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ABSTRACT

Background

Thromboelastography (TEG) is widely used in hospitals but less commonly in blood banks 

for evaluation of platelet (PLT) concentrates (PCs). A TEG-PC assay for testing fresh or 

stored PLTs must reflect the quality of the PLTs. The added value could be measurement 

of donor-dependent PLT quality.

Study design and Methods

Whole blood (WB) normal values were generated from 100 donors, using standard tests. 

Nineteen single-donor PCs were evaluated with a TEG-PC assay, using Octaplas as micropar-

ticle-free diluent and kaolin or collagen as activator, stored up to 12 days and also sampled 

for additional in vitro tests.

Results

WB values showed larger reaction rates (R- and K-times, Angle) compared to the reference 

values and almost similar Maximum Amplitude (MA). PCs showed usual storage lesion and 

TEG-PC results showed significant decreasing R- and K-times and increasing Angle. Mean 

MA values remained constant but individual measurements were affected by clot retraction. 

TEG tracings of two PCs with good quality on Day 12 showed weak to strong clot retraction, 

while 2 PCs with poor quality showed moderate clot retraction on Day 1, no clot retraction 

on Day 5-12 and a decreased MA on Day 12. Clot strength (MA) and especially clot retraction 

represent possibly donor-specific effects.

Conclusion

A TEG-PC assay has been developed which is sensitive to storage effects. The assay has 

the potential to be helpful in selection of PLT donors but needs improvement to be more 

sensitive, reproducible and distinctive to determine whose PLTs store poorly and whose 

store well.
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INTRODUCTION

Thromboelastography (TEG) and rotational thromboelastometry (ROTEM) are widely used in 

hospitals1, especially for point-of-care diagnosis of the hemostatic status of patients. Instead 

of one detail of hemostasis like prothrombin time or fibrinogen level, TEG and ROTEM anal-

ysis give a rapid and graphical overview of the full coagulation reaction. Both analyzers are 

based on the same working principle by measuring the viscoelastic changes in clotting whole 

blood (WB) after start of coagulation (spontaneous or by adding a coagulation activator). In 

TEG, the cup with the blood sample is rotating at a small angle and the change in shear force 

is measured electromechanically by a torsion wire that is connected to the immersed pin. 

In ROTEM, the cup is fixed, the pin is rotating and changes in torque are measured optically. 

As a consequence of using WB, red blood cells are part of the clot in both methods.

Results of the TEG (or ROTEM) measurement are used to decide whether or not transfu-

sion with platelets (PLTs) or plasma is needed2. A correction of the TEG outcome, implicating 

improvement of hemostasis after transfusion of platelets, has been described by Roeloffzen 

and coworkers3 and Apelseth and coworkers4. Depending on the application for diagnosis or 

clinical study, different WB assays were thoroughly investigated2,5. The study of Johansson 

and colleagues2 suggests that the TEG analysis in a laboratory setting, as in clinical practice, 

may also be performed by kaolin activation of citrated WB. There is no reason to prefer 

tissue factor as activator, which provides the major stimulus of initiation of clot reaction 

in vivo, because no significant differences were found between TEG clot forming variables 

using kaolin or tissue factor.

Application of TEG in blood banks for evaluation of blood components is less common 

but has been reported by several authors6,7. They adjusted the PLT concentration of PLT 

concentrates (PCs) to 200x109 /L with freshly thawed PLT-poor plasma, used tissue factor as 

activator and concluded that storage caused faster clot formation and decreased resistance 

to fibrinolysis with time.

Our aim was to develop an in vitro TEG assay to test PCs during storage, in the absence 

of red blood cells, sensitive to PLT quality and with minimal influence of the storage medium. 

We hypothesized that the TEG response might be helpful or even distinctive in selection 

of (apheresis) PLT donors. As a first step, WB normal values were generated from healthy 

donors. Second, the TEG was adapted to be used in PLT-only samples and optimized to 

yield reproducible results. Finally, TEG-PC assays were used to evaluate storage-induced 

and donor-specific responses using single-donor apheresis PCs.

