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SUMMARY 

Introduction: The most commonly used test for monitoring heparin therapy is the activated partial thromboplastin time (aPTT). The response of available aPTT reagents to heparin varies significantly. The aim of this study was to highlight the differences between aPTT reagents stored in a dried format in order to select the most suitable formulations to be used for the development of point of care diagnostic devices used for monitoring of unfractionated heparin dose response. 

Methods: Ten reagents were analysed in terms of their performance in liquid and in dried form after storage for 24 h and 14 days. Performance was assessed by measurement of the clotting time (CT) as evidenced by the onset of thrombin formation using a chromogenic thrombin substrate in plasma samples activated with these formulations. 

Results: Reagents in all of the three forms tested (liquid, 24 h and 14 days) resulted in significant shortening of CTs in comparison to the non-activated plasma CT. Liquids returned more rapid CTs in comparison to dried reagents. Most reagents were more sensitive to heparin in dried, rather than in liquid form. Dried reagents based on kaolin as a surface activator were notably more effective in achieving short CT than others, while dried reagents composed of silica and synthetic phospholipids were the most sensitive to heparin. 

Conclusion: Two reagents, namely aPTT-SP and SynthASIL which are both based on synthetic phospholipids and silica, were identified as promising candidates for incorporation into point of care diagnostic device platforms as dried reagents.
INTRODUCTION

There is an increasing requirement for reliable point-of-care devices for monitoring the effect of drugs which regulate blood coagulation (Khan 2009). Since the first application of partial thromboplastin time (aPTT) for monitoring anticoagulant therapy (Struver & Bittner 1962), it has become the most popular test for heparin dose monitoring (Gaworski et al. 1987) and long term therapy adjustment (Bowers & Ferguson 1993). aPTT is determined in a sample which clotting is artificially induced by triggering with a surface activator and phospholipids. 
There have been several point-of-care devices developed to monitor aPTT, e.g. the CoaguCheck® Pro (Roche). In general, such devices contain dry formulations that selectively induce the clotting process. The accuracy and reliability of the CT values returned by such instruments are highly influenced by the quality of the dried chemistry. There are a growing number of ready-to-use aPTT reagent kits available in liquid or lyophilized forms. A number of studies have identified that aPTT reagents vary significantly in their responsiveness to heparin (Kitchen et al. 1999, Banez, Triplett & Koepke 1980). Different aPTT reagents often return different aPTT values with normal patient plasmas. There is an urgent need for the standardization of aPTT-based monitoring systems for heparin therapy in clinical settings (Poller, Thomson & Taberner 1989, Kitchen et al. 1996). 
The varying responsiveness of aPTT reagents is dependent upon the composition of particular constituents of the formulation, which are the type of a surface activator and the source and concentration of phospholipids (Ts'ao et al. 1998, Kitchen et al. 1999). Negatively charged substances supported by phospholipids bring about the surface-dependent activation of factor XII which is the first step of the contact activation pathway leading to the eventual formation of the insoluble fibrin clot (Griffin & Cochrane 1979). Several reports provide a detailed characterization of aPTT reagents (Stevenson, Poller & Thomson 1991, Kitchen et al. 1999, Martin, Branch & Rodgers 1992). These are extremely informative sources of data on aPTT reagent composition and performance in clinical and laboratory settings. The differences in their sensitivity to heparin and lupus antibodies have been shown (Eby 1997, Manzato et al. 1998). However, there is very little data regarding the use of available aPTT formulations for the purpose of diagnostic device development. 
Due to the wide variety of aPTT products available and the accompanying variety of formulations and physical characteristics, an assessment of the performance of the aPTT formulations in a dried form and their short term stability was required to allow the development of point of care devices utilising these reagents. Evaluation of the dried-surface reagents would allow selection of the most suitable activators to be incorporated into a coagulation monitoring assay. The effect of drying and resolubilization on their activity is of particular relevance.   

The comparison between the aPTT reagents in regard to their ability to induce reduction in plasma clotting time (CT) was achieved by measuring the rate onset of thrombin formation in plasma triggered with aPTT reagents, which is the penultimate endpoint of the complex coagulation cascade (van Veen, Gatt & Makris 2008). Assays of thrombin generation may take several forms. However, the only parameter considered in the thrombin formation assay used here was the lag time (LT), which was taken as the time prior to the occurrence of the thrombin burst (observed as a rapid increase in the measured absorbance) followed by the propagation phase (Wolberg 2007) and was herein referred to as the clotting time (CT). Other assays such as the endogenous thrombin potential (ETP) measure the full thrombin activity of the sample created over the course of clot formation. However, these assays must take into account the changing kinetics of the enzyme assay under increasingly substrate limiting conditions and are not appropriate to this study (Varadi, Turecek & Schwarz 2004).

This study includes a comparison of a variety of aPTT formulations in (i) liquid, (ii) dried and stored for 24 h and (iii) dried and stored for 14 days. These were analysed in terms of their stability upon prolonged exposure to typical laboratory conditions and their responsiveness to heparin.

MATERIALS AND METHODS

Measurement of thrombin generation. Ten aPTT reagents were studied (Table 1). Assays were carried out in quintuplicate using 96-well polystyrene microassay plates (655096, Greiner BioOne, Germany). All assays were carried out with commercially available, normal pooled plasma (Hemosil 0020003710, Instrumentation Laboratory, USA). Each test contained 50 µL aPTT reagent, 50 µL plasma, 50 µL colorimetric thrombin substrate (H-D-Phenylalanyl-L-pipecolyl-L-arginine-p-nitroanilinedihydrochloride, S-2238, Chromogenix, USA, prepared by dilution 1:4 with Tris.HCl pH 8.3) and 50 µL 25 mM CaCl2 (100989, BioData, Netherlands). aPTT reagent was pre-incubated with plasma for 3 or 5 min. according to manufacturer recommendations. Subsequently, colorimetric substrate and CaCl2 were added. Measurement was started immediately after CaCl2 addition. The amount of generated thrombin was determined colorimetrically by measuring the release of p-nitroaniline (pNA) from the chromogenic substrate on a Tecan Infinite M200 (Tecan Group Ltd., Switzerland) at 405 nm with measurements made every 30 s for 1 h at 37ºC. Thrombin formation measurement yielded absorbance profiles which related to the generation of thrombin following activation of the intrinsic clotting cascade.  aPTT reagents were analysed in both liquid and dried forms. In this regard, 50 µL of aPTT reagent were pipetted into the 96 well plates and either analysed immediately or left to dry under the prevailing laboratory conditions of temperature and humidity. Under these conditions, the small reagent volume dried in a matter of hours.  These samples were stored under the same conditions and analysed after 24 h and 14 days. The dried reagent was reconstituted in 50 µL of water prior to analysis. Thrombin generation profiles for dried reagents at 24 h and 14 days were compared to those for liquid controls and performed concurrently. 
Plasmas to which no APTT reagents had been added were used to establish clotting times in the absence of activation by exogenous reagents. (Lo, Denney & Diamond 2005). For this control 50 µL of water was added instead of aPTT reagent. Addition of CaCl2 to reverse the effect of citrate allowed clotting despite of the absence of an activator. For this reason, corn trypsin inhibitor was not added. In most assays that require inhibition of the surface-induced coagulation (intrinsic pathway), corn trypsin inhibitor is employed.These are mainly investigations of TF-induced clotting (Mann et al. 2007, Dargaud et al. 2010).
Reagents were analysed in terms of their sensitivity to heparin using spiked plasma samples. It has been shown that the response from ex vivo samples from patients on heparin therapy differs from in vitro plasma samples spiked with heparin (Jespersen, Bertina & Haverkate 1999, van den Besselaar, Meeuwissebraun & Bertina 1990). However, heparin-spiked samples were used herein for the purpose of a performance comparison between reagents and not for the aPTT clinical reference standardization. Plasma was spiked with heparin (H0777-100KU from bovine intestinal mucosa, Sigma-Aldrich, Germany) to establish final concentrations in the range from 0 to 2 U/mL, as calculated from manufacturer activity data. 

