurements is given in Table 1. Differences in variance varied widely within the individual
tests. Some parameters show a good precision (p>0.5; displayed in green), others are
only moderate (p=0.15 to 0.5; pale red) or poor (p<0.15; dark red). Discrepancies were
found in all situations (comparison between analysers, between different channels of
the same analyser, circadian variation, and day-to-day variation).
Reproducibility between different ROTEM analysers
High homogeneity was found in 2 out of 9 measurements of EXTEM, in 4 out of 9 INTEM
parameters, in FIBTEM MCF, and in 3 out of 3 APTEM parameters (Table 1, Figure S1). A
moderate homogeneity was shown in 6/9 EXTEM measurements, 3/9 INTEM parameters, and 2/3 HEPTEM parameters. Poor homogeneity was found in 1/9 EXTEM measurements, 2/9 INTEM parameters, and 1/3 HEPTEM parameters.
Reproducibility between different channels of the same ROTEM analyser
High homogeneity was found in 7 out of 18 measurements of EXTEM, and in 9 out of 18
INTEM parameters (Table 1; Figure S1). A moderate homogeneity was shown in 7/18
EXTEM measurements, and in 4/18 INTEM parameters. Poor homogeneity was found in
4/18 EXTEM measurements, and in 5/18 INTEM parameters.
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Table 1: Difference in variance for thromboelastometry measurements in defined situations
Test / Parameter

CT

CFT

ALP

A10

A20

MCF

ML

LI30

A30

Comparison between
ROTEM analyzers
EXTEM

r = 0.247, r = 0.253, r = 0.074, r = 0.421, r = 0.614, r = 0.278, r =-0.101, r = 0.250, r = 0.434,
p = 0.293 p = 0.281 p = 0.757 p = 0.065 p = 0.004 p = 0.235 p = 0.674 p = 0.288 p = 0.056

INTEM

r = 0.325, r =-0.527, r =-0.614, r =-0.058, r =-0.012, r =-0.115, r = 0.058, r = 0.267, r = 0.172,
p = 0.162 p = 0.063 p = 0.040 p = 0.809 p = 0.959 p = 0.634 p = 0.808 p = 0.256 p = 0.468
r =-0.076,
p = 0.752

FIBTEM
APTEM

r =-0.092, r =-0.071,
p = 0.8021 p = 0.8461

r =-0.105,
p = 0.7741

HEPTEM

r = 0.650, r = 0.422,
p = 0.0421 p = 0.2251

r =-0.265,
p = 0.4901

Comparison of circadian
differences
EXTEM

r = 0.407, r = 0.170, r = 0.075, r = 0.323, r = 0.385, r = 0.272, r = 0.216, r =-0.312, r = 0.340,
p = 0. 075 p = 0. 472 p = 0. 752 p = 0.165 p = 0.094 p = 0.247 p = 0.359 p = 0.223 p = 0.143

INTEM

r = 0.083, r =-0.053, r =-0.156, r = 0.020, r = 0.053, r =-0.016, r = 0.147, r =-0.101, r = 0.031,
p = 0.727 p = 0.823 p = 0.521 p = 0.933 p = 0.823 p = 0.946 p = 0.536 p = 0.676 p = 0.896
r =-0.378,
p = 0.151

FIBTEM
APTEM

r =-0.226, r = 0.313,
p = 0.5501 p = 0.3791

r =-0.147,
p = 0.6851

HEPTEM

r = 0.616, r = 0.548,
p = 0.0581 p = 0.1011

r =-0.304,
p = 0.4351

Comparison after 4 weeks
EXTEM

r= 0.346, r = 0.280, r = 0.260, r = 0.390, r = 0.299, r = 0.361, r = 0.020 r = 0.111, r = 0.389,
p = 0.136 p = 0.232 p = 0.269 p = 0.089 p = 0.200 p = 0.118 p = 0.935 p = 0.642 p = 0.090

INTEM

r =-0.266, r =-0.175 r =-0.324, r = 0.019, r = 0.217, r = 0.204, r =-0.107, r = 0.073, r = 0.166,
p = 0.290 p = 0.473 p = 0.207 p = 0.937 p = 0.358 p = 0.389 p = 0.657 p = 0.760 p = 0.485
r =-0.115,
p = 0.634

FIBTEM
APTEM

r = 0.314, r = 0.702,
p = 0.3761 p = 0.0241

r = 0.382,
p = 0.2771

HEPTEM

r = 0.371, r = 0.552,
p = 0.2911 p = 0.0981

r =-0.235,
p = 0.5361

Reproducibility between
different channels of the
same ROTEM analyzer (1st
device)
EXTEM

r= 0.284, r= 0.649, r= 0.157, r= 0.487, r= 0.476, r= 0.199, r=-0.244, r=-0.136, r= 0.315,
p= 0.225 p= 0.002 p= 0.509 p= 0.029 p= 0.034 p= 0.400 p= 0.328 p= 0.574 p= 0.177

INTEM

r=-0.024, r=-0.546, r=-0.507, r=-0.199, r=-0.039, r=-0.031, r= 0.400, r= 0.120, r= 0.154,
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Test / Parameter

CT

CFT

ALP

A10

A20

MCF

ML

LI30

A30

p= 0.921

p= 0.057

p= 0.071

p= 0.419

p= 0.869

p= 0.897

p= 0.081

p= 0.614

p= 0.517

Reproducibility between
different channels of the
same ROTEM analyzer (2nd
device)
EXTEM

r= 0.156, r=-0.438, r=-0.080, r=-0,198
p= 0.510 p= 0.106 p= 0.739 p= 0.420

r=-0.173, r=-0.129, r=-0.094, r=-0.133, r=-0.214,
p= 0.478 p= 0.595 p= 0.695 p= 0.583 p= 0.385

INTEM

r=-0.182, r=-0.508, r=-0.295, r=-0.223, r=-0.033, r=-0.057, r=-0.504, r= 0.110, r=-0.010,
p= 0.458 p= 0.071 p= 0.245 p= 0.367 p= 0.889 p= 0.813 p= 0.072 p= 0.646 p= 0.966
1

Difference in variance, pitman test, n = 20, n = 10; p-value > 0.5: high homogeneity (green); p-value 0.15-0.5:
intermediate homogeneity (pale-red); p-value < 0.15: low homogeneity (dark red)

Variation between morning and afternoon measurements
High homogeneity was found in 1 out of 9 measurements of EXTEM, in 9 out of 9 INTEM
parameters, and in 2 out of 3 APTEM parameters (Table S1; Figure S2). A moderate
homogeneity was shown in 5/9 EXTEM measurements, in FIBTEM MCF, in 1/3 APTEM
parameters, and 1/3 HEPTEM parameters. Poor homogeneity was found in 3/9 EXTEM
measurements, and 2/3 HEPTEM parameters.
Intra-individual variation measured four weeks apart
High homogeneity was found in 2 out of 9 measurements of EXTEM, in 3 out of 9 INTEM
parameters, in FIBTEM MCF, and in 1 out of 3 HEPTEM parameters (Table S1; Figure S2).
A moderate homogeneity was shown in 3/9 EXTEM measurements, 6/9 INTEM parameters, and 2/3 APTEM parameters, and 1/3 HEPTEM parameters. Poor homogeneity was
found in 4/9 EXTEM measurements, 1/3 APTEM parameters, and 1/3 HEPTEM parameters.
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Discussion
This systematic investigation reveals large differences in the results of some thromboelastometry parameters analyses and lack of homogeneity. Differences appear not only
between analysers, but also between the different channels of the same analyser, between morning and afternoon measurements and when four weeks apart measured.
Furthermore, there is an inconsistency within individual tests (INTEM, EXTEM, FIBTEM,
APTEM, HEPTEM). Homogeneity of measurements for MCF, ML, and LI30 were higher
than average.
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This is the first study exploring the consistency of thromboelastometry parameters
systematically in a joint assessment. We are aware of some preliminary studies addressing similar questions and showing results, which are partially contradictory and partially
in line with ours. For example, Chitlur and colleagues investigated the reproducibility
between different analysers in platelet rich plasma, pooled plasma samples and factor
VIII deficient samples, which were analysed with 11 ROTEM®’s in nine laboratories [26].
A coefficient of variation was calculated to be as high as 39-51% for CFT measurements,
13-14% for CT, 15-16% for MCF and 3-16% for α. UK NEQAS (United Kingdom National
External Quality Assessment Service) undertook four surveys in which lyophilized plasma samples were sent to 10 centres [23]. A coefficient of variation was calculated as 729% in case of MCF and 8-29% in case of CT. In a study by Dick et al. lyophilised plasma
samples were sent to 51 centres and a coefficient of variation was calculated as 10-16%
for CT, 7% for A20 and 2 – 5% for α [4]. Theusinger et al compared measurements of
two analysers in 10 volunteers using analysis of variance (ANOVA). A statistically significant difference was found in some parameters (MCF [INTEM, FIBTEM], CT, CFT and α
[INTEM]), but not in others [29]. In another investigation “repeatability” was observed
by measuring thrombelastometry serially in 7 citrated whole blood samples of two
volunteers one after another [27]. Results were rated as “poor” (with the exception of
MCF and α). In contrast, Sørensen reported a coefficient of variation (CV) of 3% regarding MCF, 5-13% (CT) and 7-17% (CFT) [28]. However, information on material and type
of determination is lacking. Another study observed reproducibility by “duplicate measurements” of 10 samples on different channels. CV was calculated as < 6% in most parameters and < 15% in CT parameters [29]. Lang et al. observed intra-assay variability by
repeating 7 citrated whole blood samples 4 to 15 times on the same device and found a
CV between 2 and 13% [30]. Another investigation focussed on monitoring of rFVIIa in
haemophilia patients revealed large intra-and inter-patient variation and concluded that
the method is unsuitable in this situation [33]. In summary, the results in the mentioned
investigations are variable and key questions on reproducibility remained unanswered.
The strength of our study is that we used a design that takes several distinct features of
the thromboelastometry analysis into account: the vulnerable characteristics of whole
blood samples (including thrombocytes, coagulation factors and inhibitors), the multichannel composition of analysers and the long duration time of measurements. In contrast to previous investigations, we used a systematic approach to avoid possible confounding variables. In addition, we used citrated whole blood samples and not a surrogate material such as plasma samples. A limitation of our study is that it included only
healthy volunteers rather than a mixed population of healthy and ill subjects.
Our results provide essential prerequisites for studies on validity of thromboelastometry analysis. Discrimination can be made between parameters and situations, in
which thromboelastometry analysis is reproducible and others, in which it is not. This is
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an important finding for physicians using the ROTEM® in clinical practice and scientists
designing clinical studies alike. Our results may help them to concentrate on the right
parameters among the huge number of parameters each measurement yields. This may
bring the discussion about clinical value of thromboelastometry analysis forward. Although the various parameters and tests of thromboelastometry analysis represent
different aspects of clot formation, every parameter must prove its technical performance (including reproducibility), diagnostic performance, diagnostic impact, organisational impact, and cost effectiveness to qualify for clinical decision making [24]. Clinical
studies would be much more informative if they would concentrate on a few, clearly
characterised parameters. If confirmed in patient samples as well, MCF and ML are
promising parameters to focus on.
In conclusion, systematic investigation reveals large differences in the results of
some thromboelastometry parameters and lack of consistency. Clinicians and scientists
should be aware of these inconsistencies, look at ROTEM® results mindfully and perhaps focus on parameters with a higher homogeneity such as MCF.
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Abstract
Introduction: To what extent haematocrit levels (Hct) and platelet counts (PLT)
influence the measurement of parameters of thromboelastometry when assessed with
the ROTEM® device is unclear. We investigated to what extent thromboelastometry
measurements depend on Hct and PLT.
Materials and Methods: Whole blood samples were taken for in-vitro preparations
of mixtures with three different levels of PLT and a varying Hct. Maximum clot firmness
(MCF), clotting time (CT), clot formation time (CFT) and alpha angle (α) for INTEM, EXTEM, FIBTEM and APTEM was recorded.
Results: Measurements depended substantially on Hct and PLT. MCF readings were
systematically lower with increasing Hct (0.2 vs. 0.4:-7.8 (-8.3 to-7.2); p<0.001, 0.2 vs.
0.55:-14.5 (-17.3 to-14.3); p<0.001) but higher with increasing PLT (50 vs. 125x109/l: 8.2
(4.2 to 12.3); p=0.005, 50 vs. 250x109/l: 12.0 (7.2 to 16.8); p=0.002). CT readings were
systematically higher with increasing Hct (0.2 vs. 0.4: 9.2 (6.2 to 12.1); p=0.001, 0.2 vs.
0.55: 38.2 (21.5 to 54.9); p=0.003) while increasing PLT had no influence. CFT readings
were also systematically higher with increasing Hct (0.2 vs. 0.4: 83.8 (40.2 to 127.6);
p=0.006, 0.2 vs. 0.55: 226.2 (110.7 to 341.7); p=0.006) but systematically lower with
increasing PLT (50 vs. 125x109/l:-144.0 (-272.3 to-15.6); p=0.036, 50 vs. 250x109/l:189.2 (-330.4 to-48.0); p=0.02); readings of the alpha angle showed a similar pattern.
Conclusions: Our results suggest that readings of thromboelastometry parameters
need to be adjusted by Hct and PLT to avoid potential confounding and missinterpretations in clinical practice.
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Introduction
Thromboelastometry analysis (ROTEM®) is a point-of-care viscoelastic test comparable
to thromboelastography (TEG®), which is widely used in acute clinical care settings.
Operators are attracted by the ease of use and the fast production of graphs that are
easy to grasp, displaying the results [1,2]. Due to its claim to provide global information
on all parts of haemostasis including platelet function, coagulation cascade, crosslinking of fibrin and fibrinolysis, it is seen as an innovation in the setting of acute bleeding [3,4] and several other clinical situations [5-10]. However, while thromboelastometry has been thoroughly evaluated in perioperative and trauma settings for the detection of coagulopathies, to guide substitution therapy and to reduce unnecessary transfusions, key factors influencing the measurement of thromboelastometry parameters
are still incompletely understood [3,11-14].
For example, the impact of important factors of influence, such as haematocrit
level (Hct) and platelet count (PLT), on thromboelastometry parameters as assessed
with the ROTEM® device have not been studied in detail. Investigations in different
clinical and experimental settings found associations between Hct and PLT with some
thromboelastometry parameters [11,15-22]. Other investigations indicate that changing
Hct affects thromboelastometry parameters when used as trigger for fibrinogen supplementation [15]. However, due to design and the clinical context of the studies, confounding variables such as dilution phenomena have possibly affected the results. Nevertheless, the type and the extent of changes on particular thromboelastometry parameters due to isolated, specific changes of Hct and PLT (alone and in combination) are
uncertain. The problem of Hct and PLT as possible confounders is particularly important
in the context of massive bleeding, where rapid changes of Hct and PLT are common
[23,24]. Therefore, changes of Hct and PLT may have contributed to the uncertainty of
the clinical value, which has been questioned by some authors and two systematic reviews [23,25-28]. Sound evidence on factors of influence of a laboratory test are essential pre-requisite for clinical studies and may facilitate large studies, which are valid and
are able to answer questions on clinical value [29]. Therefore, the aim of the present invitro evaluation study was to investigate the impact of changes in Hct and PLT on a
broad spectrum of thromboelastometry parameters systematically in a strictly experimental design excluding additional confounding variables such as dilution phenomena
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Materials and methods
Study design
Citrated whole blood samples were taken from five healthy volunteers for in-vitro preparations (45 measurements). Individuals did not have any known disease, were taking
no medication with an effect on haemostatic parameters and had no history of bleeding
or thromboembolic events. As an inclusion criterion, baseline measurements of haematocrit, PLT, white blood count, routine haemostatic parameters including fibrinogen
level and thromboelastometry parameters were within reference range. The study was
approved by the local ethical review board (Kantonale Ethikkommission Luzern) and all
participants provided written informed consent.
Sampling
Blood withdrawal was done from cubital vein under standardised conditions. A 21gauge butterfly cannula and plastic syringes (Monovette®, Sarstedt, Nümbrecht, Germany) containing 1 ml trisodium citrate (0.106 mol/l) for 9 ml of blood were used.
Citrated sample for thromboelastometry was collected after EDTA sample (for determining platelet count) to avoid tissue factor contamination. Tourniquet application was
limited to a maximum of one minute and removed before blood withdrawal to avoid
platelet activation. Samples were processed immediately by hand to preparation. Samples for baseline measurements were collected in advance.
In-vitro preparations
For each blood withdrawal, platelet rich plasma (PRP), platelet poor plasma (PPP) and
mixtures with three different levels of PLT (50, 125 or 250x109/l respectively) and a
varying haematocrit (0.2, 0.4 and 0.55) were prepared. Preparations were done in analogy to current standards of light transmission aggregometry [30]. PRP was made by
centrifugation at 150 x g for 15 minutes, PPP by centrifugation at 1500 x g for 15
minutes. Blood samples with an intended PLT of 50x109/l were centrifuged at 150 x g
for 15 minutes, plasma fraction removed and PPP added to the anticipated Hct. Samples with an intended PLT of 125 or 250x109/l were centrifuged at 1500 x g for 15
minutes, plasma fraction removed and PPP and/or PRP added to the anticipated haematocrit and PLT level. Proportions of PPP and/or PRP necessary were determined in a
pilot study. Samples were resuspended by gentle agitation. If Hct and/or PLT deviated
substantially from intended levels, a limited number of correction measures (ad maximum 3 times) by means of adding PPP or PRP respectively were allowed. Fibrinogen
level (as measured by Clauss method) was held constant, as no dilution of the plasma
has been done. Each sample was handled identically to limit potential influences such as
platelet activation. Preparation was done in the original syringe (only PRP and PPP was
transferred into separate tubes), temperature was held stable at 20-24°C, no brake
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were used during centrifugation and manipulations were limited to a minimal amount.
Samples have been continually agitated and processed immediately to centrifugation,
preparation and analysis.
Analysis
PLT, Hct and white blood count were determined using XE 5000 (Sysmex AG, Horgen,
Switzerland). Thromboelastometry was conducted using three ROTEM® analysers
(ROTEM® delta; Pentapharm GmbH, Munich, Germany). Preparation of blood samples
and thromboelastometry procedures were performed according to the manufacturer’s
instructions by following an automated electronic pipette program. We analysed the
following parameters in INTEM, EXTEM and APTEM test: clotting time (CT, s), clot formation time (CFT, s), maximum clot firmness (MCF, mm) and the alpha angle (α). In
FIBTEM test we analysed maximum clot firmness (MCF, mm). Details of the ROTEM®
analysis, parameters and activating agents have been described in detail elsewhere
[11,31]. Time between in-vitro preparations and analysis of the samples was strictly
held at 10-15 minutes.
Statistical analysis
For each of the four parameters CT, CFT, MCF and alpha angle we fitted a mixed linear
model entering PLT and Hct using two indicator variates. For the CT, CFT and alpha
angle model we entered two indicator variates for the INTEM, EXTEM, and APTEM test.
For the MCF assessment we also entered the FIBTEM test using a third indicator variate.
For all analyses, the subject variable was entered as a random factor to take into account that the same blood sample was used for various measurements. All analyses
were performed using the Stata 11.1 statistics software package (StataCorp LP, College
Station, TX, USA).