7
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MATERIALS AND METHODS

Thromboelastography

TEG assays were performed using a TEG hemostasis system with its accompanying 

software TEG 5000 and Version 4.2.3 respectively, Haemoscope Corp., Niles, IL) and using 

plain cups and pins (Ref. 6211, Haemoscope Corp.). To determine reference values for WB, a 

citrate-kaolin (CK) and a citrate-functional-fibrinogen (CFF) test were performed according to 

the manufacturer’s instructions using ampoules with kaolin and ampoules with tissue factor/

PLT inhibitor (Ref. 6300 and 07-034, Haemoscope Corp.). With the CK-test, samples are 

recalcified and the intrinsic coagulation pathway is stimulated with kaolin. A clot is formed, 

to which both platelets and fibrinogen contribute. In the CFF-test the extrinsic coagulation 

pathway is activated with tissue factor, while the platelet aggregation is entirely inhibited. The 

maximum amplitude (MA), representative of clot strength, is only determined by the amount 

of fibrinogen present. The contribution of the PLT to the MA can be calculated as follows:

MA-PLTs = MA (CK-test) – MA-fibrinogen (CFF-test).

When fibrinolysis takes place in the sample, this results in a smooth decrease of the ampli-

tude after reaching MA. In distinction with fibrinolysis, clot retraction is the phenomenon 

that after reaching MA a sudden fall of amplitude is registered, which is attributed to loss of 

adhesion of the clot to the cup. Fibrinolysis or clot retraction was evaluated by the

Estimated Percent Lysis (EPL) or LY30 value, the latter representing the decrease in 

amplitude 30 minutes after MA is reached while the first represents an interim value. In 

addition the following TEG variables were recorded: the reaction (R-) time (minutes) which 

represents the rate of initial clot formation, the kinetic (K-) time (minutes) which represents 

the time until a fixed clot strength (amplitude 20 mm) is reached and the Angle (degrees) 

which is a measure of rate of clot growth and closely related to K-time.

We found that pipetting steps were critical in the reproducibility of the TEG results, and to 

standardize the procedure we followed the next scheme: t = 0 minutes, loading disposable 

cup and pin; t = 2 minutes, pipetting 20 µL of 0.2 mol/L CaCl2 into the cup immediately 

followed by pipetting 1 mL or 0.5 mL citrated blood sample into the kaolin or tissue factor 

ampoule, respectively, and mixing; t = 3 minutes: pipetting 340 µL of activated blood sample 

from the ampoule into the cup and starting the measurement. This allowed the disposable 

cup to be prewarmed, and have sufficient time for controlled pipetting of the samples. The 
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CFF-test was immediately performed in the second channel after the CK test was started 

in the first channel.

PC samples were tested using kaolin (CK test) or collagen as activator following the same 

pipetting scheme as described above. Collagen was used to initiate the coagulation reaction 

by activating the PLTs after binding to the collagen receptors located on glycoproteins GPIa 

and GPVI. Collagen 5 µg/mL (P/N385, Chrono-log, Havertown, PA) was added to the PC 

sample between t = 2 and 3 minutes and mixed vigorously, and the mixture was pipetted 

into the cup.

Reference values for whole blood

Sixty five male and 35 female healthy donors volunteered to give, in combination with their 

WB or apheresis donation, an extra tube of venous blood after written informed consent. 

Donors using platelet aggregation inhibitors were excluded. WB (9 mL) from the sample 

pouch was collected in a sodium citrate tube (1 mL 3.2%, ref. 455322, Greiner Bio-One, 

Alphen aan den Rijn, the Netherlands) and inverted 5 times gently. According to the 

manufacturer’s advice and literature reporting that citrate affects TEG parameters2,8, TEG 

measurements were scheduled between 30-120 minutes after donation. The tubes were 

kept at room temperature and were, immediately before pipetting, again inverted 5 times.

Development and validation of TEG-PC assays

PCs were made from 5 pooled buffy coats and 1 unit of plasma as described earlier9. They 

were tested undiluted, or diluted in either supernatant (CPD-plasma) from the same PC, in 

ultra-centrifuged AB plasma (PL-UC) or in solvent/detergent (S/D)-treated AB plasma (Octap-

las, OctaPharma, Lachen, Switzerland). PC supernatants were prepared by centrifugation (5 

min, 14,000 x g). To remove microparticles, AB-plasma was ultra-centrifuged (1 hr, 100,000 x 

g) and frozen at -25°C until use. As commercially-available microparticle-free plasma, frozen 

units of Octaplas were thawed, aliquoted and refrozen at -25°C.