Data Analysis. The activity of the aPTT reagents was determined by their ability to induce clotting of plasma. The lag time (LT), observed as a rapid increase in the measured absorbance, was the time prior to the occurrence of the thrombin burst and was herein referred to as the clotting time (CT) . 
CT values were related to heparin concentration and the resulting correlations provided useful information about the dry and liquid reagent sensitivity to heparin. The slope value was used as an indicator of heparin sensitivity wherein the intercept indicated the normal CT and the R2 parameter the linearity of the correlation. Intra-assay (within-run) coefficient of variation (CV) was determined with n=5, where five wells were tested for each form of reagent on one occasion, while the inter-assay CV was determined with n=3, where each reagent form was tested in quintuplicate in three independent experiments on different days. Paired t-tests were performed on liquid, 24 h and 14 days dried samples and statistical significance was determined at the 95% confidence limit.

RESULTS 

Clotting time extraction. Fig. 1 shows a representative colorimetric thrombin generation measurement with profiles for plasma samples with and without activation by Cephalinex aPTT reagent. The average LT for plasma without reagent was found to be 1943 s with a %CV of 15.6%. Addition of liquid Cephalinex aPTT reagent resulted in the rapid onset of the thrombin burst resulting in a CT of 100 s. In comparison, when reagent was dried, an increase in the CT of 170 s was noted, which suggests that, for this reagent at least, drying did result in increased CT. However, there was no further increase in the CT with prolonged storage observed; both 24 h and 14 days dried reagent returned a CT of 300 s.

Fig. 1.

Comparison of aPTT reagent activities in liquid and dried forms. The additional assays supplemented with the remaining nine APTT assay reagents generated thrombin formation profiles typical of those illustrated in Fig. 1 from which CT values were extracted. The performance of aPTT reagents in their liquid and 24 h / 14 day dried forms was assessed by measuring thrombin generation according to their CT values (Fig. 2).

Fig. 2.

The CT values derived for the aPTT reagents in their liquid forms using the chromogenic thrombin assay were between 41 ±12.8 s [C.K. Prest 2] and 161 ±23.8 s [SynthASIL].  The liquid state was recommended by manufacturers to be used for plasma CT assays. In addition to comparisons of reagent activity in their liquid forms, the stability of the ready-to-use formulations was also assessed following drying and storage for 24 h and 14 days. Short term storage (24 h) did affect the activity of most reagents. CTs obtained for Platelin LS after 24 h were prolonged from 95 ±21.3 s in liquid to 468 ±15.9 s for 24 h. CTs of the majority of dried reagents were at least twice as long as that for the equivalent liquid reagent: Alexin (85 ±7.1 s to 180 ±52.3 s), Cephalinex (110 ±9.8 s to 288 ±55 s), C.K. Prest 2 (41 ±12.8 s to 96 ±15.9 s), aPTT-P (72 ±11.3 s to 218 ±19.3 s) and aPTT-SA (83 ±1.4 s to 184 ±24.2 s) for liquid and 24 h dried CTs, respectively. Prologation in CT due to drying for 24 h was less obvious for SynthASIL (161 ±23.8 s to 194 ±54.0 s), Dapttin (95 ±1.1 s to 126 ±6.3 s) and Alexin HS (131 ±35 s to 174 ±18 s) for liquid and 24 h dried CTs, respectively. The only exception was aPTT-SP which proved to be the most stable out of all analysed reagents; the difference between liquid and 24 h reagent was 10 s.

Statistically significant prolongation in CT was observed for all tested reagents stored for 14 days (based on paired t-tests). For some reagents, 24 h storage did not affect CT as compared to liquid reagents. These were: aPTT-SP, SynthASIL and Alexin HS. Deterioration in the ability to effectively activate clotting for two out of the ten reagents had mostly occurred following 24 h of storage, after which time no statistically significant further deterioration was observed. These reagents were Cephalinex and aPTT-SA. The remaining reagents experienced significant prolongations in CT between liquid and 24 h and 24 h and 14 days of storage, which would be an indication of lack of dried reagent stability.     

For all reagents stored for 14 days, the CT values gradually increased with one exception; Cephalinex which returned a CT of around 284 s for 24 h and 14 day measurements. The ability of Platelin LS and Alexin to activate plasma clotting decreased dramatically to 1566 ±415.7 s and 850 ±130.7 s for 14 days Platelin LS and Alexin, respectively. The effect of strongly prolonged CTs was not as strongly manifested for the other eight reagents as it was for Platelin LS and Alexin. The CTs of reagents stored for 14 days were: 200 ±17.3 s for Dapttin, 252 ±18.2 s for Alexin HS, 268 ±22.9 s for C.K.Prest2, 266 ±33.8 s for aPTT-SP, 284 ±19.1 s for Cephalinex, 293 ±43.0 s for SynthASIL, 314 ±127.1 s for aPTT-SA to 438 ±135.2 s for aPTT-P.

The within-run %CV was maintained at ≤ 15% for all tested reagents (n = 5), while significant differences in the inter-assay variability (n = 3) was noticed. It was observed that reagents that were more affected by the storage time and conditions, resulting in a prolonged CT (in comparison to a liquid control) were also the least precise (highest %CV for between-assay variability). These were Platelin LS, Alexin, aPTT-P and aPTT-SA which yielded CTs of 1566 s (26.5%), 850 s (15.4%), 438 s (30.9%) and 314 s (40.5%) respectively. The remaining six reagents resulted in CTs < 300 s and %CV of less than 15%. 

Heparin sensitivity. The effect of the drying process and storage of the aPTT reagents was also evaluated for its effect on the response to heparin. The effect of heparin addition (0 – 2 U/mL) on plasma CT triggered by all ten aPTT reagents in their liquid and dried forms was evaluated by measuring the onset of thrombin formation. Reagent sensitivity to heparin was assessed on the basis of the derived calibration curves. For example, the results for aPTT-P are shown in Fig. 3. The correlation between plasma CT and heparin concentration was found to be linear for liquid and dried reagent with R2 > 0.98. However, the sensitivity to heparin was significantly different as evidenced by changes in slope. The 14 day form was found to be the most responsive to anticoagulant in which the CT increased by 392 s upon addition of heparin at 2 U/mL. In comparison, CT values for liquid and 24 h dried reagent were prolonged by 127 s and 150 s, respectively. The slope values illustrate the difference in heparin sensitivity: 62.2, 72.8 and 193.6 s.mL.U-1 for liquid, 24 h and 14 days dried, respectively. However, it must also be taken into account that the base CT (0 U/mL heparin) was significantly increased due to drying from liquid (72 ±11 s) to 24 h (218 ±19 s) and 14 days (438 ±135 s), which suggested a significant deterioration in reagent activity. Furthermore, this reagent at 14 days yielded elevated %CV in comparison to the two other tested forms (31% in comparison to 16% and 12% for liquid and 24 h dried reagent, respectively). 

Fig. 3.

Similar analyses were performed for the other reagents, the results of which are summarised in Table 2.  Addition of heparin resulted in the prolongation of CT for all tested reagents. Some of these were significantly affected by the presence of heparin in the sample, while others were less sensitive to its effect. The values obtained for liquid reagents increased from 41 – 161 s for 0 U/mL heparin to 102 – 286 s, 130 – 348 s, 139 – 405 s and 199 – 810 s for 0.5, 0.75, 1 and 2 U/mL of heparin, respectively. CTs obtained for 24 h dried reagent changed from 88 – 468 s to 138 – 602 s, 208 – 737 s, 186 – 880 s and 258 – 946 s with an increased heparin concentration. 14 day dried reagents returned an increase in CT from 200 – 1566 s to 256 – 1517 s, 262 – 1439 s, 280 – 1705 s and 369 s – > 1 h with increasing heparin concentrations, respectively. Although the issue of an increased base CT (0 U/mL heparin) occurred for all 14 day dried reagents, this form was generally the most responsive to heparin. The exceptions were Cephalinex, Dapttin and Alexin-HS for which the liquid form was the most sensitive to heparin and Platelin LS which was significantly affected by the drying process and 14 days of storage under typical laboratory conditions resulted in the significantly diminished potential to activate plasma clotting; CT values obtained for plasma with 0 – 1 U/mL heparin were 1566 – 1640 s as compared to 1943 s for non-activated plasma. Generally, a trend of prolonged CT with increased heparin concentration was observed. However, there was great variation in the CT values for different aPTT reagents which suggested significant differences in reagent quality. 