Results
Hct and PLT realised with the different samples are displayed in Table 1. Thromboelastometry values depended substantially on Hct and PLT; the distribution of the measurements with regard to the individual tests (INTEM, EXTEM, FIBTEM, APTEM) are displayed in Table 2 to Table 5.
MCF readings were systematically lower with increasing Hct (0.2 vs. 0.4: -7.8 (-8.3
to -7.2); p<0.001, 0.2 vs. 0.55: -14.5 (-17.3 to-14.3); p<0.001) but systematically higher
with increasing PLT (50 vs. 125x109/l: 8.2 (4.2 to 12.3); p=0.005, 50 vs. 250x109/l: 12.0
(7.2 to 16.8); p=0.002).
CT readings were systematically higher with increasing Hct (0.2 vs. 0.4: 9.2 (6.2 to
12.1); p=0.001, 0.2 vs. 0.55: 38.2 (21.5 to 54.9); p=0.003) while increasing PLT had no
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influence (50 vs. 125x109/l: -4.7 (-18.4 to 8.9); p=0.392, 50 vs. 250x109/l:-4.2 (-18.3 to
9.9); p<0.001).
CFT readings were also systematically higher with increasing Hct (0.2 vs. 0.4: 83.8
(40.2 to 127.6); p=0.006, 0.2 vs. 0.55: 226.2 (110.7 to 341.7); p=0.006) but systematically lower with increasing PLT (50 vs. 125x109/l:-144.0 (-272.3 to-15.6); p=0.036, 50 vs.
250x109/l:-189.2 (-330.4 to-48.0); p=0.02).
Readings of the alpha angle showed a similar pattern as the MCF readings. (For Hct
increases: 0.2 vs. 0.4: -13.3 (-17.9 to-8.7); p=0.001, 0.2 vs. 0.55: -26.0 (-32.5 to-19.5);
p<0.001. For increasing PLT: (50 vs. 125x109/l: 7.1 (1.0 to 13.2); p=0.032, 50 vs.
250x109/l: 10.8 (4.4 to 17.2); p=0.009).
Table 1: Haematocrit and platelet count realised in the sample series with regard to the intended levels
Parameter

Intended level

Level realised median (range)

Haematocrit

0.2

0.20 (0.17-0.22)*

0.4

0.39 (0.36-0.41)*

Platelet count (x109/l)

0.55

0.53 (0.50-0.57)*

50

58 (34-81)*

125

150 (95-186)*

250

242 (201-282)*

* n=15

Table 2: Effects of increasing haematocrit level on MCF at different platelet counts* and effects of increasing
platelet count on MCF at different haematocrit levels#
Test

Haematocrit level

MCF
mm; median (range)
50 G platelets/l

INTEM

EXTEM

FIBTEM

APTEM

125 G platelets/l

0.2

46 (42–49)

59 (55–61)

65 (62–68)

0.4

43 (35–46)

51 (51–54)

56 (54–59)

0.55

31 (29–40)

45 (42–51)

50 (44–56)

0.2

45 (44–52)

61(59–62)

65 (61–66)

0.4

39 (32–49)

49 (46–54)

54 (53–57)

0.55

34 (29–39)

40 (36-49)

45 (41–51)

0.2

16 (14–22)

18 (12–21)

18 (17–19)

0.4

10 (8–15)

11 (10–12)

11 (11–12)

0.55

7 (5-9)

9 (7-11)

9 (8–11)

0.2

44 (40–52)

59 (55–62)

65 (59–65)

0.4

38 (31–48)

45 (45–51)

53 (47–60)

0.55

33 (24–34)

38 (33-43)

44 (34–53)

* displayed in columns of the particular tests; # displayed in rows of the particular tests

46

250 G platelets/l

Table 3: Effects of increasing haematocrit level on CT at different platelet counts* and effects of increasing
platelet count on CT at different haematocrit levels#
Test

Haematocrit level

50 G platelets/l

125 G platelets/l

250 G platelets/l

INTEM

0.2

169 (153–178)

163 (132–179)

162 (139–183)

0.4

170 (151–188)

169 (134–187)

165 (148–179)

0.55

203 (171–266)

195 (184–236)

198 (175–239)

0.2

45 (41–49)

36 (35–43)

46 (36–51)

0.4

52 (41–106)

57 (47–65)

56 (39–76)

0.55

69 (46–86)

86 (43–130)

68 (55–115)

EXTEM

APTEM

CT
s; median (range)

0.2

48 (38–52)

39 (37–48)

43 (40–53)

0.4

54 (41–60)

47 (26–64)

50 (33–62)

0.55

75 (50–170)

68 (51–130)

78 (55–129)

* displayed in columns of the particular tests; # displayed in rows of the particular tests

Table 4: Effects of increasing haematocrit level on CFT at different platelet counts* and effects of increasing
platelet count on CT at different haematocrit levels#
Test

INTEM

EXTEM

APTEM

Haematocrit level

CFT
s; median (range)
50 G platelets/l

125 G platelets/l

250 G platelets/l

0.2

129 (99–166)

66 (54-72)

46 (40-54)

0.4

200 (128–335)

99 (87–123)

79 (72–110)

0.55

460 (201–647)

170 (117–223)

125 (93– 238)

0.2

158 (151–202)

85 (70-89)

77 (61-78)

0.4

255 (181–502)

161 (113–204)

130 (98–159)

0.55

452 (299–749)

240 (174–470)

199 (153– 271)

0.2

186 (135–244)

93 (83-110)

70 (69-94)

0.4

277 (194–488)

198 (135–231)

123 (98–245)

0.55

449 (363–1174)

352 (241–657)

208 (144– 344)

* displayed in columns of the particular tests; # displayed in rows of the particular tests
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Table 5: Effects of increasing haematocrit level on alpha angle (
increasing platelet count on CT at different haematocrit levels#
Test

Haematocrit level

INTEM

0.2

EXTEM

APTEM

*

at different platelet counts* and effects of

alpha angle ( )
degree; median (range)
50 G platelets/l

125 G platelets/l

250 G platelets/l

75 (74–78)

78 (77–80)

80 (79–82)

0.4

59 (50–73)

71 (66–75)

75 (70–76)

0.55

40 (31–57)

60 (52–67)

66 (53–71)

0.2

74 (69–76)

79 (75–81)

74 (74–79)

0.4

52 (31–67)

60 (53–68)

65 (61–73)

0.55

37 (26–61)

55 (32–58)

55 (46–61)

0.2

72 (67–79)

75 (71–78)

76 (74–76)

0.4

50 (47–67)

60 (50–73)

66 (48–81)

0.55

37 (32–65)

46 (27–55)

57 (46–65)

#

displayed in columns of the particular tests; displayed in rows of the particular tests

Discussion
Isolated changes of Hct and PLT have a substantial impact on a broad range of thromboelastometry parameters. Our results show that Hct and PLT are major, independent
factors of influence of thromboelastometry parameters. Thus, this report complies with
the call for critical evaluations needed for laboratory tests used in clinical practice.
This study corroborates previous investigations, which found associations in different clinical and experimental settings. A prolongation of clotting times (CT, CFT, α) and
impairment of MCF (INTEM, EXTEM) was seen in an equine animal model of transient
polycythaemia (n=6) [20]. In another animal study of 127 healthy dogs moderate correlations were found between some thromboelastometry parameters and PLT (rank correlation coefficient rs: 0.16 – 0.55) as well as Hct (rs: 0.17 – 0.60) [16]. In a study of 90
trauma patients a moderate correlation was found between some thromboelastometry
parameters and PLT (CFT-EXTEM: r=0.33; A15-EXTEM: r=0.56; CFT-INTEM: r=0.32; CFTINTEM: r=0.57) [11]. In another case-control study, thromboelastometry profiles of 40
patients with sideropenic anaemia were compared with healthy volunteers and a statistically significant impairment of MCF (INTEM, EXTEM, FIBTEM) was found [22]. In the
same study, authors did also in-vitro manipulations by adding PPP to whole blood samples with comparable results to the case-control study. Another in-vitro investigation on
plasma (PPP or PRP respectively) of healthy volunteers found an increase of MCF in
EXTEM and FIBTEM with escalating PLT [19]. Correlations between PLT and MCF or A10
respectively were also found in investigations of patients undergoing orthotopic liver
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transplantation [17,21]. A reduction of CFT (INTEM) and increase of MCF (INTEM) was
seen in another investigation of 10 thrombocytopenic haematological patients after
platelet transfusion [18]. Other investigations pointed out that changing Hct affects
thromboelastometry parameters when used as trigger for fibrinogen supplementation
[15]. Associations between thromboelastography parameters (when assessed with the
TEG® device) and changes in Hct [32] or PLT [33,34] were similar.
What is the strength of our investigation? In contrast to previous investigations, we
studied blood samples of healthy volunteers applying a strictly scientific protocol, which
allowed an unbiased and rigorous examination of effects of Hct and PLT on a broad
range of thromboelastometry parameters. Most previous studies were done in animals,
in particular clinical situations or used non-physiological blood mixtures – in settings
that are susceptible to confounding. Our in-vitro setting allowed examining, the isolated
effect of Hct and PLT on thromboelastometry parameters in a valid fashion excluding
the possibility that dilution phenomena and other circumstances influenced the results.
The consistency of effects across all assessed thromboelastometry parameters is another strong point of this paper.
What are the limitations of the study? Arguably, the varying amounts of fibrinogen
may have influenced the results. However, no dilution of the plasma was done and the
fibrinogen concentrations in a random sample of 5 aliquots (representing 45 measurements) were equal when using the Clauss method. Moreover, our blood samples were
from healthy volunteers making it very unlikely that preparations produced critical fibrinogen levels.
Our results emphasise, that Hct and PLT may act as relevant confounding variables
when thromboelastometry is used in clinical practice and scientific investigations. Two
systematic reviews and several papers raised concerns about the clinical value of
thromboelastometry analysis in the setting of acute bleeding [25-28]. Other investigations indicate that changing Hct levels affect thromboelastometry when used as a trigger for fibrinogen substitution [15]. Furthermore, changes of Hct and PLT in the range
investigated are not necessarily associated with a change in bleeding tendency. In contrast to the ‘hypocoagulable pattern’ we have found, there are various investigations
indicating the prothrombotic potential of red blood cells [35]. Finally, whether or not
the effects shown in this paper actually have an impact on clinical bleeding tendency
needs to be addressed in properly designed clinical trials. We believe, until further investigations are available, alterations of thromboelastometry parameters due to changes of Hct and PLT should be interpreted primarily as a consequence of the laboratory
method used. Sound evidence about parameters influencing a laboratory test is an
essential pre-requisite for large clinical studies and must be considered while designing
them [29]. Bearing in mind that the effects on thromboelastometry parameters were
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similar to those observed in clinical studies [23,36-39] we think that future investigations should take Hct and PLT as possible confounding variables into account.
What are the implications for clinical practice? We believe that thromboelastometry analysis (using the ROTEM® device) has a role to play in the management of patients
at risk for massive bleeding, particularly regarding the identification of coagulopathy
due to hyperfibrinolysis and critically low fibrinogen levels. Up to know, however, solid
evidence identifying the areas of optimal use remains sparse. In our view, thromboelastometry analysis should be limited to screening situations, while therapy control should
be discouraged until new evidence regarding the problems identified in this paper becomes available. Furthermore, we think that changes of thromboelastometry parameters need to be interpreted with caution and ideally in the context of changing Hct and
PLT.
In conclusion, our results suggest that readings of thromboelastometry parameters
need to be adjusted by Hct and PLT to avoid potential confounding and missinterpretations in clinical practice and future investigations.
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APPENDIX
Thromboelastometry changes in myeloproliferative neoplasms: surrogate for a
procoagulant haemostatic imbalance or a consequence of technical reasons?
Comment on: A. Tripodi et. al Ann Hematol (2013) 92:1633-1639
Michael Nagler, Hugo ten Cate
Annals of Hematology 2014, 93(10): 1781-2

Dear Editor,
With great interest, we read the article by Tripodi et al [1] investigating the changes of
global hemostatic parameters in patients with myeloproliferative neoplasms (MPN). The
authors aimed to study whether global tests would be able to detect a “procoagulant
imbalance” that correlates with an increased risk for thromboembolism in patients with
MPN, and to propose a measure for risk assessment and follow-up in clinical trials. This
issue is in-line with efforts to establish global measures of bleeding and thrombotic risks
in a variety of clinical situations [2,3]. However, the most important questions to give an
answer on this issue are: (1) Do the changes represent the thrombotic risk or are they a
consequence of confounding variables? (2) Is the degree of changes relevant? We feel
that these issues require critical appraisal.
The authors compared thromboelastometry measurements in patients with essential thrombocythemia (ET), primary myelofibrosis (IMF), and polycythemia vera (PV)
with healthy controls. The median platelet count (PLT) in ET and IMF patients was much
higher than in PV patients and healthy controls ([1], Table 1). The influence of PLT on
thromboelastometry parameters is well established [4] and our group was able to show
that PLT is a major factor of influence, independent from other factors that may affect
coagulation (Figure 1) [5]. Thus, it seems likely that observed changes are the result of a
varying PLT and not an “intrinsic procoagulant imbalance”. This is promoted by the fact
that no differences have been found in PV patients ([1], Figure 3).
Another issue is that the investigation is based on the assumption, that patients
with MPN have a “procoagulant imbalance” in general. Most patients were on antiplatelet therapy, phlebotomy and cytoreductive therapy, which are effective measures
to reduce the thromboembolic risk in MPN patients [6]. We are convinced that a study
aiming to propose a measure for risk assessment and follow-up must be done using
clinical outcomes such as thromboembolic events or at least established risk factors of
thromboembolic events in MPN patients [7].
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The authors report on two out of nine parameters of INTEM test. A median MCF of 68
mm in ET and IMF (range 56 – 76 and 57 – 78 respectively) was reported versus 61 mm
in healthy controls (range 51 – 68 mm). CFT was 47 sec (30 – 91) in ET, 53 sec (34 – 104)
in IMF and 71 sec in controls (range 47 – 121). The differences were stated to be statistically significant (p<0.05), but it was not reported if the analysis was corrected for multiple testing (nine parameters of INTEM test). Furthermore, given the large variability
and recognized problems in reproducibility [8-10], it has to be discussed which degree
of changes are considered as relevant to promote its use in clinical practice and scientific inquiry.
Development of global measures of bleeding and thrombotic risks is an important
issue in thrombosis and hemostasis research. However, all validity aspects have to be
mentioned to be of value in scientific inquiry and clinical practice.