Validation of TEG-PC-assays was performed with 1-in-10 dilutions of pooled buffy coat 

PLTs in PL-UC or Octaplas. Measurements were performed on storage Days 2, 4 and 8 and 

repeated 6 times from the same PC. An aliquot of plasma was thawed for 5 minutes at 37°C 

in a water bath, the PC dilution was made, activator was added as described above and TEG 

measurement was started.

7
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Apheresis PCs

Single-donor leukoreduced apheresis PCs in plasma were collected with a multicomponent 

collection system (MCS+, Haemonetics, Braintree, MA [n = 8]) or an automated blood col-

lection system (Trima, TerumoBCT, Lakewood, CO [n = 11]). The PCs were stored overnight 

in the original container and on Day 1 aliquoted into 3 or 4 units for pediatric use of approx-

imately 60 mL, using polyvinyl chloride containers plasticized with diisononyl-1,2-cyclo-

hexanedicarboxylate (DINCH, P4224, Fresenius, Emmer-Compascuum, the Netherlands). 

One of the 3 to 4 units was transferred to the laboratory and stored at 22 ± 2°C on a flatbed 

reciprocal agitator until Day 8 or 12. These splits of the single-donor PCs were weighed 

and sampled at Day 1, 5, 8 and 12. Samples were tested by TEG after diluting 10 times in 

Octaplas. From this dilution TEG-PC assays were performed as described above using a 

standard kaolin ampoule or collagen. Dilutions of 1 in 10 were chosen because the WB and 

pilot experiments showed less sensitivity to PLT concentration and, in addition, these were 

expected to be in a small range because all apheresis machines are set to gain PCs with 

1.1x109 PLTs/mL. Moreover, diluting to a standard platelet concentration would introduce 

variations in (functional) fibrinogen concentration. Every test was run for a minimum of 

60 minutes. In ongoing experiments, differences between the measured MA of the PCs 

proved to be rather small. Therefore, to investigate the PLTs at much lower concentrations 

and with limited time and resources to test all dilutions on one day, two random subgroups 

of PC samples were also tested in the same way after dilution 20 or 40 times in Octaplas. 

To determine MA-PLTs of the PC samples, MA-fibrinogen of Octaplas was measured in 

threefold by performing a CFF-test with pure Octaplas.

Additional in vitro tests

To determine PLT counts in citrated WB, samples were transferred to no-additive tubes 

(4.5 ml, Ref. 368500, BD). PLT counts of PCs were measured in EDTA tubes (4.5 mL, Ref. 

455223, Greiner Bio-one) and all cell counts were measured using the blood cell analyzer 

(Sysmex XT2000i, TOA, Tokyo, Japan).

Swirling effect of the PCs was judged visually on a scale from 0 to 3. After being 

sampled with a sample-site coupler and syringe, the PCs were immediately analyzed 

for pH at 37°C, glucose and lactate levels (ABL705, Radiometer, Copenhagen, Denmark).

CD62P expression was measured using fluorescein isothiocyanate (FITC)-labeled anti-

CD62P (Art. No. A07790, BD Biosciences). As isotypic control, FITC-labeled IgG1 (Art. No 

M1453, Sanquin Reagents, Amsterdam, the Netherlands) was used. Both monoclonals 
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were diluted 10 times in sheath fluid (FACSFlow, Art. No. 342003, BD Biosciences) and PC 

samples were diluted 20 times in FACSFlow. The diluted PC sample (20 µL) and diluted 

FITC-labeled antibody (10 µL) were mixed and incubated for 20 minutes at room tempera-

ture in the dark. This mixture was fixed in 570 µL of 0.5% methanol-free formaldehyde (Ref. 

04018, Polysciences, Warrington, PA), diluted in phosphate-buffered saline. After fixation 

all samples were measured within 30 minutes using a flow cytometer (FACSCalibur, BD 

Biosciences). Annexin A5 binding was measured as described before10. PLT aggregation 

with adenosine diphosphate (ADP) or collagen and hypotonic shock response (HSR) were 

performed using an aggregometer (Chrono-log).

