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Readouts from the thrombin generation (TG) assay (TGA) have been used to predict the
effects of hemostatic drugs in hemophilic patients [1]. There is better correlation between an
individual’s bleeding tendency and his or her TG capacity compared with factor levels
measured using routine assays [2,3]. However, the clinical utility of TGA has not yet been
validated in multicenter studies because of lack of standardization. This report aims to
highlight variables that may impact directly on TGA reliability and steps to reduce TGA
variability within and between laboratories to improve precision of results. There are two
semi-automated (CAT, Stago, Asniéres, France; Technothrombin-TGA, Technoclone,
Vienna, Austria) and two fully-automated (CEVERON® alpha w. TGAm, Technoclone; ST-
Genesia, Stago) instruments that use fluorogenic thrombin substrates. Three instruments on
the market use chromogenic thrombin substrates: HemoScan Thrombin Generation Assay
(HemoScan, Groningen, the Netherlands), Pefakit in-TDT (Pentapharm, Aesch,
Switzerland) and Innovance ETP (Siemens Healthcare SAS, Erlangen, Deutschland).

Recommendations formulated here are valid for all the above-mentioned methods and are
based on objective data of the current literature and expert opinion.
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Pre-analytical variables

Venous blood collection

Blood should be drawn by direct venipuncture into a citrate anticoagulated tube. Blood
sampling through venous catheters modifies TG in platelet-rich plasma (PRP), but not in
platelet-poor plasma (PPP) (Fig. 1).

Data comparing different blood-drawing systems for TGA in PPP showed no significant
difference between Monovette-syringe tubes (Sarstedt, Orsay, France) and Vacutainer
vacuum tubes (Becton Dickinson, Meylan, France) containing sodium citrate 106 mM with
negative air pressure inside. However, when TG was measured in PRP from Vacutainer
tubes, peak and endogenous thrombin potential (ETP) were overestimated by 35% and
29.5%, respectively, compared with those obtained from Monovette tubes [4]. Needles used
for venipuncture (19— 21 gauge) showed no difference in TGA values [4]. The tourniquet
should be applied only long enough to locate a vein; ideally 60 s or less [5]. Prolonged
stasis, as may occur with long application of the tourniquet, may result in changes in
coagulation assays [5].

Contact system inhibition for TG testing

The need for contact pathway inhibition such as corn trypsin inhibitor (CTI) for blood
sampling is still debatable [6-9]. The presence of such inhibitors ensures the TGA proceeds
via tissue factor (TF) activity added to trigger the assay. The maximal effect of CTI occurs
when blood is collected into tubes preloaded with CTI [6]. CTI also eliminates the need for
immediate sample preparation and analysis for both PPP and PRP samples [10]. However,
because the cost of CTI is a barrier to its routine use, the need for CTI has been questioned
[8,11,12]. Advantages of CTI used at the final concentration of 1.45 uM have been
confirmed [13,14], and an official communication of the ISTH subcommittee on the control
of anticoagulation also emphasized the advantages of CTI for TGA triggered by low TF
concentrations (< 1 pM) [15]. Limited availability of tubes preloaded with CTI on the
market is a real limitation for clinical use.

Transport of blood samples to the laboratory

A recent study evaluating the effects of pneumatic tube transport on TGA showed that all
TGA parameters are significantly modified in both PPP and PRP samples compared with
hand-carrier transport [16]. Thus, pneumatic tubes should not be used prior to TGA. Whole
blood samples should be kept at room temperature (RT) [5].

PPP and PRP preparation for TG measurements

One of the most critical preanalytical steps is plasma sample preparation. Samples should be
processed as quickly as possible (ideally within 1 h of collection) [5].

PPP—We recommend double centrifugation [17,18]. With this approach, whole blood
samples (5 mL) are centrifuged (2500 x g, 15 min, RT) to obtain PPP. As soon as
centrifugation is complete, 1.5 mL of supernatant is collected, ensuring that the top surface
of the plasma where some light platelets may be found is not aspirated, and not too close to
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the platelet layer, taking care not to disturb the buffy coat. The collected plasma is then
recentrifuged (2500 x g, 15 min, RT) and 1200 uL of supernatant is then collected and
frozen at —80 °C immediately after collection. In frozen plasma at —80 °C, coagulation
proteins are stable for a minimum of 2 years [19]. Frozen plasma should be thawed at 37 °C
before testing; we recommend not using plasma that has been freezethawed more than once.

The preanalytical issue of remaining platelets and/or white cells may lead to incorrect
estimation of TG [4]. The quality of PPP samples can be evaluated for each sample by
measuring TG without any triggering agent. If plasma contains CTI, no TG should be
observed in the absence of TF and phospholipids.

PRP—PREP is usually obtained by a single centrifugation (150 x g, 10 min, RT), and by
collecting only the upper half of the PRP fraction [20]. The platelet count is then adjusted to
150 x 10%/L with autologous PPP [17]. We recommend using fresh PRP prepared within 30
min after venipuncture and not freezing samples.