Figure 1: Changes of thromboelastometry parameters with increasing platelet count. Results of an in-vitro
investigation studying the impact of hematocrit level (Ht) and platelet count on thromboelastometry parameters [5] are shown (maximum clot firmness [MCF] of the INTEM test with varying platelet counts at different
Ht; unpublished figure). Box plots display median, inter-quartile range, and range.
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CHAPTER 5

Accuracy of the point-of-care coagulometer
CoaguChek XS in the hands of patients
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Wuillemin
Journal of Thrombosis and Haemostasis 2013, 11(1): 197-9

57

Dear Editor,
In a recent systematic review published in the Journal, Christensen et al. found no highquality papers assessing the diagnostic value of point of care testing (POCT) coagulometers when used by patients, and they concluded that the question of accuracy remains
open in this setting [1]. Stimulated by this excellent report, we present the results of an
investigator-initiated, non-sponsored diagnostic study investigating the concordance of
INR values determined by patients using the POCT coagulometer CoaguChek XS® (Roche
Diagnostics, Basel, Switzerland) and determined by certified laboratories using an established reference method.
In this paper we defined precision as the extent of reproducibility of a test result
(influenced by analytical precision, biological variation and pre-analytical factors) and
accuracy as the extent of agreement between an index test and a reference test (analytical accuracy) or the true illness state (diagnostic accuracy) [1-4]. To assess whether
diagnostic accuracy was sufficient, we applied the trade-offs proposed earlier [1,5].
We analysed data of all patients who had received training and were performing
patient self-management (PSM) within the “Coagulationcare” initiative in Switzerland
between 2006 and 2009 (about 90% of PSM patients in Switzerland) [6,7]. At the checkup visit one to three months after the PSM training, patients tested their INR value
themselves. Second, venous blood samples were taken within one hour and the prothrombin time was determined in the laboratory of each training centre (the tertiary
care hospitals of Lucerne, Berne, Basel and Zurich), using a one-stage clotting assay
employing the reagent Innovin® (Siemens Healthcare Diagnostics AG, Zurich, Switzerland; ISI 0.96—0.99) on STA-R® coagulation analyser (Roche diagnostics AG, Rotkreuz,
Switzerland), BCS® or BCS-XP® coagulation analyser (Siemens Healthcare Diagnostics AG,
Zurich, Switzerland). Calibration to ISI standards was done with each batch of the Innovin® reagent using the InnoCal Set (Siemens Healthcare Diagnostics AG, Zurich, Switzerland). Standard measures of agreement were used to examine the extent of concordance [1,5,8]. Statistical analysis was performed with the MedCalc software (Version
12.2.1.0, Mariakerke, Belgium).
INR data on 534 out of 657 patients trained were available; 21 (3.2%) had not yet
started PSM, and 102 (15.5%) did the check-up visit with the family physician. Median
age was 54.1 years (range 16.2 – 85.1), and 169 were women (31.6%). Indications for
oral anticoagulation (OAC; almost exclusively phenprocoumon) were: venous thromboembolism (n=219; 41.1%), prosthetic heart valve/aortic graft (n=154; 28.9%), atrial
fibrillation (n=112; 21.0%), arterial thromboembolism (n=21; 3.9%) and others (n=28;
5.2%). All applied measures revealed a good level of agreement with regard to mean
difference, limits of agreement, magnitude of difference, and concordance (Figure 1).
Based on high-quality criteria established before [1,5] – a large number of measure-

59

ments, controlled laboratory as comparator, use of reputable accuracy criteria, not
industry-sponsored – our investigation shows that the accuracy of CoaguChek XS is
adequate for clinical use if used by patients to determine their INR value by themselves.
This report closes a relevant gap in evidence that has been identified in a recent
review published in the Journal [1]. Our results are in line with previous investigations
that found a good to acceptable, but somewhat inconsistent accuracy of CoaguChek XS
[1,9-15] in the hands of medical staff. In conclusion, the CoaguChek XS is a reliable instrument in POCT and of value in patient self-management of oral anticoagulation.

®

Figure 1. Accuracy of the POCT coagulometer CoaguChek XS if used by patients to determine their INR values
by themselves. (A) Accuracy criteria and corresponding results. Criteria for concordance (narrow) are fulfilled
if both measurements are within the target range, or if both are above the range and the difference is maximal 0.8 units, or if both are below the range and the difference is maximal 0.4 units, or if one measurement is
within the range and the difference is maximal 0.5 units (*). Criteria for concordance (expanded) are fulfilled if
both measurements are within the target range, or if both are below the target range, or if both are above
the target range, or if one measurement is within the target range and the difference is maximal 0,5 units (+).
(B) Scatter diagram with Passing & Bablok regression line (solid line) and identity line (dotted line). (C) BlandAltman difference plot. Horizontal lines are drawn at the mean differences and the limits of agreement (± 1.96
standard deviation).
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Abstract
Background: Suspicion of heparin-induced thrombocytopenia (HIT) necessitates an
immediate diagnostic workup to prevent severe complications. Diagnostic strategy
includes clinical assessment and 4Ts score is the most common score. The interobserver
reproducibility of the 4Ts score in real-life clinical practice is unknown.
Objectives: To prospectively investigate the interobserver reliability of the 4Ts score
in a real-life setting.
Methods: In 40 consecutive patients with suspected HIT the 4Ts score was rated
independently by the attending physician, a haematologist and the principle investigator. Raw agreement was used to estimate the agreement regarding the three risk categories and overall as well as for individual items of the 4Ts score. A generalised estimating equation was used to analyse a systematic shift between professions.
Results: Agreement observed for category low risk was 48% (95% CI: 25-68%), for
intermediate risk 65% (95% CI: 52-79%) and for high risk 47% (95% CI: 22-68%). Overall
an agreement of 58% (95% CI: 45-69%) was found. Regarding the individual items
agreement was 78% (95% CI: 68-89%) for T1 (magnitude of thrombocytopenia), 55%
(95% CI: 43-66%) for T2 (timing of thrombocytopenia), 89% (95% CI: 81-96%) for T3
(presence of thrombosis) and 62% (95% CI: 50-73%) for T4 (existence of other causes
for thrombocytopenia). The average ratings of the attending physicians, haematologists
and the principle investigator were 4.46, 4.65 and 4.15 respectively and differed significantly (p=0.026).
Conclusions: Our investigation indicates that interobserver reliability of the 4Ts
score is limited in a real-life setting. Determination of the items of the 4Ts score should
be further specified.
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Background
Suspected heparin-induced thrombocytopenia (HIT) needs an immediate diagnostic
workup to prevent severe complications [1]. HIT is regarded as a clinicopathologic syndrome, and clinical characteristics as well as laboratory findings have to be considered
for the diagnosis [1,2]. Platelet factor 4 (PF4) complexed to heparin form the antigen for
the development of IgG antibodies, which can be recognized in up to 50% of the patients treated with heparin [3-5]. In some patients circulating immune complexes boost
platelet activation and generation of thrombin leading to extensive venous and arterial
thrombosis, thrombocytopenia, skin reactions, limb loss and death [6]. Not only a delay
in diagnosis, but overtreatment sets patients at risk because therapy with alternative
anticoagulants is associated with a high rate of bleeding complications, severe anaphylactic complications and a worse manageability than heparins [7-10].
The diagnostic strategy must comprise a clinical pre-test scoring system to increase
the low specificity of high sensitive antibody tests and the 4T’s score is probably the
score most often used in this context [1]. Recent studies questioned the inter-observer
reliability of the 4T’s score [11,12]. However, determination of 4T’s scores in previous
studies does not reflect real-life clinical practice. In these studies the score had been
usually calculated retrospectively, by laboratory staff receiving specimens for antibody
testing, by pharmacists, by specially trained physicians or by investigators familiar with
HIT. Since no prospective evaluation in a real-life setting exists, the applicability of results of validation studies in clinical practice may be limited. To mention this issue, we
prospectively investigated the inter-observer reliability of the 4T’s score in patients with
suspected HIT in a real-life setting.

Methods
Patients and study design
This study was a prospective observational study. From June 2010 to March 2011, 40
consecutive patients evaluated for suspected HIT were included if they met the following criteria: expected in-patient period of more than 3 days and no evaluation for suspected HIT during the last month. Patient characteristics and clinical information regarding 4T’s score and evaluation of suspected HIT were collected prospectively by
chart review and discussion with the ward physician. The study protocol has been approved by the local ethical review board of our institution (Kantonale Ethikkommission
Luzern).
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Assessment of the 4Ts score
Three physicians rated the 4T’s score independently for every patient: (i) the attending
physician who asked for antibody testing (n = 36; a specialist registrar in intensive care
medicine, internal medicine or general surgery), (ii) the haematologist on duty (n = 6)
and (iii) the principal investigator (PI; M.N.). The clinical and laboratory data were obtained by chart review and by visiting the patient, whilst the score’s calculation was
blinded between observers. Determination of the score was done before antibody testing by attending physician and haematologist and usually on the same day by the PI.
Only data before the time of antibody testing were considered, results of antibody testing were not known. A structured, standardised questionnaire was developed taking
previous published details and specifications into account (see supplementary material
S1) [13,14]. This questionnaire was incorporated into the hospital’s local patient management. Before starting the study a training lecture was given to haematology staff
members. Attending physicians were supported in case of questions regarding particular items of the 4T’s score.
Laboratory diagnostics
HIT antibody testing was performed using the particle-gel immune assay ID-H/PF4PaGIA (DiaMed SA, Cressier sur Morat, Switzerland) [15,16]. Patient plasma was added
to the reaction chamber, incubated and centrifuged according to the manufacturers’
instructions. PaGIA was defined as positive if red polymers remained on top of the reaction chamber. In case of undetermined results, serial dilution was performed [17].
Platelet count was measured with XE 5000 (Sysmex AG, Horgen, Switzerland).
Data analysis
To quantify the inter-rater reliability between different observers of the 4T’s score we
used the raw agreement because it can easily be interpreted. The raw agreement describes the proportion of possible agreement realised. We calculated the raw agreement for the three individual risk categories low risk (4T’s score: 0-3 points), intermediate risk (4T’s score: 4-5 points), and high risk (4T’s score: 6-8 points) as well as for the
overall risk category rating. Additionally we calculated the raw agreement for the individual items of the 4T’s score (T1 = magnitude of thrombocytopenia, T2 = timing of
thrombocytopenia, T3 = presence of thrombosis, T4 = existence of other causes for
thrombocytopenia) and for the total 4T’s score. The 95% confidence intervals, CI, for
raw agreement were calculated by parametric bootstrapping. For comparison with
other publications, weighted Light’s kappa was calculated for the 4T’s score and its
items (T1-T4). In the second part of the study, a systematic shift between the three
observers, attending physician, haematologist and principle investigator, was analysed.
Therefore, a generalised estimating equation was fit, that takes the relationship of the
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three ratings per patient into account. All statistical analyses were performed and all
plots constructed using the statistical software R (version 2.11) [18].

Results
Patient characteristics, clinical probability and laboratory results
Patient characteristics and results of antibody testing of the 40 patients included in the
study are summarized in Table 1. In 20 percent of the patients a positive antibody testing (ID-H/PF4-PaGIA) was noticed. Clinical probability for presence of heparin-induced
thrombocytopenia was different if rated by attending physician, haematologist or principle investigator. Distribution of the patients regarding clinical probability rated by the
different physicians is given in Table 2.
Table 1: Characteristics of patients with suspected HIT (n=40).
Age (years)

63.4 (14-86)

Female gender (n)

23

Medical patient (n)

24

Surgical patient (n)

16

Intensive care unit (n)

21

UFH (n)

22

†

LMWH (n)

29

†

positive PF4-PaGIA (n)
*

*

8

†

Median (range). 20% of the patients received both, UFH and LMWH.

Table 2: Distribution of the patients regarding clinical probability rated by attending physician, haematologist
and principle investigator (n=40).
Attending
physician

Haematologist

Principle
Investigator

Low risk (%)

52.5

40

70

Intermediate risk (%)

42.5

52.5

22.5

High risk (%)

5

7.5

7.5

Agreement of the risk classification
The raw agreement of the different observers is shown in Figure 1. We observed a very
limited agreement for all three categories of the 4T’s score. A 48% agreement (95% CI:
25-68%) was observed for category low risk, a 65% (95% CI: 52-79%) agreement for
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category intermediate risk and a 47% (95% CI: 22-68%) agreement for category high
risk. Overall agreement was 58% (95% CI: 45-69%).
The agreement of the individual items of the 4T’s score is indicated in Figure 2.
Agreement for item T1 was 78% (95% CI: 68-89%), for item T2 55% (95% CI: 43-66%),
for item T3 89% (95% CI: 81-96%) and for item T4 62% (95% CI: 50-73%). Overall a raw
agreement of 34% (95% CI: 22-43%) was observed.
For comparison with other publications, weighted Light’s kappa was calculated as
for T1 0.733 (95% CI: 0.536-0.877), T2 0.451 (95% CI: 0.256-0.620), T3 0.705 (95% CI:
0.425-0.919), T4 0.234 (95% CI: 0.078-0.426), and for the overall score 0.614 (95% CI:
0.421-0.815).
Systematic shift between professions
The ratings of the different observers are summarised in Figure 3. The average ratings
were estimated as 4.46, 4.65, 4.15, for attending physicians, haematologists and the
principle investigator, respectively, and differed significantly (p=0.026).

Figure 1: Raw agreement of the classification of patients into low, intermediate and high risk.
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Figure 2: Raw agreement for the four items of the 4T’s score (T1-T4) and their levels.
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Figure 3: Histograms of the 4T’s score rated by principle investigator, haematologist and attending physician

Discussion
We observed a very limited agreement of the different observers for all three categories of the 4Ts score. Our data indicate, that the interobserver reliability of the 4Ts score
is limited in a real-life setting. Discrepancies arise particularly for T2 (timing of thrombocytopenia) and T4 (existence of other causes of thrombocytopenia). Furthermore, there
were small but significant differences when the 4Ts score was rated by an attending
physician, a hematologist, or the PI.
Although previous investigations have not primarily addressed reliability in real-life
situations, our observations are in line with them with the lower agreement between
different observers. In a recent investigation an intraclass correlation coefficient of r =
0.71 (95% CI 0.54 – 0.83) was found [11]. In another investigation discrepancies in up to
50% of the patients were described [12]. Even Lo and colleagues proposed problems of
inter-observer agreement as a possible reason for variable results in evaluation of 4T’s
score [13].
The main limitation of our study is, that no functional antibody testing has been
performed. Thus, we don’t know if there’s an observer group that rated more correct
than the other. However, the aim of our investigation was to show the differences and
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not which observer was more accurate. But, some of the observers are more experienced than the others and our investigation revealed that levels of insight influence
scoring of the 4T’s score. The strength of our investigation is that it was done in real-life
clinical practice. In previous publications determination of the 4T’s score was whether
done retrospectively, exclusively by chart review or by specialised staff different from
treating physicians [11-13]. Moreover, the authors of these publications themselves
stated this aspect as a limitation of their investigations.
A remarkable low agreement was observed regarding T2 (timing of thrombocytopenia; 55%; 95% CI 43-66%) and T4 (existence of other causes of thrombocytopenia;
62%; 95% CI 50-73%). This reflects our experience of daily clinical practice. Most discussions are about time of onset of thrombocytopenia and possible other causes. Discrepancies in these items were also noticed in an observational trial discussed above [12].
These results indicate, that there’s an urgent need for specifications of the 4Ts score.
A systematic difference of the scoring was seen between the observer groups. The
haematologists on duty scored systematically higher and the PI lower than the attending physicians. This phenomenon is perhaps reflection of the duty haematologist(s)
being alert not to miss the diagnosis of HIT, whilst the PI might systematically avoid
over-diagnosis of HIT, amongst other things to prevent unnecessary side effects of alternative anticoagulants. Due to the design of the study, there are no data, which enable correctness of observer judgements to be compared.
In conclusion, our study shows that inter-observer reliability of 4T’s score is limited
in a real-life setting. Discrepancies arise in particularly in case of T2 (timing of thrombocytopenia) and T4 (existence of other causes for thrombocytopenia). Furthermore,
there are small but significant differences if the 4T’s score was rated by an attending
physician, a haematologist or the PI, suggesting that even with a standardised approach
real-life differences in awareness of the complex aspects of HIT undermine the 4T’s
score’s reliability. This may limit application of results of validation studies of 4T’s score
to clinical practice. Determination of the items of the 4T’s score should be further specified as suggested by Warkentin and colleagues [14] to overcome this limitation. Furthermore, evaluation of inter-observer agreement in real-life settings is a prerequisite
for developing future clinical assessment tools.
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APPENDIX
Diagnostic value of the 4T’s score for heparin-induced thrombocytopenia in the
critically ill
Comment on: M. Crowther et. al. J Crit Care. 2014 Jun; 29(3):470.e7-470.e15
Michael Nagler, Anne Angelillo-Scherrer
Journal of Critical Care. 2014; 29(6): 1126-27