Statistical analysis

To determine the reference value for WB, the means and the 95% confidence interval 

(CI) were calculated. Grubb’s test for detecting outliers was performed when values 

were suspected of being an outlier. The LY30 figures, beginning with a high frequency 

of zero fibrinolysis, show a J-shaped distribution and therefore the 95th percentile was 

calculated. Univariate analysis with computer software (SPSS 17.0, SPSS Inc., Chicago, IL) 

was performed to investigate which determinant (sex, age, hemoglobin [Hb], fibrinogen, 

PLT count) was associated with TEG variables.

The effect of storage on results was analyzed by performing a repeated-measures 

analysis of variance followed by Dunnett’s posttest (Instat, Version 3.06, GraphPad, San 

Diego, CA). TEG results with kaolin and collagen were statistically compared with a paired 

t test. A p value of less than 0.05 was considered significant.

RESULTS

Reference values for whole blood

Donors were 52 ± 12 years old and the ABO blood group distribution was 38% O, 33% A, 

21% B and 8% AB. Complete blood counts, corrected for dilution in citrate, showed the 

following variation: hematocrit 0.44±0.03 L/L and PLT count 153±51x109/L. One-hundred 

WB samples were tested 65 ± 29 minutes after filling the citrate tubes. Five TEG mea-

surements were excluded from analysis which showed very high fibrinolysis or because 

the citrate tubes were not fully filled2,8. Based on the 95 remaining samples, reference 

values for Dutch donors were calculated as shown in Table 1. Compared to the reference 

values given by the manufacturer, R-times were 4 to 5 minutes and K-times were 0.7 to 1.2 

7
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minutes longer. In accordance with the longer K-times, Angle values were smaller. Other 

variables gave smaller differences. Values of MA were similar to the normal values given 

by the manufacturer resulting in similar calculated levels of fibrinogen (200-440 mg/dL).

Table 1: Results of the citrate-kaolin-(CK-) and citrate-functional-fibrinogen-(CFF)-test at donor whole blood samples 
(n = 95).

Normal values
Dutch donors

Mean ± SD

Normal values
Dutch donors

95% CI

Reference values
manufacturer

95% CI

CK-test
R, min
K, min
Angle, deg
MA, mm
LY30, %
CFF-test
MA, mm
Fibrinogen, mg/dL
MA-platelets, mm

9.6
2.6

56.6
63.0

0.2

18.0
328.9

45.0

±
±
±
±
±

±
±
±

1.3
0.5
5.4
4.6
0.6

3.4
61.6
3.4

7.0
1.5

46.4
53.9

11.4
208.1
38.3

-
-
-
-

-
-
-

12.1
3.6
67.1
72.1
1.8*

24.6
449.7
51.6

2.5
0.8

55.2
50.6

0.0

10.2
200.0

NA

-
-
-
-
-

-
-

7.5
2.8
78.4
69.4
7.5

25.4
444.9

* 95th percentile; NA = Not available

Univariate analysis showed significant association with sex, Hb and fibrinogen for R-time, 

K-time and Angle in the CK test, but not with PLT count (data not shown). R-time and K-time 

of female donors, who also had lower Hb and higher fibrinogen levels, were shorter while 

Angle was larger, compared to male donors. Sex, fibrinogen and age were significantly 

associated with MA in the CK test which is reflected by the lowest MA in male donors less 

than 50 years of age (59.8 mm, n = 18) and the highest MA in female donors more than 50 

years of age (65.2 mm, n = 17). This is in accordance with other studies5,11.

Development and validation of TEG-PC assays

The TEG has been developed to be used for WB, and in order to modify the assay to measure 

PLT functionality in PLT samples, using readily available buffy coat-derived PLTs, the follow-

ing modifications were investigated.

PC samples with different PLT concentrations were measured using collagen as activator 

and supernatant as diluent. For example, measuring an undiluted PC on Day 2 of storage, 

with PLT concentration of 1.0x109/mL, resulted in a MA of 63 mm while much lower PLT 

concentrations of 0.1x109 to 0.4x109/mL resulted in MA values of 52-58 mm. Measuring 

cell-free supernatant from the same PC after standard centrifugation to pellet cells still 

resulted in a MA of 22 mm. Because MA was not very sensitive to PLT count at relatively 
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high concentrations in the range of 0.1-1.0x109/mL, we concluded that measurements within 

that range of PLT concentration would not be suitable to measure changes in PLT functional 

quality. MA was more sensitive to PLT concentration at 0.1x109/mL and below, so measuring 

at a fixed low concentration would have the greatest potential for a sensitive test for PLT 

functional quality.