The slope values in Table 2 indicate the differences in heparin sensitivity of the tested reagents both in liquid and dried forms. It should be noted that the slope values obtained for 14 day dried Platelin LS, Alexin and C.K. Prest 2 were quite high, but since no CT was obtained for 2 U/mL heparin and the correlation was based on only four data points, these reagents were excluded from the comparison of slope values for the 14 day dried reagents. SynthASIL yielded the highest slope values of 327.5, 312.1 and 443.1 s.mL.U-1 for liquid, 24 h and 14 day dried forms, respectively. The non-heparinized plasma CTs of 161 ±24, 194 ±54 and 293 ±43 s were prolonged to 810 ±36, 806 ±35 and 1170 ±94 s, respectively, upon addition of 2 U/mL of heparin. The least responsive to heparin were aPTT-SA in liquid form (56.2 s.mL.U-1), Alexin in 24 h dried form (48.7 s.mL.U-1) and Cephalinex as 14 day dried reagent (56.5 s.mL.U-1). The shortest CTs were achieved for Dapttin with 95 ±1 s for non-heparinized plasma triggered with liquid reagent and 369 ±21 s for 2 U/mL heparin in plasma triggered with 14 day dried reagent. The longest CTs were obtained for 14 day dried C.K. Prest 2, Platelin LS and Alexin for which an addition of heparin at 2 U/mL resulted in an enormously prolonged CT with which it was not possible to extract a lag time.

DISCUSSION

Among several methodological factors influencing the aPTT performance, the reagent composition is one of the most commonly cited (Manzato et al. 1998, Shetty, Ghosh & Mohanty 2003, Wojtkowski, Rutledge & Matthews 1999). The available surface area of the negatively charged surface activators might be reduced due to dehydration following drying. The surface activation may be influenced by the type of activator used. Drying processes may have influenced the orientation and distribution of phospholipids. Some classes of phospholipids are of particular importance, and depending on their ratios and the total concentration of lipids, clotting can be promoted or inhibited (Slater, Stevenson & Poller 1980, Comfurius et al. 1994). Liquid reagents containing phospholipids derived from rabbit brain cephalin (C.K. Prest 2, aPTT-P, aPTT-SA and Alexin) returned the shortest CTs varying between 41 – 85 s. However, their ability to induce rapid clotting in plasma was significantly impacted by the drying process. The chicken and porcine-derived phospholipids used in Platelin LS gave an extremely prolonged CT in dried form (up to 1566 s for 14 days dried reagent). APTT-SP (silica and synthetic phospholipids) was the only reagent for which the absolute CT did not increase after 24 h following drying. However, prolonged storage under standard laboratory conditions did result in the reagent’s eventual deterioration. Another reagent which performed reasonably well was Cephalinex (containing silica activator and rabbit brain phospholipids). Despite the fact that the 24 h drying did influence the reagent’s ability to shorten plasma CT, the long term storage did not seem to affect its activity. However, Cephalinex was shown to be less sensitive to heparin than aPTT-SP in all three tested forms. 

It has been also shown that the type and concentration of surface activator plays a major role in the effectiveness of aPTT reagents (Marlar et al. 1984). Reagents based on kaolin, (C.K. Prest 2) or kaolin/sulfatides (Dapttin) were shown to return rapid CTs in all three tested forms, not exceeding 100 s for liquid, 130 s for 24 h dried and 300 s for 14 day dried forms. They were always among the five reagents with the shortest CTs. The combination of traditionally-used kaolin and rabbit brain cephalin extract (C.K. Prest 2) seemed to achieve short CTs. However, it should be taken into account that the use of insoluble particulates such as kaolin or silica for automated devices employing photo-optical detection may be problematic. The use of a soluble ellagic acid or a mixture of low concentration insoluble activators such as kaolin and sulfatides i.e. Dapttin (Moritz & Lang 1995) may be a solution for devices based on optical detection systems. 

Heparin plays a role in the positive-feedback inhibition of thrombin (Beguin, Lindhout & Hemker 1988) and was used here to obtain prolonged CTs and determine the responsiveness of the reagents to heparin. Very good linear correlations between CT and heparin concentration were found for nine out of the ten tested reagents within the heparin range of 0 – 2 U/mL (R2 ≥ 0.83). Platelin LS was the only reagent on which the drying process had a dramatic negative impact resulting in significant loss of activity. High variation and no correlation with increased heparin concentrations were also found for the 14 day dried samples (R2 = 0.02). Even though most of the reagents tested responded to addition of heparin by returning prolonged CTs, the deterioration of control clotting values (base CT) also had to be taken into account when selecting a stable, dry formulation which was responsive to heparin. Another important factor was differentiation between heparin doses. SynthASIL performed very well in this respect by allowing good discrimination between samples of different heparin levels, at least 600 s difference between non-heparinized and heparinized (2 U/mL) samples was obtained with all three forms of this reagent. In comparison, aPTT-SA, Alexin and Cephalinex returned insignificant CT differences when tested over a range of heparin concentrations. The use of these reagents in an anticoagulant monitoring device may result in the diminished discrimination between heparin levels. Although the reasons for the variable heparin sensitivity of the tested aPTT reagents have not been determined, the nature of surface activator and lipid composition seem to play a major role. The relationship between aPTT reagent lipid composition and heparin sensitivity was thoroughly investigated by Kitchen et al. (1999). Van den Besselaar et al. (1997) described a method of aPTT formulation preparation consisting of colloidal silica and synthetic phospholipids and suggested that the synthetic reagents should form a foundation for aPTT standardization of heparin therapeutic control. In fact, in our study, synthetic phospholipid-based reagents (SynthASIL and aPTT-SP) performed extremely well in terms of both heparin response and dried reagent stability. Additional benefits of such homogeneous materials based on synthetic phospholipids includes minimized batch-to-batch variability which leads to improvements in test CVs (Okuda & Yamamoto 2004). Both aPTT-SP and SynthASIL which are both based on synthetic phospholipids and silica and are both manufactured by Hemosil, were identified as promising candidates for incorporation into point of care diagnostic device platforms as dried reagents.
This study was performed to establish, on a reasonably short term basis, which APTT reagents would possess appropriate levels of stability in a dried form up to a period of some two weeks.  The purpse of this was to allow the development of point of care platforms in the laboratory. As a consequence, these reagents remain far from optmised for the specific purpose required and their performance may be further improved by the addition of appropriate stbilisers and the improvement in the drying and storage methods used. Nonetheless, the study was a robust comparative assessment of the reagents tested. 


TABLES

Table 1. Panel of aPTT reagents including the manufacturers and the composition*.

[image: image1.emf]Reagent Producer Surface Activator Source of 

phospholipids

APTT-SP Hemosil Colloidal silica Synthetic

Cephalinex BioData Microsilica Rabbit brain

SynthASIL Hemosil Colloidal silica Synthetic

Platelin LS

BioMerieux

Micronized silica Porcine + chicken

C. K. Prest 2 Diagnostica Stago Kaolin Rabbit brain

Dapttin Technoclone Synthetic kaolin+sulfatides Unknown

Alexin AMAX / Trinity Biotech Ellagic acid Rabbit brain

Alexin-HS AMAX / Trinity Biotech Ellagic acid Rabbit brain + soy

APTT-SA Helena BioSciences Ellagic acid Rabbit brain

APTT-P Biopool Magnesium-aluminium-silicate Rabbit brain


*Data is according to available manufacturer’s information.