Dear Editor,
With great interest, we read the article by Crowther et al [1] and the corresponding
editorial by McMahon et al [2], both recently published in the Journal of Critical Care
and focusing on the diagnostic value of a clinical scoring system (the 4Ts score) [3] for
heparin-induced thrombocytopenia (HIT) in critically ill patients. We congratulate
Crowther and colleagues for their excellent work but we would like to raise awareness
for two issues that remained incompletely addressed in their report.
First, we would like to emphasize that the results of this study, with a low prevalence of HIT of less than one percent should not be thoughtlessly transferred to settings, where the 4Ts score is typically applied. Previous data suggest that the prevalence
of HIT in these settings is as high as fifteen percent [3,4]. The low prevalence of HIT
makes the 4Ts score to appear better than what can be realistically expected in clinical
practice. Obviously, ruling-out a condition that is very uncommon in a study sample is
not challenging. Unsurprisingly, the 4Ts score had a high negative predictive value in the
paper at hand (our Table 1).
To illustrate our point, we calculated the positive and negative likelihood ratios
using the data from the two-by-two table (our Table 2). Applying Bayes theorem, the
Figure 1 shows the pretest probability and corresponding posttest probabilities given a
positive or negative test result. For pretest probabilities between ten and twenty percent, the related posttest probabilities would range from eight to twenty-two percent,
when the test is negative. Conversely, posttest probabilities given a positive test result
would yield values between thirty and sixty percent. For positive and negative test results the remaining uncertainty appears to be unacceptably high to rule-in or rule-out
HIT.
Second, some methodological issues deserve being mentioned. Patients were
drawn from a randomized controlled trial that excluded several patients at risk for HIT
(“heparin administration of at least 3 days”; “need for therapeutic anticoagulation”).
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Moreover, the nested cohort excluded some patients at risk without applying prespecified reasons, missed at least four patients with a positive reference standard test
and excluded patients with venous thromboembolism. Furthermore, the inclusion criteria of the nested study cohort comprised already several items of the 4Ts score (decrease of platelet count (PLT) to less than 50 x 109/L; PLT decrease more than 50%;
development of VTE) and important information required to determine the 4Ts score
was censored (heparin treatment before the admission to the ICU). Moreover, the reference standard was not accurately specified and some patients did not undergo reference standard testing. For example, the serotonin release assay (SRA) was inconsistently applied and complete data on diagnostic tests were available for 432 out of 794 patients only. Finally, experts or specially trained investigators determined the 4Ts score
which leads to a higher reproducibility of 4Ts score results than what can be expected in
real-life clinical practice [5], [3,6].
In conclusion, we agree with the authors that well-planned, prospective investigations are still necessary. The data suggest that further studies should focus on the development and validation of new tests and diagnostic algorithms, combining not only
clinical information but also results of rapidly available laboratory assays.
Table 1: Accuracy criteria
Criterion

Measure

Sensitivity

45.5% (95% CI 16.8% to 76.7%)

Specificity

86.6% (95% CI 83.2% to 89.6%)

Positive predictive value

7.5% (95% CI 2.5% to 16.6%)

Negative predictive value

98.5% (95% CI 96.8 to 99.5%)

Table 2: Two-by-two contingency table
Diagnosis
4Ts score

HIT

No HIT

Total

Intermediate/high risk

5

62

67

Low risk

6

401

407

Total

11

463
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Figure 1: Diagnostic value of the 4Ts score for heparin-induced thrombocytopenia in ICU patients according to
the prevalence. Post-test probabilities are shown for negative (low risk) and positive test results (intermediate
and high risk).
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Abstract
Background: While the assessment of analytical precision within medical laboratories has received much attention in scientific enquiry, the degree of as well as the
sources causing variation between them remains incompletely understood. In this
study, we quantified the variance components when performing coagulation tests with
identical analytical platforms in different laboratories and computed intraclass correlations coefficients (ICC) for each coagulation test.
Methods: Data from eight laboratories measuring fibrinogen twice in twenty
healthy subjects with one out of 3 different platforms and single measurements of PT,
and coagulation factors II, V, VII, VIII, IX, X, XI and XIII were analysed. By platform, the
variance components of (i) the subjects, (ii) the laboratory and the technician and (iii)
the total variance were obtained for fibrinogen as well as (i) and (iii) for the remaining
factors using ANOVA.
Results: The variability for fibrinogen measurements within a laboratory ranged
from 0.02 to 0.04, the variability between laboratories ranged from 0.006 to 0.097. The
ICC for fibrinogen ranged from 0.37 to 0.66 and from 0.19 to 0.80 for PT between the
platforms. For the remaining factors the ICC’s ranged from 0.04 (F II) to 0.93 (F VIII).
Conclusions: Variance components that could be attributed to technicians or laboratory procedures were substantial, led to disappointingly low intraclass correlation
coefficients for several factors and were pronounced for some of the platforms. Our
findings call for sustained efforts to raise the level of standardization of structures and
procedures involved in the quantification of coagulation factors.
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Introduction
While the assessment of analytical precision within one medical laboratory has received
much attention in scientific enquiry, extent and sources of variability that occur between laboratories quantifying the same parameter remains incompletely understood.
In view of the fact that the clinical value of a laboratory test depends directly on its
reproducibility and comparability [1], the scientific community has made great efforts to
promote analytical precision within laboratories lately [2-4]. For example, external quality assessment programs (EQA) were introduced to improve comparability between
laboratories and are seen as an essential part of quality management systems today [35]. Nevertheless, data on variability between laboratories remain limited and analysis of
variance components are scarce. Available investigations indicate a large variability,
even in the context of coagulation parameter measurements [5-8] thus jeopardizing the
comparability of results between different institutions.
On the other hand, knowledge is also scarce for causal sources of variability between laboratories. Possible influences may be the type of the parameter, reagents and
calibrators used, the level of standardisation within each laboratory and the adherence
to guidelines [9]. If investigations could identify factors that contribute to the variability
between laboratories, efforts could be made to improve comparability efficiently. In this
study, using the example of haemostasis, we quantified the variance components when
performing coagulation tests with identical analytical platforms in different laboratories
and computed intraclass correlations coefficients (ICC) for each coagulation test. Thus,
we aimed to quantify the extend of variation between state-of-the-art laboratories in
relation to the variation of the subjects and to determine the sources of this variation.

Materials and Methods
Study design and population
This investigation was a secondary analysis based on a previous study of the Swiss
RIVAMOS study group [10]. In this multicentre, prospective evaluation study blood
samples of 20 eligible and consenting healthy male volunteers were included. The study
was approved by the local ethical review board of our institution (Kantonale Ethikkommission Luzern).
Variance components of coagulation tests between laboratories
Variability of coagulation tests between laboratories is influenced by biological and
analytical variability. The two main components of biological variability are intra-and
inter-individual variability [11]. Analytical variability between laboratories is influenced
(a) by the variability within laboratories, (b) by the platforms used, (c) the assay designs
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used and (d) variance components that could be attributable to technicians and laboratory procedures (including the choice of reagents and calibrators). The type of coagulation factor measured may also influence the variability. To investigate the variability
between laboratories, we included the inter-individual variability, the variability within
laboratories, the variability between laboratories and the remaining variability (variance
components, that could be attributable to technicians and laboratory procedures) in
our statistic model as described below. The remaining factors are considered as stable
due to several reasons. The intra-individual variability is regarded as low in coagulation
tests and the interval between the two measurements is very short (2-3 hours) [11].
Influence of the platform was addressed as calculations have been done by every platform. The assay designs were identical by platform. Preanalytic factors were considered
by applying a strict protocol and using the same technician for serial measurements.
Storage and transport of the samples were identical for all laboratories. To avoid influences of different batches of reagents, all determinations were done in one batch in
every laboratory.
Blood withdrawal and handling of the samples
Citrated plasma samples were taken two times in an interval of 2 to 3 hours at the senior author’s institution. Blood withdrawal was done under standardised conditions to
preclude preanalytic influences. Plastic syringes (Monovette®, Sarstedt, Nümbrecht,
Germany) containing 1 ml trisodium citrate (0.106 mol/l) for 9 ml of blood were used.
Citrated samples were collected after EDTA samples to avoid tissue factor contamination of citrated samples. Plasma samples were snap-frozen at – 20°C and shipped under
standardised conditions using a commercial courier service with a delivery time of 2-4
hours.
Laboratories and analysis
All nine haemostasiological laboratories of tertiary hospitals in Switzerland participated
in this investigation (In alphabetical order; Cantonal Hospital Aarau, University Hospital
of Basel, Inselspital University Hospital of Berne, University Hospital of Geneva, University Hospital of Lausanne, Regional Hospital of Locarno, Cantonal Hospital of Lucerne,
Cantonal Hospital of St. Gallen, University Hospital of Zurich). One laboratory was excluded from analysis of between-laboratory variability because of a unique platform.
The remaining eight laboratories used one out of three platforms. Details of coagulometers, assays and reagents used are given in Table 1. For determination of variability
between laboratories, local protocols were used for testing samples. All laboratories
used strict internal and external quality assessment measures, conducted formal test
evaluation and are accredited to the Swiss Accreditation Service (SAS). Coagulation tests
have been done in accordance with international guidelines [12].
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Table 1. Participating laboratories with coagulometers, assays and reagents used
Laboratory

†

A

¶

Platform

§

Extrinsic coagulation
‡
factors

Intrinsic coagulation factors

Fibrinogen

Assay

Assay

Reagents

Assay

Reagents

Assay

Reagents

Clotting test
(photometric)

Hemosil®
APPT SP

Clauss
method

Hemosil®
Fibrinogen-C

Kinetic
photometric assay

Berichrom®
FXIII

®

Clotting test
(photometric)

Actin

Clauss
method

Multifibren U Kinetic
photometric assay

Berichrom®
FXIII

®

Clotting test
(viscosity)

Actin FS

Clauss
method

STA®
Fibrinogen

Latex
HEXAMATE®
immunturbidimetry FXIII

®

Clotting test
(photometric)

Actin

Clauss
method

Dade®
Thrombin

n.a.

®

Clotting test
(photometric)

Pathromtin
SL

Clauss
method

Multifibren U Kinetic
photometric assay

Berichrom®
FXIII

®

Clotting test
(photometric)

Actin FS

®

Clauss
method

Multifibren U Kinetic
photometric assay

Berichrom®
FXIII

®

Clotting test
(photometric)

Actin FS

®

Clauss
method

Dade®
Thrombin

n.a.

®

Clotting test
(photometric)

Pathromtin
SL

Clauss
method

Multifibren U Kinetic
photometric assay

Berichrom®
FXIII

®

Clotting test
(viscosity)

STA APPT

Clauss
method

bovine
Kinetic
thrombin,
photometric assay
Diagnotec AG

Berichrom®
FXIII

Reagents

Instrumentation
Laboratory ACL Top 700

Clotting test Recombi®
(photometric) plastin

B

Siemens BCS-XP

Clotting test Innovin
(photometric)

C

Roche STA-R

Clotting test
(viscosity)

D

Sysmex CA7000

Clotting test Innovin
(photometric)

E

Siemens BCS-XP

Clotting test Innovin
(photometric)

F

Siemens BCS

Clotting test Innovin
(photometric)

G

Sysmex CA1500

Clotting test Innovin
(photometric)

H

Siemens BCS-XP

Clotting test Innovin
(photometric)

I

Roche STA-R

Clotting test
(viscosity)

*

¶

Innovin

Innovin

*

®

®

®

®

®

®

Factor XIII

n.a.

n.a.
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Random order, not matching with the alphabetical list mentioned above. Laboratory was excluded from analysis of variability between laboratories because not all tests
†
‡
§
were available. Laboratory was excluded from analysis of variability between laboratories because of a unique platform. PT, Factors II, V, VII, X. Factors VIII, IX, XI.

Fibrinogen was determined in plasma samples of both points in time. Prothrombin time
(PT), factors II, V, VII, VIII, IX, X, XI and XIII were determined only for the first sample to
avoid possible interferences with the second investigation conducted [10].
Statistical analysis
To study the variability between the different laboratories, we performed analyses of
variance (ANOVAs) and used the variance components procedure. By platform, the
variance components of (i) the subjects, (ii) the laboratory and the technician (including
the measurement error of the platform) and (iii) the total variance were obtained for
fibrinogen as well as (i) and (iii) for the remaining factors.
Based on the variance components, we calculated the intraclass correlation coefficients (ICC) for all factors using the variance component of the subjects in the numerator and the total variance in the denominator. Thus, the variation of the measurements
between laboratories can be demonstrated in relation to the variation of the subjects
(what represents the ‘real’ variation). A high ICC (clearly above 0.5) refers to the subjects as main components of the variance (which is a desirable outcome) whereas a low
ICC indicates that other (non-subject) factors are more accountable (which is a disturbing outcome).
Statistical analysis was performed using the SPSS statistical software package (Version 19; Property of SPSS Inc an IBM Company. © Copyright SPSS Inc. 1989, 2010).

Results
A total of 360 fibrinogen measurements, 180 PT measurements, 160 F II, F V, F VII, F
VIII, F IX, F X and F XI measurements, and 140 F XIII measurements were available for
analysis because only fibrinogen was determined two times and one laboratory did not
provided all tests.
The intraobserver variability for fibrinogen measurements, indicating the variability
within a laboratory, ranged from 0.02 to 0.04. This variability occurs from the variability
within a laboratory (including the technician handling the samples). The variability between laboratories ranged from 0.006 to 0.097. This indicates that laboratories used
the platform in different ways or that they interpreted the manual differently. This detailed analysis was only possible for the fibrinogen measurement because fibrinogen
was determined in plasma samples of both points in time.
The results allow discussing how prone a platform – the specifications, the complexity in the handling and other reasons – might be to create higher variability when
used in different laboratories and contexts.
The ICC for fibrinogen ranged from 0.37 to 0.66 and from 0.19 to 0.80 for PT between
the laboratories. Though, the amount to which non-subject factors is accountable for
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the variance of the parameters is very varying. Low ICC indicates that non-subject factors are major components of variance.
The ICC of FII when assessed with platform 3 was as low as 0.04 as compared to
0.44 when measured with platform 2. For the remaining factors the ICC’s ranged from
0.22 (F V) assessed with platform 3, to 0.93 (F VIII) assessed with platform 2.
For the two platforms providing enough data, the average ICC across all parameters was 0.64 (standard deviation 0.25) for platform 2 and 0.56 (standard deviation
0.28) for platform 3. Overall, the ICC’s were at 0.60 on average. Details are available on
Table 2.
Table 2: Intraclass Correlations of various coagulation tests and Intraobserver variability of fibrinogen tests
with various platforms
Parameter

Platform 1*

Platform 2

Platform 3

Platform 4

# laboratories

1

2

4

2

Fibrinogen

0.85

0.37

0.65

0.66

Within-laboratory variability ¶

0.02

0.03

0.04

Between-laboratory variability +

0.097

0.03

0.006

Prothrombin time

0.19

0.24

0.80

F II

0.44

0.04

FV

0.63

0.22

F VII

0.71

0.82

F VIII

0.93

0.61

F IX

0.86

0.83

FX

0.82

0.70

F XI

0.90

0.65

F XIII

0.57

0.81

‡

* laboratory was excluded from analysis of between-laboratory variability because of a unique pla orm, ‡
analysis was limited to routine coagulation parameters, because one laboratory did not assess all tests, ¶
(Platform + Technician), + Laboratories use the platform in different ways (they interpret the manual differently),