Furthermore, the TEG tracing of the undiluted PC mentioned above, with MA of 63 mm 

on Day 2, showed clot retraction, quantified by an estimated percent lysis (EPL) of 49%. On 

Day 8 of storage, even more clot retraction was observed (MA 48 mm; EPL 90%), also in 

diluted samples from the same PC at PLT concentrations down to 0.25x109 PLT/mL. No clot 

retraction was observed after dilution to 0.1x109 PLT/mL. So, PLT-concentrations of 0.1x109/

mL or below are useful to reduce the frequency and / or severity of clot retraction. This is in 

agreement with Katori and colleagues12 who reported more prominent clot retraction with 

platelet counts of at least 0.2x109/mL in PLT-rich plasma.

Hence, dilution of PCs seemed to be necessary for our purposes, and different types of 

diluents were evaluated. PC supernatant, all from the same PC, collected after one or two 

centrifugation runs showed background reaction with long R-times of 23 and 46 minutes 

and low MA values of 32 and 8 mm respectively. Because it is known that a much higher 

g value and/or dilution is needed to isolate microparticles from plasma13, it was concluded 

that PC supernatant still contained PLT membrane microparticles or phospholipids and thus 

could not be used as diluent because of this background reactivity. PL-UC showed reaction 

with kaolin but no reaction at all with collagen during more than 60 minutes. Octaplas did 

not react with kaolin nor with collagen.

Based on these results we concluded that a TEG-PC assay could be performed at PLT 

concentrations of 0.1x109/mL, but accuracy and sensitivity to PLT functional quality were 

improved by testing PCs against a background of microparticle-free standard plasma such 

as PL-UC or Octaplas. The validation of the TEG-PC assay with PL-UC or Octaplas and 

collagen as activator provided the best outcomes with the latter (coefficient of variance 

[CV] for R and MA < 10%, CV for K and Angle <23%), and it was decided to use Octaplas as 

standard diluent in the TEG-PC assay.

Evaluation of stored apheresis PCs

To evaluate donor-specific and storage-induced responses, the TEG-PC assays were applied 

to single-donor PCs. The pediatric PCs had a mean volume of 61±6 mL, a mean PLT con-

centration of 1.16±0.16 x109/mL, and pH (37°C) on Day 1 was 7.19±0.06. All PCs fulfilled the 

7
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Dutch requirements14. Results of storage up to Day 12 are given in Table 2, including results of 

TEG-PC assays. Data reflect the usual storage lesion of PCs in these containers, with gradual 

decrease in quality over time. After expiration at Day 8, pH was greater than 6.6, swirling 

score between 1 and 3 and glucose was present (>7 mmol/L). Glucose consumption and 

lactate production untill Day 8 was 0.09±0.01 and 0.14±0.02 mmol/1011 PLT/day, respectively. 

Distributions of HSR and aggregation data for Day 12 and LY30 values were skewed. In Table 

2 for the Day 12 values, the mean ± SD of PCs with a HSR or aggregation value of more than 

10% or a LY30 value of more than 5% are given, and the number of PCs showing a greater 

value than this cutoff value are given in parentheses. Storage of PCs until Day 12, far beyond 

expiration in routine (shelf-life 7 days), but done in the study to maximize differences if 

present, resulted in much greater differences between PCs.

Table 2: In vitro quality of single-donor pediatric PCs on Day 1, 5, 8 (n = 19) and 12 (n = 17), shown as mean ± SD.