Table 2. aPTT reagents in liquid and dried forms (24 h and 14 days) characterized in terms of their heparin sensitivity (slope), normal derived CT (intercept), linear correlation with heparin from 0 to 2 U/ml (R2), the largest standard deviation (SD) obtained for the same reagent treated with five different concentrations of heparin (Max. SD) and the largest percentage coefficient of variation (CV) obtained for five different heparin concentrations (Max. CV).


[image: image2.emf]Reagent Form

Slope [s.mL.U

-1

]

Intercept [s]

R

2

Max. SD [s] Max. CV [%]

Liquid 113.6 107.2 0.99 48 33

24 h 84.0 96.2 0.99 63 44

14 days 134.3 289.2 0.96 96 20

Liquid 65.5 117.3 0.98 23 9

24 h 57.8 261.6 0.83 68 22

14 days 56.5 284.4 0.98 35 10

Liquid 95.0 51.9 0.98 22 31

24 h 118.7 112.7 0.97 74 22

14 days 561.8 249.0 0.99 106 13

Liquid 327.5 123.6 0.98 36 15

24 h 312.1 148.4 0.97 54 28

14 days 443.1 260.2 0.99 94 15

Liquid 68.6 103.6 0.98 22 22

24 h 244.6 518.6 0.85 137 15

14 days (-53.2) 1516 0.02 416 27

Liquid 62.2 77.5 0.99 11 16

24 h 72.8 223.7 0.99 37 12

14 days 193.6 457.4 0.99 135 31

Liquid 56.2 103.7 0.90 51 25

24 h 83.8 196.0 0.98 84 29

14 days 131.1 345.8 0.95 237 49

Liquid 105.1 96.3 1.0 49 16

24 h 79.1 140.8 0.96 30 14

14 days 82.1 203.6 0.99 49 17

Liquid 61.4 86.6 1.0 7 8

24 h 48.7 172.2 0.97 80 34

14 days 829.5 867.4 0.98 359 27

Liquid 114.5 138.9 0.99 35 27

24 h 83.3 118.8 0.95 49 14

14 days 91.7 263.1 0.98 55 12

Alexin-HS

Alexin

Dapttin

aPTT-SA

Cephalinex

aPTT-SP

aPTT-P

Platelin LS

SynthASIL

C.K. Prest 2



FIGURE LEGENDS

Fig. 1. Thrombin generation assay clotting profiles of Cephalinex in liquid (circles) and dried for 24 h (triangles) and 14 days (squares). Plasma in the absence of APTT reagent is indicated as diamonds (n = 3). Error bars represent standard deviations.
Fig. 2. CT values obtained from plasmas activated with aPTT reagent; liquid (white), dried for 24 h (grey) and dried for 14 days (black) (n = 5). Error bars represent standard deviations.
Fig. 3. Relationship between heparin concentration and obtained CT for aPTT-P (n = 5). Plasma spiked with heparin (0 – 2 U/mL) was triggered with liquid (circles), 24 h dried (reversed triangles) and 14 days dried (squares) reagent. The trend line parameters obtained were as follows: y = 62.182x + 77.545, R2 = 0.9881, y = 72.818x +223.7, R2 = 0.9883 and y = 193.64x + 457.41, R2 = 0.9858 for liquid, 24 h and 14 day dried reagents, respectively. Error bars represent standard deviations.
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						aPTT-SP [Hemosil]														Cephalinex [BioData]

		24h

						CT		SD		RSD		% red. in CT		SD		RSD				CT		SD		RSD		% red. in CT		SD		RSD

				blank		1922		325		17										2186		481		22												0				aPTT-SP [silica/synthetic PL]		a

				dried 0U		88		39		44		95		2		2				288		55		19		87		3		4						0.5				Cephalinex [silica/rabbit brain PL]		b

				liquid 0U		82		39		48		96		2		2				116		9		8		95		1		1						0.75				C.K.Prest2 [kaolin/rabbit brain PL]		c

				dried 0.5U		138		42		30		93		2		2				272		58		21		87		4		4						1				SynthASIL [silica/synthetic PL]		d

				liquid 0.5U		152		62		41		92		3		3				150		0		0		93		1		2						2				Platelin LS [silica/porcine &chicken PL]		e

				dried 0.75U		168		53		32		91		3		3				288		55		19		87		3		4

				liquid 0.75U		178		54		31		91		3		3				180		6		3		92		2		2

				dried 1U		186		57		31		90		3		3				316		68		22		85		4		4

				liquid 1U		204		52		26		89		3		3				194		9		5		91		2		2

				dried 2U		258		63		25		86		3		4				390		68		17		82		3		4

				liquid 2U		318		61		19		83		3		4				258		6		2		88		3		3

		2 weeks

						CT		SD		RSD		% red. in CT		SD		RSD				CT		SD		RSD		% red. in CT		SD		RSD

				blank		1816		155		9										1914		53		3

				dried 0U		266		34		13		85		1		1				284		19		7		85		1		2

				liquid 0U		114		16		14		94		0		0				104		7		7		95		0		0

				dried 0.5U		360		43		12		80		2		3				316		28		9		83		2		2

				liquid 0.5U		188		20		11		90		1		1				150		0		0		92		0		0

				dried 0.75U		413		49		12		77		3		4				332		35		10		83		2		3

				liquid 0.75U		222		22		10		88		0		0				164		12		8		91		0		0

				dried 1U		436		87		20		76		5		6				330		10		3		83		1		1

				liquid 1U		238		27		11		87		1		1				187		6		3		90		0		0

				dried 2U		542		96		18		70		5		8				400		24		6		79		2		2

				liquid 2U		342		39		12		81		1		1				227		23		10		88		1		1

						C.K.Prest 2 [Stago D.]														SynthASIL [Hemosil]

		24h

						CT		SD		RSD		% red. in CT		SD		RSD				CT		SD		RSD		% red. in CT		SD		RSD

				blank		1973		84		4										2612		639		24

				dried 0U		96		16		17		95		1		1				194		54		28		92		4		4

				liquid 0U		42		10		25		98		1		1				150		26		17		94		2		2

				dried 0.5U		172		21		12		91		1		1				296		43		15		88		4		5

				liquid 0.5U		106		15		14		95		1		1				288		12		4		88		3		4

				dried 0.75U		220		35		16		89		2		2				351		8		2		86		4		5

				liquid 0.75U		136		15		11		93		1		1				358		24		7		86		3		4

				dried 1U		242		36		15		88		2		2				421		12		3		83		4		5

				liquid 1U		162		16		10		92		1		1				408		16		4		84		4		5

				dried 2U		338		74		22		83		3		4				806		35		4		68		7		10

				liquid 2U		232		15		7		88		1		1				810		40		5		67		10		14

		2 weeks

						CT		SD		RSD		% red. in CT		SD		RSD				CT		SD		RSD		% red. in CT		SD		RSD

				blank		2148		136		6										1859		163		9

				dried 0U		268		23		8		87		1		2				293		43		15		84		3		4

				liquid 0U		40		17		43		98		1		1				172		19		11		91		1		1

				dried 0.5U		500		21		4		77		2		2				470		67		14		74		5		7

				liquid 0.5U		98		19		20		95		1		1				284		12		4		85		1		1

				dried 0.75U		654		22		3		69		2		4				581		32		5		68		4		6

				liquid 0.75U		124		27		22		94		2		2				338		21		6		82		2		2

				dried 1U		838		106		13		61		7		12				671		48		7		64		5		8

				liquid 1U		150		30		20		93		2		2				402		24		6		78		1		1

				dried 2U																1170		94		8		36		10		27

				liquid 2U		236		30		13		89		2		2				796		28		4		57		2		4

						Platelin LS [Bx]