Discussions
Variance components that could be attributed to technicians or laboratory procedures
were substantial, led to disappointingly low intraclass correlation coefficients for several
factors and were pronounced for some of the platforms, probably for those allowing
more instrument adjustments. Our results emphasise that variability of parameters
between state-of-the-art laboratories remains considerable. This may have a relevant
impact on the reproducibility and comparability of the results.
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Our results confirm and extend previous reports on a wide variability of coagulation
parameters. A wide variability of PT measurements was already noticed with the introduction of early automation coagulometers [13]. An investigation of the World Federation of Haemophilia (WFH) EQA programme and the United Kingdom National External
Quality Assessment Scheme (UK NEQAS) conducted in the UK and in emerging countries
revealed a good to acceptable variation with regard to PT and aPTT (coefficient of variation [CV]: 10.1-20.4%) but an extensive variation with regard to FVIII, FIX and von Willebrand factor determination (CV 6-154%) [14]. Considerable variations in determination of von Willebrand factor antigen (vWF:Ag) and ristocetin cofactor activity
(vWF:RCo) were recognised in investigations of the U.S. College of American
Pathologists proficiency testing (CV 3.2-30.9%; n=171 laboratories) [14], the European
Concerted Action on Thrombosis and Disabilities Foundation (CV 10-40%; n=181 laboratories) [15] and UK NEQAS (CV 15-50%; n=200) [16].
Agreement with regard to subtherapeutic, therapeutic or supratherapeutic levels in
the monitoring of unfractionated heparin using activated partial thromboplastin time or
anti-Xa level was very limited in a cross-validation study [17] as well as a study using the
results of the annual Ontario Quality Management Program [6]. An interlaboratory
agreement of 16-52% and a coefficient of variation of 10.5 – 65% were reported respectively. Another investigation used the results of the Italian External Quality Assessment
Scheme and found a wide variability in estimation of quantitative D-Dimers (coefficient
of variation up to 47%) [18]. A high degree of variation between laboratories in the
identification of coagulation factor inhibitors was shown in several investigations, which
used data of external quality assessment programs [7,19-21]. Other investigations identified the type of the reagent [22], the method of the assay [23] and the calibrator
[24,25] as factors that bias the measurements between different laboratories and the
coagulometer influencing the precision of the measurements [22].
In contrast to these previous investigations, our study illustrates the degree of
variation between laboratories using state-of-the-art coagulometers and reagents in
relation to the variation of the subjects. We showed the degree of variation for PT,
fibrinogen and coagulation factors II, V, VII, VIII, IX, XI and XIII. Furthermore, we characterised factors associated with technicians and laboratory procedures as a relevant
source of this variation. These factors include also the choice of the reagents, which
may have influenced the higher between-laboratory variability of platform 2 in contrast
to platform 3.
Our investigation has several limitations. First, it is an exploratory study with a
relative low number of determinations. However, it facilitates future investigations with
more determinations and a proper power analysis. Second, “factors associated with
technicians and laboratory procedures” are determined as a global factor. The design of
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the study did not allow discriminating additional potential factors such as type of the
reagents, which are also inadequately addressed by the literature.
Future investigations have to separate these factors to discriminate between organisational factors and single technicians. Third, only fibrinogen determination was
analysed for two points in time, because of the study design. If future investigations
would determine more parameters two times, better information on differences between parameters would be possible. Forth, only state-of-the-art laboratories specialised in determination of coagulation factors measured the samples in our investigation.
The results could possibly be different if routine laboratories would have been investigated.
The strength of our study is that was done it in a nation-wide design including only
state-of-the-art coagulation laboratories of all tertiary hospitals. Therefore, a selection
bias appears unlikely. Furthermore, a wide range of coagulation parameters was determined. Though, the observed effects were internally confirmed by other parameters.
Moreover, it is one of the first investigations that observed the sources of this variation
and – to our knowledge – the first investigation, which observed factors associated with
technicians and laboratory procedures as possible source for variation of results between laboratories.
The present results suggest that variability of coagulation parameters between specialised laboratories is substantial despite state-of-the-art coagulometers and reagents,
great efforts to guarantee precision of laboratory tests and external quality assessment
programs. The results indicate that factors associated with technicians and laboratory
procedures are a relevant source of this variation. Though, organisational factors are a
promising field of work for future investigations on the sources of this variability. Furthermore, efforts to enhance laboratory organisation may be an attractive area of activity for reducing variability of the measurements of coagulation parameters as well as
improving quality of laboratory results within laboratories. This hypothesis is supported
by the fact that platforms, which allow more adjustments, were associated with a
greater variance than others with a more rigid application. Furthermore, parameters,
which necessitate a greater effort in structuring operation procedure, have had a lower
variance than more simple parameters.
In conclusion, variability between laboratories in determination of coagulation
parameters was considerable and variance components that could be attributable to
technicians and laboratory procedures were substantial. Once confirmed in larger studies, our findings call for sustained efforts to raise the level of standardization of structures and procedures involved in the quantification of coagulation factors.
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Abstract
Background: The methodological quality of diagnostic accuracy studies for venous
thromboembolic diseases and extent of bias due to methodological shortcomings is
largely unknown.
Methods and Results: Diagnostic systematic reviews in five target conditions were
searched in Medline and Embase. Two-by-two tables and the results of the reviews’
quality assessment were extracted for each primary study included in these reviews in
duplicate. The median number of patients with and without the target condition and
study size was calculated. A meta-analysis, comparing the pooled diagnostic odds ratios
of studies unlikely to be biased with studies likely to be biased according to the
QUADAS-2 quality items was performed. Eleven systematic reviews summarizing 140
primary studies were included (168 test evaluations; 31’046 patients). Median sample
size was 103 (IQR 50-202). The median number of patients with the target conditionneeded to calculate a test’s sensitivity-was 31 (15-46). The median number of patients
without the target condition-needed for the calculation of a test’s specificity-was 68
(27-152). Adequate quality assessment tools were used in 5 systematic reviews only
(46%). Among the 37 primary studies with QUADAS-2 score available, the risk of bias
was estimated to be low for all items in five only (13.5%). Studies unlikely to be biased
on all items reported lower DOR (-13.56 (95% CI-46.94 to 19.83); p=0.415).
Conclusions: Diagnostic accuracy in studies on venous thromboembolic diseases
are unlikely to report precise point estimates of test performance and are often likely to
be biased according to QUADAS-2. Established guidelines to design and report diagnostic tests should be systematically adopted.
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Introduction
Little is known about the extent to which established guidelines for the design, evaluation and assessment have been adopted in articles about the diagnosis of venous
thromboembolic diseases. Determination of a probable or definitive diagnosis is a crucial step in medical care and the quality of the diagnostic process determines the quality
of care to a large amount [1]. It is acknowledged that the use of any diagnostic tests is
an intervention that may bring significant harm to patients [2]. Premature application of
medical tests in clinical practice may lead to an excess in costs, wrong diagnosis, unnecessary delays in starting appropriate treatment, or even hazardous therapy [3,4]. In
addition, it has been recognised that sophisticated and expensive tests that are disseminated without suitable evaluations can subsequently be found to have marginal clinical
value and economic benefit. Selection of appropriate diagnostic tests is challenging
because there is an accelerating number of tests available [2]. A comprehensive evaluation of diagnostic tests is essential not only for improving quality in health care but
limiting costs in an environment of increasing pressure on budgets [5,6]. Diagnostic
accuracy studies are key elements of test evaluation and biased results may easily lead
to erroneous conclusions on the clinical value of medical tests.
Well known historical examples and some empirical evidence illustrate how methodological shortcomings in diagnostic accuracy studies may lead to wrong conclusions
and an unjustified subsequent implementation in clinical practice [7-12]. A number of
guidelines and tools for assessing and improving quality of studies evaluating diagnostic
tests have been developed in last decades to overcome these problems. In particular,
the STARD guideline focuses on the accurate design and reporting of diagnostic accuracy studies and the QUADAS-2 tool assesses the methodological quality of studies to be
used in systematic reviews and meta-analyses [2,13,14]. However, to what extent these
guidelines have been adopted in clinical practice is largely unknown. Furthermore, it is
not known to what extent methodological shortcomings lead to bias in diagnostic accuracy estimates. Venous thromboembolic diseases contribute to the health burden and
large resources are necessary for diagnosis and treatment of these patients [15,16].
Uncertainties in the diagnostic process of patients with venous thromboembolism may
contribute to adverse outcomes and excess in costs.
In this study we systematically assessed the methodological quality of studies evaluating diagnostic tests for venous thromboembolic diseases and quantified the direction and impact of biased studies on average diagnostic performance.
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Methods
Search strategy, data sources and inclusion criteria
We performed an electronic literature search to identify systematic reviews and metaanalyses as well as subsequent original studies on diagnostic accuracy of test used for
venous thromboembolic diseases. To get a comprehensive dataset, we included all
disease entities in the search strategy that are associated with venous thromboembolism: venous thrombosis, pulmonary embolism, lower extremity deep vein thrombosis,
heparin-induced thrombocytopenia and disseminated intravascular coagulation. To
identify diagnostic accuracy studies, a validated strategy was used [17]. The search
strategy was developed by two authors (LMN, MN) and tested on a set of 10 index publications. Details are given in the appendix. MEDLINE, and EMBASE were searched from
inception to April 2014 The database search was complemented by screening reference
lists of included studies.
Inclusion criteria were (1) systematic reviews of diagnostic accuracy studies, (2)
index test used to identify one of the mentioned disease entities, and (4) sufficient
details to generate a 2 by 2 contingency table. To be included in meta-analysis determining the effect of design-related bias, original studies needed to have a QUADAS-2
guided assessment of methodological quality by previous investigators of the respective
diagnostic test. No language restrictions were applied.
Literature search and selection of publications for full-text review was done by one
author (MN). Full-text review and assessment for eligibility was independently done by
two authors (MN, LF). A third reviewer (LMB) arbitrated unclear cases. This was necessary for 13 extracted items.
Data extraction
All data were extracted in a standardized extraction form. The following data were
drawn out of the included systematic reviews: number of studies, employment and type
of a quality assessment tool, and QUADAS (Version 1 and 2) results assigned to individual studies (if applied). Primary studies were analyzed to extract: sample size, numbers
of affected and unaffected patients, prevalence, and numbers of the 2 by 2 contingency
table (true positives, false positives, false negatives, true negatives). Two reviewers (LF,
LMB) independently did data extraction and disagreement was resolved by consensus.
Measures of methodological quality
Measures of different dimensions were used to determine methodological quality. First,
included systematic reviews were assessed with regard do adequate application of
quality assessment tools. Second, primary studies were analysed with regard to adequate sample sizes [18]. And third, methodological quality of primary studies as assessed by previous investigators was recorded, expressed as QUADAS-2 result. We de92

cided to rely on the assessment of previous authors for two reasons: (1) application of
QUADAS-2 has to be done in the context of and adapted to the respective research
question, what is better done in a systematic review focussing on a specific diagnostic
test, and (2) to avoid possible bias due to QUADAS-2 scoring of investigators studying
methodological quality.
Statistical analyses
From extracted two-by-two tables we calculated the diagnostic odds ratio (DOR) per
study. DOR was then pooled per QUADAS item (bias unlikely vs. likely or missing information). In a meta-regression analysis, we investigated the effect of high study quality
(bias unlikely in all QUADAS items) on the pooled DOR.
Statistical analyses were performed using the Stata 11.2 statistical software package using the metan and metareg commands. (StataCorp. 2009. Stata Statistical Software: Release 11. College Station, TX: StataCorp LP.)

Results
Study selection
Literature search identified 833 articles, including 68 duplicates (Figure 1). It was last
updated in March 2014. Based on the inclusion criteria, we selected 75 records for fulltext screening and rejected 690. Reviewing the full-text articles, we excluded 23 because of the publication type (no systematic review), 40 because of insufficient data,
and one article because of a different scope. Finally, we included 11 systematic reviews
[19-29] and 140 primary studies subsequently [30-168]. Multiple evaluations were done
in some studies resulting in 168 test evaluations and 31’046 patients. For 36 primary
studies [34,37,42,49,50,53,54,69,70,75-79,83,88,90,91,93,94,98-101,108,110, 123,126,
132,136,138,139,150,160,161,167] QUADAS-2 scores were available in 3 systematic
[21,27,28]. These studies were included in meta-analysis of design-related bias.
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Figure 1: PRISMA flow chart

Study characteristics and sample size
The characteristics of included diagnostic accuracy studies are displayed in Table 1.
Studies covered the whole spectrum of diagnostic problems associated with venous
thromboembolism and a wide range of diagnostic tests. The frequency distribution of
diseases and tests points towards a representative sample. Systematic reviews included
a median of 10 primary studies with a inter-quartile range (IQR) of 8 to 15 (range 7 [24]
to 67 [26]). Median prevalence of the target condition in primary studies was 31.4%
(IQR 22.6-42.9%). The studies included a median number of 31 patients with the disease
(IQR 15-46), as well as 68 without the disease (IQR 27-152). The median sample size of
primary diagnostic accuracy studies was 103, with an IQR of 50 to 202.
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Table 1: Summary characteristics of studies included in systematic review
Characteristics

Results

Systematic reviews (number)

11

Number of included studies – (median;IQR)
Primary studies (number)

10 (8-15)
140

Test evaluations (number)

168

Sample size (median; IQR)

103 (50–202)

Prevalence (median; IQR)

30.7% (22.3%-42.9%)

Patients with the target condition (median; IQR)

31 (15-46)

Patients without the target condition (median; IQR)

68 (27-152)

Diseases
Deep vein thrombosis

25 (14.9%)

Pulmonary embolism

111 (66.1%)

Upper extremity deep vein thrombosis

19 (11.3%)

Heparin-induced thrombocytopenia

13 (7.7%)

Diagnostic tests
Compression ultrasonography

24 (14.3%)

Doppler ultrasonography

10 (6.0%)

Duplex ultrasonography

2 (1.2%)

Computed tomography

21 (12.5%)

D-Dimer

42 (25.0%)

Brain natriuretic peptide/ N-terminal pro-brain
natriuretic peptide

8 (4.8%)

Ventilation perfusion lung scan

10 (6.0%)

Magnetic resonance angiography

5 (3.0%)

Echocardiography

2 (1.2%)

Lung ultrasonography

10 (6.0%)

Capnography

14 (8.3%)

4Ts score

13 (7.7%)

Rheography

3 (1.8%)

Others

4 (2.4%)

Quality assessments
Studies with low risk of bias (number; percent)

5 (13.5%)

IQR, inter-quartile range
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Quality assessment
All included systematic reviews assessed quality of included diagnostic accuracy studies,
but only 5 (45.5%) used the validated and recommended QUADAS/QUADAS-2 tool
[14,169]. Six reviews used a self-constructed questionnaire (54.5%) and four of them
used it even though QUADAS/QUADAS-2 was already available at the date of publication. Among the studies with a score of the QUADAS-2 tool available, the risk of bias
was estimated to be low for all items in five out of 37 only (13.5%). In particular, the risk
of bias was estimated to be “high” or “unclear” with regard to the reference test
(74.2%), the index test (64.5%), and the patient selection (64.5%). No quality assessment was done in two reviews.
Extent of bias
In Figure 2, the diagnostic odds ratios are shown after stratifying the studies according
to the estimated risk of bias. Results are shown for every item of the QUADAS-2 tool
(patient selection, index test, reference standard, and flow and timing). As mentioned
above, in the majority of studies the risk of bias was rated to be „likely“ or „unclear“.
Between studies with and without a fulfilled quality criterion, the diagnostic odds ratio
varied to a large amount. Interestingly, the degree and the direction of bias differed
substantially between QUADAS items. For “patient selection” and “reference test” the
diagnostic odds ratio is nearly as double as large in studies without fulfilment (for details see Figure 2). In contrast, for “index test” and “flow & timing”, the diagnostic odds
ratio was three times as high in studies with fulfilled criteria than in studies without.
Studies unlikely to be biased on all items reported lower DOR (-13.56 (95% CI-46.94 to
19.83); p=0.415).