A DVD demonstrating key steps that may interfere with TGA results has been evaluated
[14]. 1t significantly improved reproducibility by operators who watched it and is available
upon request.

Analytical variables

Reagents for TGA in patients with bleeding disorders

TGA is typically triggered by addition of TF and TGA results are highly dependent on the
TF concentration [17]. A major cause of inter-laboratory variation is the source and
concentration of TF used [9,21]. The TF source (e.g. plasma or placenta-derived human TF,
recombinant human TF, rabbit TF and also the content of phospholipids in TF reagents)
might be a significant source of variability between homemade reagents [21]. Use of a
standardized trigger reagent can significantly reduce inter-center variability [21]. The
absence of an international reference standard for TF is a major problem hampering
standardization; however, reagents with labeled TF may improve consistency of results. We
recommend commercially available, standardized reagents. Sensitivity of the assay to low
TF concentrations (i.e. <1 pM) is increased in plasmas prepared from blood collected into
contact pathway inhibitors [10-21]. Use of a low TF concentration (< 1 pM) can detect
hypocoagulability induced by factor V111 or IX deficiency and monitor hemostatic therapies
in hemophilia patients [18,22,23]. Other bleeding disorders may require different conditions:
in factor XI deficiency, correlation between TG and clinical bleeding risk was observed only
when coagulation was triggered by very low TF levels (0.5 pM) in the presence of platelets
[24,25].

Temperature of plasma samples

The importance of plate temperature for TGA was reported by De Smedt ef a/. [26]. A
recent international standardization study for TGA showed 29% higher area-under-the-curve
(AUC) values when plates were not pre-heated, compared with plates heated at 37 °C before
TGA. Differences were a result of decreased thrombin inactivation at lower temperatures
[27], suggesting antithrombin anticoagulant activity is not sufficiently detected without
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preheating. The use of non-preheated plates might therefore be a source of error when
bleeding risk is evaluated.

The need for thermostability in the fluorometer for reproducible TG measurement was
previously highlighted [28]. Although stability of the temperature in the device cannot be
controlled, investigators should be aware that this may induce inter-center variability.

The main source of variability remains the difference between the temperature of the plate as
it enters the fluorometer and the temperature in the fluorometer. If results are normalized
against a reference plasma, temperature is less important.

The use of a reference plasma to reduce inter-center variability of TGA

Normalization of TGA results against a reference plasma run in the same experiment
significantly improved intercenter variability of TGA [21]. Choice of the reference plasma
should be carefully determined, and batch-to-batch variability of reference plasmas
considered [14].

Interpretation of the results

Abnormal AUC and peak values were reported in both hemophilia and factor XI deficiency
[18,24,25]; abnormal time-to-peak was also observed in hemophilia [18]. When AUC is not
automatically calculated by the dedicated software, operators can manually determine the
tail start point, which can be a major source of variability. The best way to tackle this is to
analyze fluorescence curves by hand in an Excel sheet [29].

Variation of the method

Assay precision has substantially improved in the last decade. Multicenter standardization
exercises between expert laboratories reported intra- and inter-assay variability < 10% [13].

Standardized test conditions may improve inter-center variability [21]. However, a recent
survey on TGA performed in ‘real-life’ conditions reported acceptable intercenter
variability: < 10% for normal and hypercoagulable plasma samples, whereas variability was
still high (56%) for heparinized plasma samples [30]. New generation fully-automated
devices for TGA reduce variability by offering thermostability, and may improve results.
However, such devices may not overcome variability caused by pre-analytical assay steps
that are crucial for reliable, comparable results.

Final remarks

In addition to pre-analytical and analytical variables, certain aspects of TGA may cause
variability between centers.

1 Use of different methods and fluorometers for measuring TG can induce
variability between centers.
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2. Use of standardized, commercially available reagents is preferable to home-made
reagents. Low TF concentrations (i.e. < 1 pM) are suitable for TG measurement
in both PPP and PRP.

3. Taking great care during plasma preparation can reduce assay imprecision.

4, Normalization of results against a standardized reference plasma significantly
reduces inter-center variability and is highly suitable for multicenter clinical
trials
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Fig. 1.

(Ag Thrombin generation measured in platelet-rich plasma (PRP) from six healthy
volunteers, using tissue factor (TF) 1 pM. Blood samples were obtained by direct
venepuncture and from a venous catheter at time 0 and 4 h after catheter introduction.
Thrombin generation was significantly higher in samples drawn from catheters compared
with direct venipuncture (P=0.0043; Mann-Whitney (-test). (B) Similar experiment in
platelet-poor plasma (PPP) from the same volunteers using TF 1 pM and phospholipids 4
UM. Thrombin generation was not significantly different in samples drawn from catheters
compared with direct venipuncture (P> 0.05; Mann-Whitney (-test). ETP, endogenous
thrombin potential.
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