		24h

						CT		SD		RSD		% red. in CT		SD		RSD

				blank		2484		469		19

				dried 0U		468		16		3		81		4		5

				liquid 0U		82		14		17		97		0		0

				dried 0.5U		602		18		3		75		5		7

				liquid 0.5U		140		17		12		94		0		0

				dried 0.75U		737		97		13		69		11		16

				liquid 0.75U		150		12		8		94		1		1

				dried 1U		880		97		11		63		11		17

				liquid 1U		170		12		7		93		1		1

				dried 2U		946		137		15		61		11		17

				liquid 2U		232		14		6		90		1		2

		2 weeks

						CT		SD		RSD		% red. in CT		SD		RSD

				blank		1272		572		45

				dried 0U		1566		416		27		-47		78		-168

				liquid 0U		108		21		19		90		5		5

				dried 0.5U		1517		367		24		-26		22		-85

				liquid 0.5U		140		7		5		88		5		6

				dried 0.75U		1222		53		4		-9		42		-486

				liquid 0.75U		166		14		8		85		6		7

				dried 1U		1640		87		5		-43		45		-107

				liquid 1U		196		24		12		82		8		10

				dried 2U

				liquid 2U		240						88
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C.K.Prest 2 [Stago D.]

SynthASIL [Hemosil]

Platelin LS [Bx]

CT values for dried over 24h

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		38.574603044		38.574603044		54.4426303553		54.4426303553		15.8745078664		15.8745078664

		0		0		0		42		42		43.4050688284		43.4050688284		18.4323085912		18.4323085912

		0		0		0		53.3291665039		53.3291665039		7.9372539332		7.9372539332		97.0412283517		97.0412283517

		0		0		0		57.236352085		57.236352085		11.7189305542		11.7189305542		97.1802449061		97.1802449061

		0		0		0		63.4980314656		63.4980314656		35.1567916625		35.1567916625		137.3283777423		137.3283777423
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		0		0		0		39.0384425919		39.0384425919		26.1533936612		26.1533936612		13.8564064606		13.8564064606

		0		0		0		62.449979984		62.449979984		12		12		17.3205080757		17.3205080757

		0		0		0		54.4426303553		54.4426303553		24.248711306		24.248711306		12		12

		0		0		0		52.3067873225		52.3067873225		15.8745078664		15.8745078664		12.2780291578		12.2780291578

		0		0		0		60.8933493906		60.8933493906		40.0343602422		40.0343602422		13.8564064606		13.8564064606
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SynthASIL [Hemosil]

Platelin LS [Bx]

Heparin [units]

CT [s]

CT for 24h liquid

0
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		0		0		0		34.1174442185		34.1174442185		42.9272640638		42.9272640638		415.6921938165		415.6921938165

		0		0		0		43.2666153056		43.2666153056		67.4388612003		67.4388612003		366.6174209354		366.6174209354

		0		0		0		49.1807889323		49.1807889323		31.6872739966		31.6872739966		53.4048999		53.4048999

		0		0		0		87.4299719776		87.4299719776		48.0702610769		48.0702610769		86.6025403784		86.6025403784

		0		0		0		96.2496753241		96.2496753241		93.7229961109		93.7229961109		NaN		NaN
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CT for 2weeks dried
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		0		0		0		15.8745078664		15.8745078664		19.287301522		19.287301522		20.7846096908		20.7846096908

		0		0		0		19.843134833		19.843134833		12.4899959968		12.4899959968		6.9282032303		6.9282032303

		0		0		0		21.6333076528		21.6333076528		21.0713075057		21.0713075057		13.8564064606		13.8564064606

		0		0		0		27.0554985169		27.0554985169		24		24		24.248711306		24.248711306

		0		0		0		39.3446311458		39.3446311458		28.3548937575		28.3548937575		0		0
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						aPTT-SP														Cephalinex

																																				Heparin
[U/mL]		aPTT-SP		Cephalinex		C.K.Prest 2		SynthASIL		Platelin LS

				Heparin [U]		CT		SD		RSD		% red. in CT		SD		RSD				CT		SD		RSD		% red. in CT		SD		RSD

		24h		blank		1922		325		17										2186		481		22										24h

				0		88		39		44		95		1.90		2.00				288		55		19		87		3.14		3.63						0		0.89		2.95		2.38		1.62		6.30

				0.5		138		42		30		93		2.11		2.28				272		58		21		87		3.83		4.39						0.5		0.80		2.04		1.71		1.39		5.49

				0.75		168		53		32		91		2.59		2.84				288		55		19		87		3.45		3.99						0.75		0.83		1.88		1.72		1.36		5.96

				1		186		57		31		90		2.98		3.30				316		68		22		85		3.56		4.17						1		0.83		1.87		1.57		1.40		6.16

				2		258		63		25		86		3.23		3.74				390		68		17		82		3.28		4.01						2		0.77		1.81		1.47		1.34		5.17

		2 weeks		blank		1816		155		9										1914		53		3										2 weeks

				0		266		34		13		85		0.70		0.82				284		19		7		85		1.44		1.69						0		2.54		2.54		7.23		1.74		10.79

				0.5		360		43		12		80		2.37		2.96				316		28		9		83		1.93		2.31						0.5		1.98		2.08		5.42		1.57		7.09

				0.75		413		49		12		77		3.41		4.41				332		35		10		83		2.32		2.81						0.75		1.93		1.90		5.56		1.60		5.06

				1		436		87		20		76		4.69		6.18				330		10		3		83		1.03		1.25						1		1.84		1.71		5.94		1.58		5.88

				2		542		96		18		70		5.33		7.61				400		24		6		79		1.86		2.36						2		1.54		1.63		-		1.38		-

		liquid		blank		1869		235		13										2050		341		17												Heparin
[U/mL]		aPTT-P		aPTT SA		Dapttin		TriniCLOT		TriniCLOT HS

				0		98		32		33		95		1.62		1.71				110		10		9		95		0.86		0.91

				0.5		170		46		27		91		2.37		2.61				150		0		0		93		0.99		1.07				24h

				0.75		200		44		22		89		2.34		2.62				172		12		7		91		1.16		1.26						0		2.92		2.68		1.37		1.91		1.73

				1		221		42		19		88		2.19		2.49				190		8		4		91		1.05		1.16						0.5		2.37		2.18		1.28		1.48		1.49

				2		330		48		14		82		2.27		2.76				242		23		9		88		1.79		2.03						0.75		2.02		2.01		1.22		1.38		1.53

																																				1		2.06		2.00		1.19		1.31		1.41

						C.K.Prest 2														SynthASIL																2		1.79		2.12		0.98		1.19		1.24

				Heparin [U]		CT		SD		RSD		% red. in CT		SD		RSD				CT		SD		RSD		% red. in CT		SD		RSD				2 weeks

		24h		blank		1973		84		4										2612		639		24												0		5.67		2.94		1.64		8.44		1.74

				0		96		16		17		95		1.01		1.06				194		54		28		92		3.93		4.27						0.5		4.76		2.43		1.33		9.77		1.42

				0.5		172		21		12		91		1.01		1.11				296		43		15		88		4.31		4.90						0.75		4.28		2.30		1.13		8.93		1.28

				0.75		220		35		16		89		1.90		2.14				351		8		2		86		3.89		4.53						1		4.52		2.19		1.11		9.66		1.32

				1		242		36		15		88		1.74		1.99				421		12		3		83		3.84		4.61						2		3.89		2.25		0.93		-		1.09