Figure 2: Risk of bias due to methodological shortcomings in diagnostic accuracy studies for venous thromboembolic diseases. Diagnostic odds ratios are shown for studies with (“risk of bias unlikely”) and without (“risk
of bias likely or unclear”) fulfilment of the individual item of the QUADAS-2 quality assessment tool.
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Risk of selection bias

Study
ID

Odds Ratio (95% CI)

%
Weight

Unlikely
Verschuren (2004)
Crowther (2010)
Cuker (2010)
Tawfik (2011)
Kurt (2010)
Reissig (2001)
Lo (2006)
Rumpf (2009)
Denys (2008)
Verschuren (2010)
Pouplard (2007)
Lo (2006)
Bryant (2008)
Sanchez (2006)
Hogg (2005)
Bakchoul (2009)
Nellen (2012)
Subtotal (I-squared = 99.9%, p = 0.000)

28.60 (25.65, 31.55)
23.24 (20.11, 26.36)
11.94 (9.01, 14.86)
6.15 (3.20, 9.11)
3.67 (2.50, 4.83)
44.72 (43.10, 46.34)
50.40 (48.32, 52.48)
62.07 (60.71, 63.42)
10.76 (7.89, 13.63)
4.00 (3.38, 4.62)
28.53 (25.71, 31.35)
14.09 (11.27, 16.91)
28.35 (25.50, 31.21)
9.58 (9.01, 10.14)
5.44 (3.42, 7.46)
150.31 (147.51, 153.11)
31.58 (30.80, 32.36)
18.47 (18.17, 18.78)

0.50
0.44
0.51
0.50
3.20
1.65
1.00
2.35
0.53
11.43
0.55
0.54
0.53
13.47
1.06
0.55
7.14
45.96

Likely or unclear
Mathis (1990)
Pfeil (2010)
Kroschel (1991)
Demma (2011)
Mathis (1993)
Leichleitner (2002)
Leichleitner (1998)
Mohn (2003)
Lillo-Le Louët (2004)
Yoon (2010)
Berry (2011)
Mathis (1999)
Kline (1998)
Rodger (2001)
Kline (1997)
Kline (2006)
Hemnes (2010)
Mathis (2005)
Kline (2001)
Kline (2010)
Subtotal (I-squared = 100.0%, p = 0.000)

40.50 (37.82, 43.18)
5.33 (3.72, 6.95)
9.33 (6.32, 12.35)
33.22 (30.31, 36.14)
82.00 (79.68, 84.32)
74.57 (72.40, 76.75)
12.40 (11.03, 13.77)
8.07 (7.02, 9.12)
49.34 (46.49, 52.19)
44.17 (41.31, 47.04)
5.13 (4.02, 6.23)
112.75 (111.43, 114.07)
44.52 (41.69, 47.35)
9.16 (8.28, 10.04)
92.70 (91.35, 94.05)
8.32 (5.49, 11.16)
7.64 (6.67, 8.61)
54.00 (53.22, 54.78)
6.58 (6.00, 7.16)
6.25 (4.82, 7.68)
26.17 (25.89, 26.46)

0.60
1.66
0.48
0.51
0.81
0.92
2.32
3.94
0.54
0.53
3.55
2.48
0.54
5.64
2.38
0.54
4.61
7.12
12.78
2.12
54.04

-200

0

200
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Risk of bias index

Study
ID

Odds Ratio (95% CI)

%
Weight

Unlikely
Mathis (1990)
Pfeil (2010)
Crowther (2010)
Cuker (2010)
Tawfik (2011)
Mathis (1993)
Reissig (2001)
Lo (2006)
Denys (2008)
Berry (2011)
Mathis (1999)
Pouplard (2007)
Lo (2006)
Bryant (2008)
Mathis (2005)
Bakchoul (2009)
Nellen (2012)
Subtotal (I-squared = 99.9%, p = 0.000)

40.50 (37.82, 43.18)
5.33 (3.72, 6.95)
23.24 (20.11, 26.36)
11.94 (9.01, 14.86)
6.15 (3.20, 9.11)
82.00 (79.68, 84.32)
44.72 (43.10, 46.34)
50.40 (48.32, 52.48)
10.76 (7.89, 13.63)
5.13 (4.02, 6.23)
112.75 (111.43, 114.07)
28.53 (25.71, 31.35)
14.09 (11.27, 16.91)
28.35 (25.50, 31.21)
54.00 (53.22, 54.78)
150.31 (147.51, 153.11)
31.58 (30.80, 32.36)
42.37 (41.99, 42.75)

0.60
1.66
0.44
0.51
0.50
0.81
1.65
1.00
0.53
3.55
2.48
0.55
0.54
0.53
7.12
0.55
7.14
30.16

Likely or unclear
Kroschel (1991)
Demma (2011)
Verschuren (2004)
Leichleitner (2002)
Kurt (2010)
Leichleitner (1998)
Mohn (2003)
Lillo-Le Louët (2004)
Rumpf (2009)
Yoon (2010)
Kline (1998)
Rodger (2001)
Kline (1997)
Kline (2006)
Verschuren (2010)
Sanchez (2006)
Hemnes (2010)
Kline (2001)
Hogg (2005)
Kline (2010)
Subtotal (I-squared = 99.9%, p = 0.000)

9.33 (6.32, 12.35)
33.22 (30.31, 36.14)
28.60 (25.65, 31.55)
74.57 (72.40, 76.75)
3.67 (2.50, 4.83)
12.40 (11.03, 13.77)
8.07 (7.02, 9.12)
49.34 (46.49, 52.19)
62.07 (60.71, 63.42)
44.17 (41.31, 47.04)
44.52 (41.69, 47.35)
9.16 (8.28, 10.04)
92.70 (91.35, 94.05)
8.32 (5.49, 11.16)
4.00 (3.38, 4.62)
9.58 (9.01, 10.14)
7.64 (6.67, 8.61)
6.58 (6.00, 7.16)
5.44 (3.42, 7.46)
6.25 (4.82, 7.68)
14.11 (13.86, 14.36)

0.48
0.51
0.50
0.92
3.20
2.32
3.94
0.54
2.35
0.53
0.54
5.64
2.38
0.54
11.43
13.47
4.61
12.78
1.06
2.12
69.84
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0
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Risk of bias due to reference test

Study
ID

Odds Ratio (95% CI)

Unlikely
Demma (2011)
Crowther (2010)
Cuker (2010)
Berry (2011)
Pouplard (2007)
Lo (2006)
Bryant (2008)
Subtotal (I-squared = 99.1%, p = 0.000)

%
Weight

33.22 (30.31, 36.14)
23.24 (20.11, 26.36)
11.94 (9.01, 14.86)
5.13 (4.02, 6.23)
28.53 (25.71, 31.35)
14.09 (11.27, 16.91)
28.35 (25.50, 31.21)
13.54 (12.74, 14.35)

0.51
0.44
0.51
3.55
0.55
0.54
0.53
6.64

40.50 (37.82, 43.18)
5.33 (3.72, 6.95)
9.33 (6.32, 12.35)
28.60 (25.65, 31.55)
6.15 (3.20, 9.11)
82.00 (79.68, 84.32)
74.57 (72.40, 76.75)
3.67 (2.50, 4.83)
12.40 (11.03, 13.77)
44.72 (43.10, 46.34)
8.07 (7.02, 9.12)
49.34 (46.49, 52.19)
50.40 (48.32, 52.48)
62.07 (60.71, 63.42)
10.76 (7.89, 13.63)
44.17 (41.31, 47.04)
112.75 (111.43, 114.07)
44.52 (41.69, 47.35)
9.16 (8.28, 10.04)
92.70 (91.35, 94.05)
8.32 (5.49, 11.16)
4.00 (3.38, 4.62)
9.58 (9.01, 10.14)
7.64 (6.67, 8.61)
54.00 (53.22, 54.78)
6.58 (6.00, 7.16)
5.44 (3.42, 7.46)
6.25 (4.82, 7.68)
150.31 (147.51, 153.11)
31.58 (30.80, 32.36)
23.28 (23.06, 23.50)

0.60
1.66
0.48
0.50
0.50
0.81
0.92
3.20
2.32
1.65
3.94
0.54
1.00
2.35
0.53
0.53
2.48
0.54
5.64
2.38
0.54
11.43
13.47
4.61
7.12
12.78
1.06
2.12
0.55
7.14
93.36

Likely or unclear
Mathis (1990)
Pfeil (2010)
Kroschel (1991)
Verschuren (2004)
Tawfik (2011)
Mathis (1993)
Leichleitner (2002)
Kurt (2010)
Leichleitner (1998)
Reissig (2001)
Mohn (2003)
Lillo-Le Louët (2004)
Lo (2006)
Rumpf (2009)
Denys (2008)
Yoon (2010)
Mathis (1999)
Kline (1998)
Rodger (2001)
Kline (1997)
Kline (2006)
Verschuren (2010)
Sanchez (2006)
Hemnes (2010)
Mathis (2005)
Kline (2001)
Hogg (2005)
Kline (2010)
Bakchoul (2009)
Nellen (2012)
Subtotal (I-squared = 100.0%, p = 0.000)

-200

0

200
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Risk of bias due to flow & timing

Study
ID

ES (95% CI)

%
Weight

Unlikely
Mathis (1990)
Crowther (2010)
Cuker (2010)
Tawfik (2011)
Mathis (1993)
Leichleitner (2002)
Leichleitner (1998)
Reissig (2001)
Mohn (2003)
Lillo-Le Louët (2004)
Lo (2006)
Denys (2008)
Mathis (1999)
Pouplard (2007)
Lo (2006)
Bryant (2008)
Mathis (2005)
Bakchoul (2009)
Nellen (2012)
Subtotal (I-squared = 99.9%, p = 0.000)

40.50 (37.82, 43.18)
23.24 (20.11, 26.36)
11.94 (9.01, 14.86)
6.15 (3.20, 9.11)
82.00 (79.68, 84.32)
74.57 (72.40, 76.75)
12.40 (11.03, 13.77)
44.72 (43.10, 46.34)
8.07 (7.02, 9.12)
49.34 (46.49, 52.19)
50.40 (48.32, 52.48)
10.76 (7.89, 13.63)
112.75 (111.43, 114.07)
28.53 (25.71, 31.35)
14.09 (11.27, 16.91)
28.35 (25.50, 31.21)
54.00 (53.22, 54.78)
150.31 (147.51, 153.11)
31.58 (30.80, 32.36)
43.06 (42.69, 43.42)

0.60
0.44
0.51
0.50
0.81
0.92
2.32
1.65
3.94
0.54
1.00
0.53
2.48
0.55
0.54
0.53
7.12
0.55
7.14
32.66

Likely or unclear
Pfeil (2010)
Kroschel (1991)
Demma (2011)
Verschuren (2004)
Kurt (2010)
Rumpf (2009)
Yoon (2010)
Berry (2011)
Kline (1998)
Rodger (2001)
Kline (1997)
Kline (2006)
Verschuren (2010)
Sanchez (2006)
Hemnes (2010)
Kline (2001)
Hogg (2005)
Kline (2010)
Subtotal (I-squared = 99.9%, p = 0.000)

5.33 (3.72, 6.95)
9.33 (6.32, 12.35)
33.22 (30.31, 36.14)
28.60 (25.65, 31.55)
3.67 (2.50, 4.83)
62.07 (60.71, 63.42)
44.17 (41.31, 47.04)
5.13 (4.02, 6.23)
44.52 (41.69, 47.35)
9.16 (8.28, 10.04)
92.70 (91.35, 94.05)
8.32 (5.49, 11.16)
4.00 (3.38, 4.62)
9.58 (9.01, 10.14)
7.64 (6.67, 8.61)
6.58 (6.00, 7.16)
5.44 (3.42, 7.46)
6.25 (4.82, 7.68)
12.73 (12.48, 12.99)

1.66
0.48
0.51
0.50
3.20
2.35
0.53
3.55
0.54
5.64
2.38
0.54
11.43
13.47
4.61
12.78
1.06
2.12
67.34

-200

0

200

Discussion
By assessing a positive selection of studies evaluating diagnostic tests for venous
thromboembolic diseases we found major shortcomings in the methodological quality
and empirical evidence for design-related biases in diagnostic accuracy measures. The
sample size of the diagnostic accuracy studies was even more limited than previous
recorded in a selection of high-ranked general and specialised scientific journals [18].
Furthermore, application of appropriate quality assessment tools in systematic reviews
and adequate presentation of the results was done in the minority of the studies only.
In addition, the risk of bias was estimated to be high or unclear in the majority of stud100

ies. Notably, a major systematic bias of the diagnostic odds ratio was assessed in studies
with non-fulfilment of quality criteria specified by the QUADAS-2 tool.
We are unaware of previous studies investigating extent and effects of methodological shortcomings systematically in diagnostic accuracy studies for venous thromboembolic diseases. Bachmann et al. studied sample sizes and a-priori sample size calculations in a selection of high-ranked general and specialised scientific journals [18]. Sample sizes we recorded in diagnostic accuracy studies for venous thromboembolism were
even more limited. Our results are in-line with previous publications in general medical
journals confirming that methodological shortcomings are common and the quality of
reporting restricted [7,9]. Some evidence exists regarding a systematic bias due to
methodological shortcomings. Already in 1999 Lijmer and colleagues reported on systematic overestimation of the diagnostic ability of a test if particular methodological
requirements are not met [7]. Interestingly, the issues they found to have a high risk
correspond very well to the domains of the QUADAS-2 tool we identified: “patient selection” and “reference test”. Rutjes et al also focussed on various methodological factors associated with a bias in estimated diagnostic accuracy [9]. In agreement with our
results, authors identified issues associated with patient selection as particular sensitive
to bias. This observation is further supported by an systematic review and meta-analysis
focussing on magnetic resonance imaging for detecting silicone breast implant ruptures
[10]. The authors identified patient selection procedure as particularly sensitive to bias.
Other authors mentioned disease prevalence and details of data analysis as potential
sources of bias [170]. In contrast to these previous investigations, we observed a relationship between bias and quality status according to QUADAS-2.
The strength of our investigation is that we studied methodological issues in a large
number of studies investigating a broad range of diagnostic tests for diagnosing all important diseases associated with venous thromboembolism. Arguably our sample is a
positive selection of the full body of evidence, since only studies included in systematic
reviews were considered. Thus, the problem might be worse when considering the
complete diagnostic literature on venous thromboembolic diseases. Furthermore, we
assessed extent of bias regarding methodological deficiencies focussing on the most
recent and recommended quality assessment tool QUADAS-2. In contrast to previous
investigations, we were able to determine the direction and to quantify extent of bias
for individual QUADAS-2 domains.
Our results suggest that diagnostic accuracy in studies observing test for venous
thromboembolic diseases are biased by methodological shortcomings. This observation
call for increased efforts to implement current guidelines for reporting and assessment
of methodological quality [2,14]. Several authors demanded a phased evaluation, according to the evaluation required for FDA-approval of new drugs [3,171-173]. In a first
phase, the analytical characteristics and the technical accuracy including reproducibility
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shall be determined. In a second phase, the diagnostic accuracy determined by an adequate study design will be investigated. These studies will be complemented by a phase
three determining health outcomes (mortality and morbidity) of using the test. Afterwards, the cost effectiveness must be determined, decision-making algorithms developed and the organisational impact evaluated. The advantage of a phased evaluation is
that further evaluation will be stopped after insufficient results at an early stage. Thus,
significant harm to patients associated with a premature implementation of medical
tests will be avoided. Furthermore, a relevant amount of costs that are associated with
the use of tests with unclear value can be saved.
In conclusion, studies investigating diagnostic accuracy of tests used to identify
venous thromboembolic diseases are flawed by methodological shortcomings. They are
unlikely to report precise point estimates of test performance and are often likely to be
biased according to QUADAS-2. Biased studies tended to exaggerate test performance.
Established guidelines to design and report diagnostic tests should be systematically
adopted in the diagnostic literature on venous thromboembolic diseases.
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APPENDIX
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“Heparin-induced thrombocytopenia” OR “Pulmonary embolism” OR “Venous thrombosis” OR “Lower extremity deep vein thrombosis” OR “Disseminated intravascular
coagulation” AND (systematic review [ti] OR meta-analysis [pt] OR meta-analysis [ti] OR
systematic literature review [ti] OR (systematic review [tiab] AND review [pt]) OR consensus development conference [pt] OR practice guideline [pt] OR cochrane database
syst rev [ta] OR acp journal club [ta] OR health technol assess [ta] OR evid rep technol
assess summ [ta] OR drug class reviews [ti]) OR (clinical guideline [tw] AND management [tw])OR ((evidence based[ti] OR evidence-based medicine [mh] OR best practice*
[ti] OR evidence synthesis [tiab]) AND (review [pt] OR diseases category[mh] OR behavior and behavior mechanisms [mh] OR therapeutics [mh] OR evaluation studies[pt] OR
validation studies[pt] OR guideline [pt] OR pmcbook)) OR ((systematic [tw] OR systematically [tw] OR critical [tiab] OR (study selection [tw]) OR (predetermined [tw] OR inclusion [tw] AND criteri* [tw]) OR exclusion criteri* [tw] OR main outcome measures [tw]
OR standard of care [tw] OR standards of care [tw]) AND (survey [tiab] OR surveys [tiab]
OR overview* [tw] OR review [tiab] OR reviews [tiab] OR search* [tw] OR handsearch
[tw] OR analysis [tiab] OR critique [tiab] OR appraisal [tw] OR (reduction [tw]AND (risk
[mh] OR risk [tw]) AND (death OR recurrence))) AND (literature [tiab] OR articles [tiab]
OR publications [tiab] OR publication [tiab] OR bibliography [tiab] OR bibliographies
[tiab] OR published [tiab] OR unpublished [tw] OR citation [tw] OR citations [tw] OR
database [tiab] OR internet [tiab] OR textbooks [tiab] OR references [tw] OR scales [tw]
OR papers [tw] OR datasets [tw] OR trials [tiab] OR meta-analy* [tw] OR (clinical [tiab]
AND studies [tiab]) OR treatment outcome [mh] OR treatment outcome [tw] OR pmcbook)) NOT (letter [pt] OR newspaper article [pt] OR comment [pt]) AND ((sensitiv*[Title/Abstract] OR sensitivity and specificity[MeSH Terms] OR diagnose[Title/Abstract] OR diagnosed[Title/Abstract] OR diagnoses[Title/Abstract] OR diagnosing[Title/Abstract] OR diagnosis[Title/Abstract] OR diagnostic[Title/Abstract] OR
diagnosis[MeSH:noexp] OR diagnostic * [MeSH:noexp] OR diagnosis, differential[MeSH:noexp] OR diagnosis[Subheading:noexp]))