Day 1 Day 5 Day 8 Day 12

pH (37°C)
Lactate (mM)
Swirling score
MPV (fL)
CD62P expression (%)
Annexin A5 binding (%)
HSR (%)
Aggregation, ADP
Max. amplitude (%)
Aggregation, collagen
Max. amplitude (%)
TEG, kaolin (n = 14)
R-time (min)
K-time (min)
Angle (deg)
MA (mm)
MA-platelets (mm)
LY30 (%)

TEG, collagen
R (min)
K (min)
Angle (deg)
MA (mm)
MA-platelets (mm)
LY30 (%)

7.19
2.3

3
8.7
7.2
6.7
74

76

96

10.2
1.5

68.4
63.9
40.9

20

13.6
2.3

55.2
63.8
40.8

15

±
±
±
±
±
±
±

±

±

±
±
±
±
±
±

±
±
±
±
±
±

0.06
0.5
0
0.6
5.0
3.2
13

12

6

1.3‡
0.2‡
3.1‡
4.3
4.3
12 
(14**)

1.7
0.4
10.2
2.9
2.9
9 
(12**)

7.03
8.9

3
9.0

25.6
19.0

68

59

82

9.0
1.3

70.4
63.7
40.7

22

12.3
1.9

61.9
63.6
40.6

16

±
±
±
±
±
±
±

±

±

±
±
±
±
±
±

±
±
±
±
±
±

0.07*
1.3*
0
0.7*
9.1*
6.1*
12

18*

17*

0.6*‡
0.2*‡
2.7†§
4.4
4.4
19 
(7**)

1.0*
0.3*
9.8†
3.4
3.4
12 
(9**)

6.83
13.9

2
9.6

36.0
36.4

48

45

78

8.5
1.1

73.5
62.4
39.4

16

11.3
1.5

68.9
62.4
39.4

17

±
±
±
±
±
±
±

±

±

±
±
±
±
±
±

±
±
±
±
±
±

0.10*
1.9*
1*
0.7*
10.6*
9.2*
18*

23*

14*

0.7*‡
0.1*‡
2.5*‡
2.8
2.8
8 
(10**)

1.0*
0.3*
3.4*
4.9
4.9
11 
(13**)

6.22
22.1

1
11.1
55.6
65.9

32

35

37

7.8
1.1

74.3
58.3
35.3

20

10.3
1.5

68.1
59.3
36.3

15

±
±
±
±
±
±
±

±

±

±
±
±
±
±
±

±
±
±
±
±
±

0.28*
4.0*
1*
0.7*
13.9*
14.4*
16 (2¶)*

17 (7¶)*

17 (10¶)*

0.6*‡
0.2*‡
2.9*‡
9.9║
9.9║
18 
(5**)

1.2*
0.4*
5.0*
9.1
9.1
9 
(6**)

* p < 0.01 versus Day 1; † p < 0.05 versus Day 1
TEG, kaolin versus collagen: ‡ p < 0.001; § p < 0.01; ║ p < 0.05
See text: ¶ number of PCs with a value >10%; ** number of PCs with a value >5%
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PLT storage resulted in signifi cantly decreasing R- and K-times and increasing Angle. 

Therefore, the rate of the coagulation cascade and velocity of clot formation were minimal 

on Day 1 with collagen and maximal on Day 12 with kaolin. Mean MA values remained 

constant up to Day 8 although many individual TEG tracings were visibly affected by clot 

retraction resulting in a reduced MA value and a high LY30 percentage (data not shown). 

Maximum clot strength, represented by MA values, appeared to be the same with both 

activators and LY30 percentages showed great variation between PCs and from day to day. 

MA-fi brinogen of Octaplas was determined as 23.0±0.6 mm, so MA-PLTs were calculated 

as MA minus 23.0 mm.

As mentioned, PCs showed very large differences in storage variables on Day 12 and 

TEG showed great variation in LY30 percentages. Figure 1 shows TEG tracings (kaolin) of 

PCs with good (A) or poor (B) in vitro quality on Day 12 when judged by pH (6.6 versus 5.8), 

swirl (2 versus 0) and HSR (44 versus 0%). TEG tracings of the ‘good’ PC show weak (Day 

8), moderate (Day 1, 12) or even strong (Day 5) clot retraction. TEG tracings of the ‘poor’ 

PC show moderate clot retraction on Day 1, no clot retraction on Day 5, 8 and 12 and a 

decreased MA on Day 12. One other PC with good and one other PC with poor quality on 

Day 12 showed the same correlation between TEG results compared with pH, swirl and HSR. 

So, clot retraction could be a qualitative donor related TEG variable, for which prolonged 

storage yields more information.