				2		338		74		22		83		3.30		3.99				806		35		4		68		7.02		10.32

		2 weeks		blank		2148		136		6										1859		163		9

				0		268		23		8		87		1.47		1.68				293		43		15		84		3.21		3.82

				0.5		500		21		4		77		1.71		2.23				470		67		14		74		5.36		7.20

				0.75		654		22		3		69		2.43		3.50				581		32		5		68		4.32		6.31

				1		838		106		13		61		7.17		11.81				671		48		7		64		5.01		7.87

				2		x		x		x		x		x		x				1170		94		8		36		10.02		27.45

		liquid		blank		2060		139		7										2236		587		26

				0		41		13		31		98		0.68		0.69				161		24		15		92		2.32		2.51

				0.5		102		16		16		95		0.98		1.03				286		11		4		87		3.07		3.54

				0.75		130		21		16		94		1.28		1.37				348		23		7		84		3.25		3.87

				1		156		22		14		92		1.46		1.58				405		18		5		81		3.86		4.76

				2		234		21		9		89		1.48		1.67				810		36		4		57		2.05		3.61

						Platelin LS														APTT-P

						CT		SD		RSD		% red. in CT		SD		RSD				CT		SD		RSD		% red. in CT		SD		RSD

		24h		blank		2484		469		19										1876		386		21

				0		468		16		3		81		3.66		4.54				218		19		9		88		2.73		3.10

				0.5		602		18		3		75		5.03		6.69				270		10		4		85		2.21		2.59

				0.75		737		97		13		69		10.87		15.76				276		10		4		85		2.27		2.67

				1		880		97		11		63		10.69		16.90				296		37		12		84		1.53		1.81

				2		946		137		15		61		10.51		17.31				368		9		2		80		3.28		4.10

		2 weeks		blank		1272		572		45										1812		67		4

				0		1566		416		27		-47		78.24		-168.07				438		135		31		76		8.13		10.75

				0.5		1517		367		24		-26		22.01		-85.21				562		63		11		69		4.22		6.13

				0.75		1222		53		4		-9		42.10		-486.43				606		37		6		67		1.67		2.50

				1		1640		87		5		-43		45.45		-106.83				674		49		7		63		3.99		6.36

				2		x		x		x		x		x		x				830		23		3		54		2.81		5.19

		liquid		blank		1878		812		43										1844		227		12

				0		95		21		22		93		4.75		5.09				72		11		16		96		0.71		0.74

				0.5		140		12		8		91		4.84		5.32				110		3		3		94		0.30		0.32

				0.75		158		15		9		89		6.21		6.94				132		0		0		93		0.18		0.19

				1		183		22		12		88		7.75		8.85				139		7		5		92		0.57		0.61

				2		234		12		5		90		1.84		2.05				199		7		4		89		0.12		0.13

						aPTT-SA														Dapttin

						CT		SD		RSD		% red. in CT		SD		RSD				CT		SD		RSD		% red. in CT		SD		RSD

		24h		blank		2348		285		12										2010		182		9

				0		184		24		13		92		0.84		0.91				126		6		5		94		0.68		0.73

				0.5		250		57		23		89		2.56		2.86				186		16		9		91		0.72		0.79

				0.75		260		75		29		89		3.37		3.79				212		30		14		89		0.66		0.74

				1		284		58		21		88		2.90		3.30				226		19		9		89		0.10		0.11

				2		358		84		23		85		3.86		4.56				290		15		5		86		0.81		0.95

		2 weeks		blank		1522		319		21										1509		345		23

				0		314		127		41		78		13.27		17.04				200		17		9		86		2.34		2.71

				0.5		434		185		43		69		19.08		27.52				256		23		9		83		2.27		2.75

				0.75		462		186		40		67		19.54		29.00				262		23		9		82		2.36		2.86

				1		484		237		49		66		23.55		35.91				280		49		17		81		1.32		1.63

				2		592		200		34		58		22.48		38.53				369		21		6		75		5.12		6.84

		liquid		blank		1852		240		13										1760		264		16

				0		83		1		2		96		1.91		2.00				95		1		1		95		1.20		1.27

				0.5		139		5		4		93		2.76		2.99				150		3		2		91		1.60		1.75

				0.75		156		8		5		92		2.94		3.21				180		3		2		90		1.95		2.17

				1		172		6		3		91		3.46		3.81				196		3		1		89		2.47		2.77

				2		204		51		25		89		1.53		1.72				307		49		16		83		6.48		7.85

						Triniclot-S														Triniclot-HS

						CT		SD		RSD		% red. in CT		SD		RSD				CT		SD		RSD		% red. in CT		SD		RSD

		24h		blank		1754		80		5										2529		102		4

				0		180		52		29		90		3.54		3.95				174		18		10		93		0.98		1.05

				0.5		190		64		34		89		4.27		4.79				234		16		7		91		0.93		1.02

				0.75		208		54		26		88		3.70		4.21				274		28		10		89		1.58		1.78

				1		216		43		20		88		3.08		3.52				268		39		14		89		1.40		1.57

				2		274		80		29		84		5.41		6.42				348		49		14		86		1.87		2.17

		2 weeks		blank		1640		225		14										1754		52		3

				0		850		131		15		48		8.99		18.85				252		18		7		86		1.45		1.70

				0.5		1342		359		27		18		21.73		122.46				322		9		3		82		0.93		1.14

				0.75		1439		222		15		12		12.07		101.64				330		16		5		81		1.47		1.81

				1		1705		254		15		-5		15.77		-341.55				360		26		7		79		2.11		2.66

				2		x		x		x		x		x		x				442		55		12		75		3.82		5.11

		liquid		blank		1657		24		1										2142		77		3

				0		85		7		8		95		0.72		0.76				131		35		27		94		3.33		3.54

				0.5		116		6		5		93		0.74		0.79				204		6		3		90		2.79		3.09

				0.75		136		3		2		92		0.31		0.34				233		4		2		89		2.67		3.00

				1		149		1		1		91		0.44		0.48				247		4		2		88		3.26		3.68

				2		208		0		0		88		0.68		0.78				366		11		3		83		3.98		4.80

				avarage of blanks

				1943		303.6056110972		15.6262583076

		MULTIPLIER VALUES

				24h		2 weeks		liquid																		Min %CV		Max %CV

		aPTT-SP		0.99		0.93		0.96																24h		3		44.00

		Cephalinex		1.13		0.99		1.06																2 weeks		7		41.00

		C.K.Prest2		1.02		1.11		1.06																liquid		1		33.00

		SynthASIL		1.34		0.96		1.15

		Platelin LS		1.28		0.65		0.97

		aPTT-P		0.97		0.93		0.95

		aPTT-SA		1.21		0.78		0.95

		Dapttin		1.03		0.78		0.91

		Triniclot-S		0.90		0.84		0.85

		Triniclot-HS		1.30		0.90		1.10





		0		0		0		3.5397367756		3.5397367756		8.9927548655		8.9927548655		0.7216359792		0.7216359792

		0.5		0.5		0.5		4.2659392757		4.2659392757		21.726157636		21.726157636		0.735271789		0.735271789

		0.75		0.75		0.75		3.7047367394		3.7047367394		12.0672805732		12.0672805732		0.3104052431		0.3104052431

		1		1		1		3.079092301		3.079092301		15.772298411		15.772298411		0.4384428061		0.4384428061

		2		2		2		5.409507429		5.409507429		0		0		0.6839904685		0.6839904685



24h

2 weeks

liquid

Heparin [U]

Reduction in clotting time [%]

a

89.6316457267

47.7184938597

94.9529865004

89.0388152327

17.7416848414

93.1101994092

88.0295795237

11.8723068114

91.9296369144

87.5954658622

-4.6177959345

91.1547181647

84.2156489264

0

87.6411341986



		0		0		0		1.9043914532		1.9043914532		0.6965821343		0.6965821343		1.6173260183		1.6173260183

		0		0		0		3.1395034033		3.1395034033		1.440675564		1.440675564		0.8577213291		0.8577213291

		0		0		0		1.0106318281		1.0106318281		1.4684588749		1.4684588749		0.6799456843		0.6799456843

		0		0		0		3.9279652803		3.9279652803		3.212834252		3.212834252		2.31772296		2.31772296

		0		0		0		3.6609670137		3.6609670137		78.2359065372		78.2359065372		4.752090546		4.752090546