EMBASE Search
heparin-induced thrombocytopenia’/exp OR pulmonary embolism’/exp OR ‘venous
thrombosis’/exp OR ‘lower extremity deep vein thrombosis’/exp OR ‘disseminated intravascular coagulation’/exp AND ([meta analysis]/lim OR [systematic review]/lim) AND
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[humans]/lim AND [embase]/lim AND sensitivity AND specificity OR (‘heparin-induced
thrombocytopenia’/exp OR ‘pulmonary embolism’/exp OR ‘venous thrombosis’/exp OR
‘lower extremity deep vein thrombosis’/exp OR ‘disseminated intravascular coagulation’/exp AND ([meta analysis]/lim OR [systematic review]/lim) AND [humans]/lim AND
[embase]/lim AND diagnostic AND accuracy)
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CHAPTER 9

General Discussion

Hereditary and acquired disorders of haemostasis contribute significantly to thromboembolism and bleeding, which represents a significant health burden. Thus, improving
diagnosis and treatment of haemostatic disorders will not only enhance care in a large
number of patients but also help to stabilize budgets of health insurances and health
care systems. Our research focuses on laboratory tests as well as clinical assessment
scores, which are essential for diagnosis, prognosis and treatment of thromboembolic
and bleeding disorders in numerous situations. To gain value in clinical practice, medical
tests have to demonstrate validity, accuracy and precision.
Validity of diagnostic tests used in common practice
The extend of validity and accuracy problems we identified in tests that are already in
common use, is remarkable. For example, thromboelastometry analysis is widely used,
not only in patients with massive bleeding. However, our investigation indicated important limitations in reproducibility [1] and major factors of impact, that are frequently
prevalent in patients where the analysis is typically applied [2]. Moreover, technical
validity is not fully established [3]. Additionally, we found the reproducibility of the 4T’s
score, a commonly used clinical scoring system to rule-out heparin-induced thrombocytopenia, to be inacceptable low in real-life clinical practice [4]. Moreover, coagulation
tests are often not comparable between different laboratories [5]. The mentioned issues can seriously limit the clinical value and no one can foresee possible consequences.
It cannot be ruled out that decisions made on the basis of miss-interpretations, false
alarms or false-negative findings can increase patients’ burden.
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Extend and quality of test evaluation
Our investigations also indicate that evaluations of medical and laboratory tests are
often fragmentary and inadequate. It is remarkable that all tests investigated are already implemented and recommended by current guidelines. Important validity aspects
of thromboelastometry analysis like reproducibility, factors of impact and comparison
with the gold standard have not been adequately addressed [1-3]. Interobserver reliability of the 4T’s score in real-life practice was not tested [4]. In particular, methodological quality of studies investigating a large spectrum of diagnostic tests for venous
thromboembolic diseases is limited and associated with a high risk of bias due to design-related shortcomings [6]. Thus, decisions regarding diagnosis, prognosis and treatment that are based on these tests are subject to considerable uncertainty. It may also
lead to wrong diagnosis, unnecessary delays in starting appropriate treatment, or even
hazardous therapy.
Risks of applying medical tests
Application of a medical test is acknowledged to be an intervention that may bring significant harm to patients. The spectrum of risks is large. Table 1 summarises them and
gives examples. Misclassifications due to false-positive or false-negative test results are
part of daily clinical practice. Wrong diagnoses eventually lead to application of unnecessary and risky treatments. In addition, misclassifications may result in uncertainty and
initiation of further diagnostic tests that might further increase uncertainty and adverse
effects without improving diagnostic value. In addition, if physicians reject a correct
diagnosis on the base of false negative test results, there might be a delay or even nonobservance in the diagnostic work-up. The consequences appear apparent in lifethreatening situations such as pulmonary embolism. Testing has not only direct effects
on health outcomes but it influences emotional well-being and social functioning, it has
cognitive as well as behavioural effects. These factors may intensify the positive effects
on health, but they can also counteract and result in lasting social, emotional or cognitive impairment. It appears as self-evident, that all the effects mentioned above will
increase health care costs for the patient, health insurances and the public. However,
experience from clinical practice suggests that they are rarely taken into account while
considering a diagnostic test [7].
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Table 1: Potential risks of applying medical tests to patients
Risk

Description

Example

Direct adverse event

Invasive diagnostic tests may have direct
adverse events.

Cerebral angiography carries a risk of
permanent neurological damage [20].

False diagnosis

False positive results may result in wrong
diagnosis and application of unnecessary and
risky treatments.

Overdiagnosis of heparin-induced
thrombocytopenia (HIT) is common due to a
low positive predictive value of respective
antibody tests. Treatment of HIT with
alternative anticoagulants is associated with
a high risk of major bleedings [21].

Rejection of correct
diagnosis

False negative results may lead to rejection of
a correct diagnosis and unnecessary delays in
starting appropriate treatments.

Negative levels of D-dimers may delay
diagnosis of pulmonary embolism what sets
patient at risk for progression [22].

Initiation of additional
investigations

Uncertainty in interpretation of test results
(positive or negative) may result in further
investigations.

Recognising elevated D-dimers in patients
with pneumonia may bring physicians to
order a CT scan that carries a risk of
contrast-induced nephropathy [23].

Withdrawal of treatments False positive results may lead to suspicion of
certain diseases, which constitutes a
contraindication for treatments of other
diseases.

EDTA-dependent pseudothrombocytopenia
(false positive result) may mimic
thrombocytopenia and prevent physicians
from treatment with anticoagulants,
antiaggregants and fibrinolytic therapy [24].

Increased costs

Overuse of D-dimer tests in emergency
departments may trigger a large number of
CT scans to exclude pulmonary embolism
[23].

False positive test results may lead to
additional investigations and/or treatments
with a relevant increase of costs.

Adverse emotional effects Receiving a test result may lastingly affect
mental health, increase anxiety, stress and
depression.

Testing for human papillomavirus in women
with borderline or mildly dyskaryotic smear
test raises anxiety and distress and
diminishes health-related quality of life [25].

Adverse social effects

Results of medical tests may affect
relationships and social functioning.

Women tested positive for BRCA1 and
BRCA2 after having diagnosed for breast
cancer report on feelings of guilt and
disrupted family relationships [26].

Adverse cognitive effects

Receiving a test result influences patients’
believes, perceptions and understanding of
their condition what affects patients’ adaptive
behaviour.

Differences in patients’ perceptions are
associated with outcomes in patients with
chronic illnesses including self-management
behaviours and quality of life [27].

Adverse behavioural
effects

Test results affect risk perceptions and anxiety Results of genetic testing for BRCA1 and
BRCA2 affects adherence to follow-up
what influences patients’ behaviour, for
investigations and treatments [28].
example with regard to adherence to followups, investigations and treatments as well as
preventive lifestyle.
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Risks of premature implementation
Implementing medical tests prematurely, without taking into account all aspects of test
evaluation, may lead to an excess in costs, wrong diagnosis, unnecessary delays in starting appropriate treatment, or even hazardous therapy [8]. The dexamethasone suppression test is an example where the initial phases of evaluation haven’t been done
adequately [9]. It was introduced for the diagnosis of major depression, and disseminated rapidly after first optimistic results. It took several years until it was noticed, that
the test is subject to a large bio-variability, making it unreliable for more general application [9]. Two other tests are examples of inadequate diagnostic accuracy studies: the
carcinoembrionic antigen test as screening test for colon cancer and the 125I-fibrinogen
leg scan as a non-invasive diagnostic test for the diagnosis of deep vein thrombosis
[10,11]. Both were disseminated rapidly soon after first studies. However, conduction of
adequate accuracy studies years after introduction revealed serious limitations in accuracy, yielding no diagnostic value. The value of outcome studies is displayed with the
example of rapid resonance imaging (rapid MRI). Many clinicians have enthusiastically
received it. However, years later a randomised controlled trial revealed no benefit with
regard to clinical endpoints but an increase in costs and the number of spine operations
[12]. Thus, premature implementation of tests into clinical practice may not only cause
harm to our patients but can lead to significant costs to the public.
A phased approach to test evaluation
Our results call for sustained efforts to ensure a comprehensive evaluation of medical
tests before implementation. Some guidelines exist with regard to diagnostic accuracy
studies (STARD, QUADAS/QUADAS-2; [13,14]) but compliance is limited [6]. Not only
researchers or manufacturers of analytical devices but also regulatory authorities and
editors publishing these investigations should pay more attention to them. Furthermore, little attention is paid to other aspects of test evaluation. In contrast to drug
development there is no structured sequence of studies required for registration or
implementation [15]. There is a consensus that comprehensive studies of “analytical” or
“technical” performance should precede investigations of diagnostic accuracy. However, guidance on these technical issues is limited and no formal guideline exists. Some
authors suggest a phased evaluation according to FDA requirements for approval of
new drugs [8,16-19]. The characteristics to establish within the individual phases are
displayed in Table 2. A phased approach has a number of advantages: (1) all test characteristics are assigned to a particular study phase, (2) study aims are clearly defined in
every phase, (3) study design of a particular phase takes the results of the previous one
into account, (4) costly evaluation can be stopped after every phase if results are not
appropriate, (5) it simplifies review of the literature for assessing the value of a diagnostic test. Furthermore, implementing a phased approach may stimulate registration au-
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thorities, journal editors, and even responsibilities of health care providers to critically
assess the value of laboratory and medical tests. Thus, implementing a phased approach for evaluating medical tests has not only the potential to improve patient care
but even save relevant amount of costs to the public.
What are the implications regarding the tests mentioned in this thesis? There is a great
need for clinical studies of thromboelastometry analysis taking our results regarding
reproducibility and factors of impact into account. Furthermore, studies must be designed that fulfil the requirements of current guidelines. Physicians should interpret the
results of thromboelastometry carefully until these studies are available and take other
laboratory and clinical information into account for decision-making. Furthermore,
authors of current guidelines are advised to mention the uncertainties to avoid misinterpretations in clinical practice. With regard to the 4T’s score should physicians not
solely rely on clinical information to rule-out heparin-induced thrombocytopenia, particularly in special settings such as critically ill patients. We already planned a study
investigating the value of a diagnostic algorithm combining 4T’s score and rapid available immunoassay to determine the probability of heparin-induced thrombocytopenia at
bedside.
With our research, we expect to make a thoughtful contribution to the evaluation
of medical tests in the area of thrombosis and haemostasis. We hope that accuracy and
validity of test can be improved and decisions on patient’s diagnosis, prognosis and
treatment can be placed on a more secure foundation.
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Table 2: Proposal for a phased evaluation: criteria to establish during evaluation of a laboratory test
Phase of evaluation

Criteria

Explanation

Analytical
characteristics

Pre-analytical factors

Factors that influence measurements “before” actual
analysis like technique of blood drawing, stability
over time and influences of transport and sample
medium

Factors of impact

Influences of drugs, disease conditions and other
matrix effects (Selectivity)

Biological factors

Any kind of biological variation including circadian
variation, age, sex, weight and pregnancy

Technical accuracy

Characteristics like technical accuracy (degree of
closeness to the true value), precision (agreement
within and between series), reproducibility
(agreement between observers, devices, and
laboratories), linearity, limit of detection.

Sensitivity

True positive rate – the probability of a positive test
result in all patients with the target disease

Specificity

True negative rate – the probability of a negative test
result in all patients without the target disease

Positive predictive value

The probability of having the disease in all patients
tested positive

Negative predictive value

The probability of having not the disease in all
patients tested negative

Positive likelihood ratio

Quantifies, if a positive test results in targeted
patients meaningful changes the probability of
having a disease

Negative likelihood ratio

Quantifies, if a negative test results in targeted
patients meaningful changes the probability of
having not a disease

Diagnostic accuracy

Health outcomes

Relevant outcome parameters Outcome studies (mostly designed as randomised
of morbidity and morality
controlled trials) address the question whether
applying the test changes mortality or relevant
morbidity parameters (eg. length of stay, infection
rate).

Cost effectiveness

Cost effectiveness

Cost effectiveness analyses investigate whether
applying the test is cost-effectiveness for the health
care system compared with alternative pathways.

Decisions

Decision making algorithms

Decision-making analyses develop algorithms and
guidelines for decisions when and how to use the
medical test within diagnostic and treatment
pathways.

Organisational impact

Changes in health care

Has implementation of the test changed health care
in a specific setting?

Adapted from [8,16-18].
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Summary