		0		0		0		2.725559966		2.725559966		8.1331109344		8.1331109344		0.7095796596		0.7095796596

		0		0		0		0.8405435195		0.8405435195		13.2664726706		13.2664726706		1.9108545104		1.9108545104

		0		0		0		0.6833358603		0.6833358603		2.3421789915		2.3421789915		1.1975950403		1.1975950403

		0		0		0		3.5397367756		3.5397367756		8.9927548655		8.9927548655		0.7216359792		0.7216359792

		0		0		0		0.9771488893		0.9771488893		1.453647869		1.453647869		3.3256144426		3.3256144426
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																																Reagent		Form				Intercept [s]				Max. SD [s]		Max. CV [%]				Reagent		Form		Slope		Intercept				Max. SD [s]		Max. RSD [%]

																																aPTT-SP		Liquid		113.6		107.2		0.99		48		33				aPTT-SP		L		113.6		107.2		0.99		48		33

				Heparin [U]		CT		SD		RSD		% red. in CT		SD		RSD		circle - 24 h																24 h		84.0		96.2		0.99		63		44						24 h		84		96.2		0.99		63		44

		24h		blank		1754		80		5								square - 2 weeks																14 days		134.3		289.2		0.96		96		20						2 w		134.3		289.2		0.96		96		20

				0		180		52		29		90		4		4		triangle - liquid														Cephalinex		Liquid		65.5		117.3		0.98		23		9				Cephalinex		L		65.5		117.3		0.98		23		9

				0.5		190		64		34		89		4		5																		24 h		57.8		261.6		0.83		68		22						24 h		57.8		261.6		0.83		68		22

				0.75		208		54		26		88		4		4																		14 days		56.5		284.4		0.98		35		10						2 w		56.5		284.4		0.98		35		10

				1		216		43		20		88		3		4																C.K. Prest 2		Liquid		95.0		51.9		0.98		22		31				C.K.Prest 2		L		95		51.9		0.98		22		31

				2		274		80		29		84		5		6																		24 h		118.7		112.7		0.97		74		22						24 h		118.7		112.7		0.97		74		22

																																		14 days		561.8		249.0		0.99		106		13						2 w		561.8		249.0		0.99		106		13

		2 weeks		blank		1640		225		14																						SynthASIL		Liquid		327.5		123.6		0.98		36		15				SynthASIL		L		327.5		123.6		0.98		36		15

				0		850		131		15		48		9		19																		24 h		312.1		148.4		0.97		54		28						24 h		312.1		148.4		0.97		54		28

				0.5		1342		359		27		18		22		122																		14 days		443.1		260.2		0.99		94		15						2 w		443.1		260.2		0.99		94		15

				0.75		1439		222		15		12		12		102																Platelin LS		Liquid		68.6		103.6		0.98		22		22				Platelin LS		L		68.6		103.6		0.98		22		22

				1		1705		254		15		-5		16		-342																		24 h		244.6		518.6		0.85		137		15						24 h		244.6		518.6		0.85		137		15

				2		x		x		x		x		x		x																		14 days		(-53.2)		1516		0.02		416		27						2 w		-53.2		1516		0.02		416		27

																																aPTT-P		Liquid		62.2		77.5		0.99		11		16				aPTT-P		L		62.2		77.5		0.99		11		16

		liquid		blank		1657		24		1																								24 h		72.8		223.7		0.99		37		12						24 h		72.8		223.7		0.99		37		12														REAGENT		MULTIPLIER VALUE

				0		85		7		8		95		1		1																		14 days		193.6		457.4		0.99		135		31						2 w		193.6		457.4		0.99		135		31																24h		2 weeks		liquid

				0.5		116		6		5		93		1		1																aPTT-SA		Liquid		56.2		103.7		0.90		51		25				aPTT-SA		L		56.2		103.7		0.90		51		25														aPTT-SP		0.99		0.93		0.96

				0.75		136		3		2		92		0		0																		24 h		83.8		196.0		0.98		84		29						24 h		83.8		196.0		0.98		84		29														Cephalinex		1.13		0.99		1.06

				1		149		1		1		91		0		0																		14 days		131.1		345.8		0.95		237		49						2 w		131.1		345.8		0.95		237		49														C.K.Prest2		1.02		1.11		1.06

				2		208		0		0		88		1		1																Dapttin		Liquid		105.1		96.3		1.0		49		16				Dapttin		L		105.1		96.3		1.0		49		16														SynthASIL		1.34		0.96		1.15

																																		24 h		79.1		140.8		0.96		30		14						24 h		79.1		140.8		0.96		30		14														Platelin LS		1.28		0.65		0.97

																																		14 days		82.1		203.6		0.99		49		17						2 w		82.1		203.6		0.99		49		17														aPTT-P		0.97		0.93		0.95

																																Alexin		Liquid		61.4		86.6		1.0		7		8				Triniclot-S		L		61.4		86.6		1.0		7		8														aPTT-SA		1.21		0.78		0.95

																																		24 h		48.7		172.2		0.97		80		34						24 h		48.7		172.2		0.97		80		34														Dapttin		1.03		0.78		0.91

																																		14 days		829.5		867.4		0.98		359		27						2 w		829.5		867.4		0.98		359		27														Triniclot S		0.90		0.84		0.85

																																Alexin-HS		Liquid		114.5		138.9		0.99		35		27				Triniclot-HS		L		114.5		138.9		0.99		35		27														Triniclot HS		1.30		0.90		1.10

																																		24 h		83.3		118.8		0.95		49		14						24 h		83.3		118.8		0.95		49		14

																																		14 days		91.7		263.1		0.98		55		12						2 w		91.7		263.1		0.98		55		12

																																				113.6		84.0		134.3

																																				65.5		57.8		56.5

																																				95.0		118.7		561.8

		24h																																		327.5		312.1		443.1

		Reagent		Heparin sensitivity
(slope)		Normal CT
(intercept)				RSD %		SD

		aPTT-SP		-4.43		94.97		0.99		3.74		3.23

		Cephalinex		-2.62		87.72		0.84		4.39		3.83																								68.6		244.6		(-53.2)

		C.K.Prest2		-5.99		94.26		0.97		3.99		3.30																								62.2		72.8		193.6

		SynthASIL		-12.19		93.78		0.97		10.32		7.02																								56.2		83.8		131.1

		Platelin LS		-10.22		78.45		0.84		17.31		10.87																								105.1		79.1		82.1

		aPTT-P		-3.93		87.8		0.99		4.10		3.28																								61.4		48.7		829.5

		aPTT-SA		-3.61		91.62		0.98		4.56		3.86																								114.5		83.3		91.7

		Dapttin		-5.64		86.29		0.98		0.95		0.81

		Alexin		-2.8		90.09		0.97		6.42		5.41

		Alexin-HS		-3.28		92.51		0.95		2.17		1.87

		2 weeks

		Reagent		Heparin sensitivity
(slope)		Normal CT
(intercept)				RSD %		SD

		aPTT-SP		-7.45		84.06		0.96		7.61		5.33

		Cephalinex		-2.95		85.11		0.98		2.81		2.32

		C.K.Prest2		-26.38		88.41		0.99		11.81		7.17

		SynthASIL		-24.04		85.87		0.99		27.45		10.02

		Platelin LS		13.83		-38.67		0.12		-486.43		78.24

		aPTT-P		-10.64		74.63		0.99		10.75		8.13

		aPTT-SA		-9.21		75.53		0.94		38.53		23.55

		Dapttin		-6.35		94.3		1		6.84		5.12

		Alexin		-22.11		33.34		0.63		-341.55		21.73

		Alexin-HS		-5.25		84.98		0.98		5.11		3.82

		liquid

		Reagent		Heparin sensitivity
(slope)		Normal CT
(intercept)				RSD %		SD

		aPTT-SP		-6.13		94.25		0.99		2.76		2.37

		Cephalinex		-3.24		94.18		0.98		2.03		1.79

		C.K.Prest2		-4.63		97.45		0.98		1.67		1.48

		SynthASIL		-17.92		95.37		0.96		4.76		3.86

		Platelin LS		-1.71		91.69		0.36		8.85		7.75

		aPTT-P		-3.43		95.81		0.99		0.74		0.71

		aPTT-SA		-3.09		94.49		0.89		3.81		3.46

		Dapttin		-3.94		92.99		0.97		7.85		6.48

		Alexin		-3.65		94.86		1		0.78		0.68

		Alexin-HS		-5.4		93.14		0.99		4.80		3.98
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(b)
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24 h

2 weeks

CT [s]
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0

0

0
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15.8745078664

415.6921938165
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0

0

0
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11.313708499

19.287301522

19.287301522

135.233132035

135.233132035

0

0

0
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24.248711306

24.248711306

127.3263523392

127.3263523392

0

0

0

1.4142135624

1.4142135624

6

6

17.3205080757

17.3205080757

0

0

0

7.0710678119

7.0710678119

52.3067873225

52.3067873225

130.6751697914

130.6751697914

0

0

0

35.3553390593

35.3553390593

18

18

18

18



		0		0		0		3.5397367756		3.5397367756		8.9927548655		8.9927548655		0.7216359792		0.7216359792

		0.5		0.5		0.5		4.2659392757		4.2659392757		21.726157636		21.726157636		0.735271789		0.735271789

		0.75		0.75		0.75		3.7047367394		3.7047367394		12.0672805732		12.0672805732		0.3104052431		0.3104052431

		1		1		1		3.079092301		3.079092301		15.772298411		15.772298411		0.4384428061		0.4384428061

		2		2		2		5.409507429		5.409507429		0		0		0.6839904685		0.6839904685



24h

2 weeks

liquid

Heparin [U]

Reduction in clotting time [%]

e

89.6316457267

47.7184938597

94.9529865004

89.0388152327

17.7416848414

93.1101994092

88.0295795237

11.8723068114

91.9296369144

87.5954658622

-4.6177959345

91.1547181647

84.2156489264

0

87.6411341986



		0		0		0		0.9771488893		0.9771488893		35.3553390593		35.3553390593		3.3256144426		3.3256144426

		0.5		0.5		0.5		0.929641437		0.929641437		5.6568542495		5.6568542495		2.7940525178		2.7940525178

		0.75		0.75		0.75		1.5849651732		1.5849651732		4.2426406871		4.2426406871		2.6745344965		2.6745344965

		1		1		1		1.4049232756		1.4049232756		4.2426406871		4.2426406871		3.2571635986		3.2571635986

		2		2		2		1.8708794649		1.8708794649		11.313708499		11.313708499		3.9767581429		3.9767581429



% Red-24h

% Red-2week

%Red-Liq

Heparin Conc (U/ml)

% Reduction in Clotting Time

Heparin Dose Response Curve - Triniclot-HS

93.0963905594

85.6044085479

93.8832684825

90.7268280752

81.6260987316

90.4747081712

89.1252010201

81.1570955826

89.1206225681

89.4069547808

79.4346369879

88.46692607

86.236578769

74.7635713885

82.9105058366



		0		0		0		2.725559966		2.725559966		8.1331109344		8.1331109344		0.7095796596		0.7095796596

		0.5		0.5		0.5		2.2110756938		2.2110756938		4.224501876		4.224501876		0.2998739556		0.2998739556

		0.75		0.75		0.75		2.2714913603		2.2714913603		1.6656962514		1.6656962514		0.1757307975		0.1757307975

		1		1		1		1.5252996312		1.5252996312		3.9857739903		3.9857739903		0.5686289158		0.5686289158

		2		2		2		3.2803184102		3.2803184102		2.8098353584		2.8098353584		0.1186515707		0.1186515707



% Red-24h

% Red-2week

%Red-Liq

Heparin Conc (U/ml)

% Reduction in Clotting Time

Heparin Dose Response Curve - APTT-P

88.0356266714

75.6407526976

96.0954446855

85.3041421542

68.9028104974

94.0347071584

84.9760180653

66.5574460247

92.84164859

84.0423303509

62.7066088862

92.4620390456

79.9338197879

54.126545095

89.2082429501



		0		0		0		0.8405435195		0.8405435195		16.5337112922		16.5337112922		1.9108545104		1.9108545104

		0.5		0.5		0.5		2.5550570527		2.5550570527		23.6401715142		23.6401715142		2.7634101001		2.7634101001

		0.75		0.75		0.75		3.3668488696		3.3668488696		23.9619206975		23.9619206975		2.9433022612		2.9433022612

		1		1		1		2.8961384757		2.8961384757		29.6261052327		29.6261052327		3.4603256573		3.4603256573

		2		2		2		3.8584806122		3.8584806122		25.8546452408		25.8546452408		1.5329477188		1.5329477188



% Red-24h

% Red-2week

% Red-Liq

Heparin Conc (U/ml)

Reduction in clotting time [%]

Heparin Dose Response Curve - APTT-SA

92.1455988631

74.2526757275

95.5183585313

89.3037832031

64.0067659802

92.5215982721

88.8771407511

61.7712228223

91.5766738661

87.7979011887

59.3724652304

90.7127429806

84.6659100994

50.7943102459

88.9848812095



		0		0		0		2.3421789915		2.3421789915		1.1975950403		1.1975950403		0.6833358603		0.6833358603

		0.5		0.5		0.5		2.2740455413		2.2740455413		1.5971046408		1.5971046408		0.7161785638		0.7161785638

		0.75		0.75		0.75		2.3562146339		2.3562146339		1.9493659397		1.9493659397		0.664901912		0.664901912

		1		1		1		1.3226262384		1.3226262384		2.4656423405		2.4656423405		0.0967501039		0.0967501039

		2		2		2		5.1193510724		5.1193510724		6.4783397375		6.4783397375		0.8146222119		0.8146222119



% Red-2week

% Red-Liq

% Red-24h

Heparin Conc (U/ml)

% Reduction in Clotting Time

Heparin Dose Response Curve - Dapttin

86.4222903035

94.5976684674

93.6934942991

82.6969604152

91.4700028433

90.7227811312

82.286669492

89.764003412

89.4822266935

81.2902799562

88.8541370486

88.7520679633

74.8136297003

82.5419391527

85.5287279231



		aPTT-SP		-7.45		-6.13		3.2298790068		3.2298790068		5.3335956792		5.3335956792		2.3685590266		2.3685590266

		Cephalinex		-2.95		-3.24		3.8277209301		3.8277209301		2.3200222029		2.3200222029		1.789024578		1.789024578

		C.K.Prest2		-26.38		-4.63		3.3049593905		3.3049593905		7.1681837075		7.1681837075		1.4777751636		1.4777751636

		SynthASIL		-24.04		-17.92		7.0197719508		7.0197719508		10.0156042516		10.0156042516		3.86		3.86

		Platelin LS		13.83		-1.71		10.8689143777		10.8689143777		78.2359065372		78.2359065372		7.7539775058		7.7539775058

		aPTT-P		-10.64		-3.43		3.2803184102		3.2803184102		8.1331109344		8.1331109344		0.71		0.71

		aPTT-SA		-9.21		-3.09		3.8584806122		3.8584806122		23.55		23.55		3.46		3.46

		Dapttin		-6.35		-3.94		0.8146222119		0.8146222119		5.1193510724		5.1193510724		6.48		6.48

		Alexin		-22.11		-3.65		5.41		5.41		21.73		21.73		0.68		0.68

		Alexin-HS		-5.25		-5.4		1.8708794649		1.8708794649		3.8222579707		3.8222579707		3.98		3.98



24h

2 weeks

liquid

Slope

-4.43

-2.62

-5.99

-12.19

-10.22

-3.93

-3.61

-5.64

-2.8

-3.28
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