Disorders of haemostasis contribute significantly to thromboembolism and bleeding,
which is a relevant part of the world’s healthcare burden. Laboratory tests as well as
clinical assessment scores are essential for diagnosis, prognosis and treatment of
thromboembolic and bleeding disorders. However, it is acknowledged that the use of
any medical test is an intervention that may bring significant harm to patients. For being
of value in clinical practice, tests have to demonstrate validity, accuracy and reliability. A
number of authors revealed serious limitations in knowledge of validity, accuracy and
reliability as well as clinical value of several tests used in the work-up of patients with a
bleeding tendency or thromboembolic disorders.
The research presented in this thesis should be seen as a contribution to this problem. The thesis comprises a series of projects, which were performed at Luzerner Kantonsspital, Lucerne, Switzerland in cooperation with several tertiary haematological
laboratories in Switzerland and the Cardiovascular Research Institute, Maastricht University Medical Center, The Netherlands. We aimed to investigate validity and accuracy
of laboratory parameters as well as clinical assessment tools used in a broad range of
situations for evaluation of haemostasis.
In Chapter 2, we report about a systematic review investigating the technical efficacy of thromboelastometry (ROTEM) and thromboelastography (TEG) analysis compared with established parameters of haemostasis. Using comprehensive retrieval
methods, no study of ROTEM and only four studies of TEG could be identified. Only one
study reported correlations properly and revealed only a week to moderate correlation
with established parameters of haemostasis. It was shown that evidence on the technical efficacy is sparse. The relationship between measurements of ROTEM and TEG and
established parameters of haemostasis remains ill understood and appears to be extremely limited. In view of the scarcity of the data further studies providing compelling
results are required to justify more upstream evaluations in specific clinical situations.
In Chapter 3, we present the results of a cross-sectional study investigating the
consistency of thromboelastometry analysis in different situations. Large differences in
the results of some parameters and lack of homogeneity were observed. Differences
appeared not only between analysers, but also between the different channels of the
same analyser, between morning and afternoon measurements and when measuring
four weeks apart. Furthermore, there was an inconsistency within individual tests. For
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the first time, discrimination could be made between parameters and situations, where
thromboelastometry analysis is reproducible and others, where it is not. Thus, the results provide essential prerequisites for studies on validity of thromboelastometry analysis.
In Chapter 4 we report on an in-vitro study investigating factors of influence on
thromboelastometry analysis. We identified haematocrit level (Hct) and platelet count
(PLT) as major, independent factors of influence on a broad range of parameters. Our
results emphasise, that Hct and PLT may act as relevant confounding variables. The
investigation suggests that readings of thromboelastometry parameters need to be
adjusted by Hct and PLT in clinical practice and future investigations. Within the appendix of Chapter 4, we discuss the significance of platelet count as a confounding variable
in a study employing thromboelastometry measurements in patients with myeloproliferative disorders.
Chapter 5 reports on a prospective cohort study investigating the accuracy of pointof-care (POCT) coagulometer if used by patients determining their INR level themselves.
Data on 543 patients trained for patient self-management between 2006 and 2009
within the “Coagulationcare” initiative in Switzerland were available for analysis. All
applied measures revealed a good level of agreement between capillary measurements
by the patients and venous measurements by certified laboratories using an established
reference method. These results confirmed that POCT coagulometers are reliable instruments and of value in patient self-management of oral anticoagulation.
In Chapter 6 we investigated the interobserver reliability of a clinical assessment
score in real-life practice. Three different physicians rated the 4Ts score, the most
common clinical assessment score for patients with suspected heparin-induced thrombocytopenia (HIT) in consecutive patients evaluated for suspected HIT. The investigation
showed not only a limited agreement of different observers but systematic differences
between different observer groups. This may limit application of results of validation
studies of 4Ts score to clinical practice and warrants further specification of items of 4Ts
score. The appendix of Chapter 6 discusses the value of the 4T’s score in critically ill
patients in view of a large diagnostic accuracy study
In Chapter 7 we present the results of a multicentre evaluation study investigating
the variability of laboratory tests between different laboratories. Data from eight laboratories measuring fibrinogen twice in twenty healthy subjects with one out of 3 different platforms and single measurements of PT, and coagulation factors II, V, VII, VIII, IX,
X, XI and XIII were analysed. Variance components that could be attributed to technicians or laboratory procedures were substantial, led to disappointingly low intraclass
correlation coefficients for several factors and were pronounced for some of the platforms. The results indicate that variability of coagulation parameters between specialised laboratories is substantial despite state-of-the-art coagulometers and reagents,
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great efforts to guarantee precision of laboratory tests and external quality assessment
programmes. The findings call for sustained effort to raise the level of standardisation
of structures and procedures involved in the quantification of coagulation factors.
Chapter 8 demonstrates the results of a literature survey. We assessed the methodological quality of studies evaluating diagnostic tests for venous thromboembolic
diseases and quantified the direction and impact of biased studies on average diagnostic performance. Diagnostic systematic reviews in five target conditions were searched;
two-by-two tables and the results of the reviews’ quality assessment for each primary
study were extracted. A meta-analysis, comparing the pooled diagnostic odds ratios of
studies unlikely to be biased with studies likely to be biased according to the QUADAS-2
quality items was performed. It was found that studies investigating diagnostic accuracy
of tests used to identify venous thromboembolic diseases are flawed by methodological
shortcomings. They are unlikely to report precise point estimates of test performance
and are often likely to be biased according to QUADAS-2. Biased studies tended to exaggerate test performance. Recommended guidelines to design and report diagnostic
tests should be systematically implemented.
In conclusion, disorders of haemostasis lead to thromboembolism and bleeding,
two eminent clinical challenges with substantial consequences for healthcare and societal burden. Decisions on diagnosis, prognosis and treatment depend on laboratory and
other medical tests, which must be valid, accurate and precise to be of clinical value.
Premature application in clinical practice may lead to wrong diagnosis, unnecessary
delays in starting appropriate treatment, or even hazardous therapy. The research presented in this thesis identified major problems in precision, accuracy and validity of
tests used in the work-up of patients with a bleeding tendency and thromboembolic
disorders. Our results call for concerted efforts to ensure appropriate evaluation studies
when evaluating medical tests. Furthermore, established guidelines to design and report diagnostic tests should be systematically adopted in the diagnostic literature. The
needs we identified in this thesis may promote a large number of studies, which may
bring the development of medical tests further, enhance validity, accuracy and precision and subsequently improve patient care.
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Samenvatting

Stoornissen in de hemostase dragen in belangrijke mate bij aan het onstaan van trombo-embolieën en bloedingen, hetgeen een belangrijke druk legt op de wereldwijde
gezondheidszorg. Zowel laboratoriumonderzoeken als klinische beoordelingsscores zijn
essentieel voor diagnose, prognose en behandeling van deze aandoeningen. Echter, het
is onderkend dat gebruik van medische tests de patiënt mogelijk schade toebrengt. Om
van belang te kunnen zijn in de klinische praktijk moeten tests valide, accuraat en betrouwbaar zijn. Een aantal auteurs heeft ernstige beperkingen aan het licht gebracht
met betrekking tot kennis van validiteit, nauwkeurigheid en betrouwbaarheid alsmede
klinische waarde van tests die gebruikt worden in de behandeling van patiënten die een
bloedingsneiging of trombo-embolieen hebben.
Het hier gepresenteerde onderzoek zou gezien moeten worden als een bijdrage
aan de oplossing van dit probleem. Dit proefschrift beschrijft een serie projecten, die
werden uitgevoerd bij het Luzerner Kantonsspital, Lucerne, Zwiterland en het hart- en
vaatcentrum, Maastricht University Medical Center+, Nederland. Voornaamste doelstelling was de validiteit en betrouwbaarheid te beoordelen van laboratorium tests en klinische beoordelingsinstrumenten die in vele situaties worden ingezet ter beoordeling van
de hemostase.
In hoofdstuk 2 rapporteren we de resultaten van een systematische review, waarin
de technische effectiviteit van trombo-elastometrie (ROTEM) en trombo-elastografie
(TEG) analyses worden vergeleken met de ‘gouden standaard’. De relatie tussen TEG en
ROTEM metingen en de ‘gouden standaard’ zijn zeer beperkt en bovendien onduidelijk.
Verdere studies die overtuigende resultaten zullen opleveren zijn nodig om tot een
betere evaluatie te komen.
In hoofdstuk 3 presenteren we de resultaten van van een cross-sectionele studie
waarin de trombo-elastometrie analyses in verschillende situaties wordt beoordeeld.
Grote verschillen in resultaten van enkele parameters en een gebrek aan homogeniteit
werden vastgesteld. Er bleken niet alleen verschillen te bestaan tussen verschillende
apparaten, maar zelfs tussen verschillende kanalen binnen hetzelfde apparaat, tussen
ochtend- en middagmetingen en tussen metingen uitgevoerd in periodes van 4 weken.
Bovendien was er inconsitentie binnen individuele tests. Voor de eerste keer kon er een
onderscheid worden gemaakt tussen parameters en situaties, waarin tromboelastometrie analyses reproduceerbaar zijn en waarin niet. De resultaten leveren dus
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belangrijke voorwaarden voor studies die de validiteit van trombo-elastometrie als
onderwerp hebben.
In hoofdstuk 4 rapporteren we de resultaten van een in vitro studie waarin de factoren die van invloed zijn op de trombo-elastometrie metingen onderzocht worden. We
ontdekten dat hematocrietwaarden (Hct) en trombocytenaantal (PLT) onafhankelijke
determinanten zijn van een groot aantal parameters. Onze bevindingen suggereren dat
bepalingen van trombo-elastometrie metingen moeten worden bijgesteld op grond van
Hct en PLT, zowel in de klinische paraktijk als in toekomstige klinische studies. In de
appendix van dit hoofdstuk bespreken we het belang van PLT als confounder in een
studie waarin trombo-elastometrie metingen worden uitgevoerd in patiënten die lijden
aan myeloproliferatieve aandoeningen.
In hoofdstuk 5 wordt een prospectieve cohort studie besproken waarin de nauwkeurigheid van de point of care (POCT) coagulometer beoordeeld wordt als deze gebruikt wordt door patiënten om hun INR te bepalen. Uit alle metingen bleek dat er
overeenstemming bestond tussen door patiënten uitgevoerde capillaire metingen in
vergelijking met door gecertificeerde laboratoria, die een erkende referentie methode
hanteerden, uitgevoerde veneuze metingen. Deze resultaten bevestigen dat POCT coagulometers betrouwbaar zijn en van waarde zijn voor patiënten die hun orale antistolling met een vitamine K antagonist zelf regelen.
In hoofdstuk 6 hebben we gekeken naar de inter-observator betrouwbaarheid van
klinische beoordelings scores in de dagelijkse praktijk. Drie verschillende artsen bepaalden de 4T’s score, de meest gebruikte klinische beoordelingsscore voor patiënten die
verdacht worden van heparine geinduceerde trombocytopenie (HIT), in opeenvolgende
patiënten die werden beoordeeld op mogelijke HIT. Dit onderzoekt toonde niet alleen
een beperkte inter-observator betrouwbaarheid aan, maar ook systematische verschillen tussen verschillende groepen beoordelaars. Deze bevindingen kunnen de toepassingsmogelijkheden van validatiestudies van 4T’s scores in de klinische praktijk beperken en rechtvaardigen verdere specificatie van onderdelen van de 4T’s score. In de
appendix wordt de waarde van de 4T’s score in ‘critically ill’ patiënten in het licht van
een grote diagnostische betrouwbaarheidsstudie besproken.
In hoofdstuk 7 presenteren we de resultaten van een multicentre studie, waarin de
variabiliteit van laboratorium tests uitgevoerd in verschillende laboratoria wordt geëvalueerd. Variantie die zou kunnen worden toegeschreven aan technici of laboratorium
procedures is substantieel en leidde tot teleurstellend lage intra-klasse correlatie coëfficiënten voor verschillende factoren; deze effecten waren ook sterk verschillend per
apparaat. De resultaten geven aan dat variantie van stollingsparameters tussen gespecialiseerde laboratoria aanzienlijk is, ondanks ‘state of the art’ coagulometers en reagentia, forse inspanningen teneinde precisie van laboratorium testen te garanderen en
externe kwaliteits beoordelingsprogramma’s. Deze bevindingen vragen om hernieuwde
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inspanningen met als doel verhoging van het niveau van standaardisatie van structuren
en procedures.
In hoofdstuk 8 presenteren we de resultaten van een literatuuronderzoek, waarin
we de methodologische kwaliteit beoordelen van studies die diagnostische tests voor
veneuze trombo-embolieën evalueren. We hebben het effect van biased studieresultaten op de gemiddelde diagnostische prestatie berekend. Gebleken is dat studies die de
diagnostische waarde van tests beoordelen van gebrekkige methodologische kwaliteit
zijn. Het is niet waarschijnlijk dat deze studies precieze puntschattingen presenteren en
de studieresultaten zijn vaak vertekend volgens QUADAS-2. Aanbevolen richtlijnen voor
het ontwerp van diagnostische tests en rapportage hierover zouden systematisch uitgevoerd moeten worden.
Samenvattend kunnen we stellen: stoornissen in de hemostase leidend tot het
ontstaan van trombo-embolieën en/of bloedingen, brengen uitdagingen met zich mee
die invloed hebben op de gezondheidszorg en leiden tot belasting van de samenleving.
Beslissingen die gevolgen hebben voor diagnose, prognose en behandeling zijn vaak
gebaseerd op medische tests die betrouwbaar en valide dienen te zijn om van waarde
te kunnen zijn voor de klinische praktijk. Vroegtijdige toepassing in de klinische praktijk
kan leiden tot verkeerde diagnoses, onnodige vertraging van de juiste behandeling of
zelfs gevaar voor de patiënt. In dit proefschrift worden grote problememen gesignaleerd met betrekking tot betrouwbaarheid en validiteit van diagnostische tests. De resultaten, gerapporteerd in dit proefschrift, nodigen uit tot een gezamenlijke inspanning
met als doel hoogwaardige evaluatiestudies uit te voeren. Bovendien dienen richtlijnen
die ontwerp en rapportage van diagnostische tests behandelen systematisch in de diagnostische literatuur opgenomen te worden. De behoeften die we in dit proefschrift
hebben vastgesteld zouden het ontstaan van nieuwe studies kunnen bevorderen. Deze
studies kunnen de ontwikkeling van medische tests vooruit helpen en de betrouwbaarheid en validiteit van deze tests verbeteren, zodat uiteindelijk betere patiëntenzorg
mogelijk wordt.
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Valorization addendum

Relevance
Hereditary and acquired disorders of haemostasis lead to thromboembolism and bleeding. Thromboembolism and bleeding contribute relevantly to the world’s healthcare
burden. In addition, these clinical challenges are associated with major consequences
for healthcare and public health expenditures. Improving patient care will not only lead
to a reduced morbidity, mortality and better quality of life in a large number of individuals, it has the potential to save costs and stabilize budgets of health insurances and
health care systems.
Laboratory tests and clinical assessment scores are essential for diagnosis, prognosis and treatment of patients with thromboembolic and bleeding disorders. However,
the clinical value of medical tests critically depends on validity, accuracy and precision.
Theses issues are under-researched by the scientific community and many validity aspects remain unclear. Often, the clinical value is uncertain, even in tests that are in
common use. Applying medical test without established clinical value may lead to excess in costs, wrong diagnosis, unnecessary delays in starting appropriate treatment, or
even hazardous therapy. In addition, it has been recognised that sophisticated and
expensive tests that are disseminated without suitable evaluations can subsequently be
found to have marginal clinical value and economic benefit.
In this thesis, we aimed to investigate the validity of diagnostic tests used in a
broad range of conditions in patients with haemostatic disorders. We aimed to identify
tests, settings and circumstances with an impaired validity and a major uncertainty in
terms of clinical value. The limitations identified can be targeted in a large number of
subsequent studies; some of them are already planned by our group. Thus, it is likely
that the results of our present and future studies will generate a considerable transfer
to the health care system.
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Innovation
The work presented in this thesis contributes to the discussion on the evaluation of
medical tests, particularly in the area of patients with bleeding and thromboembolic
disorders. It generated important new evidence in two main areas.
First, we identified a large extend of validity and accuracy problems in a broad range of
diagnostic tests. For example, thromboelastometry analysis is already in common use,
particularly in patients with a bleeding tendency. We identified important limitations in
reproducibility and major factors of impact that change thromboelastometry measurements. The reproducibility of a widely recommended clinical scoring system to rule-out
heparin-induced thrombocytopenia (the 4Ts score) was found to be unacceptable low
in real-life clinical practice. In addition, coagulation tests are often not comparable between different laboratories.
Second, evaluations of medical tests were found to be fragmentary and inadequate in
many cases. For example, technical validity of thromboelastometry analysis is not fully
established and important validity aspects like reproducibility and factors of impact are
insufficiently addressed. The interobserver reliability of the 4Ts score, an important
clinical scoring system was not tested in clinical practice. Notably, the methodological
quality of studies investigating medical tests for venous thromboembolic diseases is
limited and associated with a high risk of bias due to methodological shortcomings.

Target groups
Our findings are important for several target groups.
Physicians should be aware of the limitations of diagnostic tests that are in common
use. Misclassifications can bring serious harms to their patients. They are asked to critically review their decisions based on these tests and always take all information on
patient’s condition into account. And even more important, they are asked to think
twice about the possible consequences before ordering lab tests.
Researchers ought to consider all validity aspects and appropriate methodology while
studying medical tests. In addition, reporting methodological criteria and limitations
properly will promote knowledge on the value of medical tests among physicians caring
for respective patients. Furthermore, rational diagnostic pathways should be developed
taking this knowledge into account.
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Scientific societies are asked to mention all accuracy and validity aspects before giving
recommendations for or against a particular test. This attitude will promote efforts to
enhance the quality of test evaluations in scientific inquiry.
Finally, health care policy makers should recognise adequate evaluation studies as prerequisite for implementation of medical tests. Furthermore, rational diagnostic pathways should be requested based on these studies and implemented to improve efficient
diagnosis in clinical practice. This policy has the potential to save a relevant amount of
costs.

Activities
Our findings already stimulated further research projects and a continuation of our
successful collaboration between Maastricht (The Netherlands), Berne, and Lucerne
(Switzerland). Several projects regarding the diagnostic and prognostic value of laboratory tests in patients with bleeding and thromboembolic were planned, funding
achieved and are already under way. I started a research fellowship at Maastricht University under supervision of Prof. Hugo ten Cate (Cardiovascular) and Prof. Martin Prins/
Dr. Arina ten Cate (Epidemiology). Furthermore, a comprehensive research programme
including large prospective cohort studies was developed to be implemented in Switzerland after returning to Berne. This research programme was already submitted to
achieve funding.

Implementation
Getting evidence into practice is an important task to gain value in clinical practice. The
research programme planned includes several projects to address this issue. We will
develop rational diagnostic pathways, and investigate barriers of implementation using
qualitative research methods. Furthermore, we will present our results to national and
international meetings and develop guidance tools to be used in primary care.
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