Figure 1: Representative TEG tracings of (A) PCs with ‘good’ in vitro quality and (B) PCs with ‘poor’ in vitro quality. 
Each colored line represents one PC sample of Day 1 (black, continuous line), Day 5 (green, long-dashed line), Day 
8 (red, short-dashed line) and Day 12 (blue, dotted line). The PC with ‘good’ quality shows weak (Day 8), moderate 
(Day 1, 12) or strong (Day 5) clot retraction, measured as a sudden reduction in Maximum Amplitude. The PC with 
‘poor’ quality shows moderate clot retraction on Day 1, no clot retraction on Day 5-12 and a decreased Maximum 
Amplitude on Day 12.

     

7
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In Table 3, results of TEG measurements after dilution of PC samples 20 or 40 times are 

shown, in comparison with the corresponding 1-in-10 dilution in TEG-PC assay with kaolin 

on Day 1. Generally, when diluted 20x, the coagulation reaction in TEG resulted in the same 

R-time, larger K-times and smaller Angles (significant) and slightly lower MA values (not 

significant). When diluted 40x, differences became more obvious according to K-time and 

Angle and also significantly longer R-times and lower MA values were measured. LY30 

percentages were lower in the 20x- and virtual absence in the 40x-diluted PLT suspensions 

which confirms that LY30 in the TEG-PC assay represents clot retraction.

Table 3: TEG data comparing subgroups of 1-in-10 versus 1-in-20 and 1-in-10 versus 1-in-40 diluted PLT suspensions 
in citrate-kaolin-test (Day 1, n = 9), shown as mean ± SD.

Subgroup 1 Subgroup 2

Dilution 1 in 10 1 in 20 1 in 10 1 in 40

R-time (min)
K-time (min)
Angle (deg)
MA (mm)
MA-plts (mm)
MA-plts / 106 PLT (mm / 106 PLT)
LY30 (%)

10.3
1.5

68.2
62.5
39.5

1.0
13

±
±
±
±
±
±
±

0.7
0.2
2.5
4.7
4.7
0.3
10

10.4
1.9

63.7
58.7
35.7

1.9
5

±
±
±
±
±
±
±

1.1
0.4*
4.1*
2.2
2.2
0.3†
10

9.7
1.5

68.6
64.9
41.9

1.1
19

±
±
±
±
±
±
±

1.0
0.3
3.8
3.6
3.6
0.3
15

10.8
2.4

59.4
53.2
30.2

3.2
0

±
±
±
±
±
±
±

0.8*
0.5†
4.7†
2.0†
2.0†
0.6†
0‡

* p<0.05 versus 1 in 10; † p<0.001 versus 1 in 10; ‡ p<0.01 versus 1 in 10

Calculated MA-PLTs are also shown in Table 3 from which it follows that the absolute 

contribution of the PLTs to clot strength decreases with dilution factor but not proportion-

ately. MA-PLTs of a 4 times more diluted PLT suspension, 40x compared to 10x, was about 

1.3 times lower. Therefore, relative contribution of PLT at the clot strength increases at lower 

counts. This is also shown in Table 3 by the calculated MA-PLTs per million of PLT. Figure 2 

illustrates MA of different subgroups as a function of PLT concentration showing an increase 

in MA of about 20% between 15 to 50x109/L while the curve flattens above 50x109/L.
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Figure 2: Maximum amplitude as function of platelet concentration of subgroups of PLT suspensions (diluted 
with Octaplas, activated with kaolin, Day 1), 1-in-10 (▲) and corresponding 1-in-20 dilution (∆); and 1-in-10 (■) and 
corresponding 1-in-40 dilution (□).

DISCUSSION

In this study, we describe implementation steps for using TEG in a blood bank setting with 

the aim of testing the quality of PCs. At fi rst, a population of healthy donors was tested to 

gain normal WB values and to investigate variation in TEG parameters due to donor variation. 

Second, a TEG-PC assay has been developed which has the potential to be helpful in donor 

selection.

Considering the situation in a blood bank, TEG normal values were generated in recalci-

fi ed citrated blood, as this is more practical than the use of native, nonanticoagulated blood. 

The latter has to be tested within 6 minutes, while citrated blood can be tested within 2 hours 

after collection, which allows enough time for transporting tubes from a donor center to the 

laboratory under our conditions. In cases of diagnostic service of the blood bank to a hospi-

tal, there is also a delay of some hours between blood sampling and TEG testing. Moreover, 

blood donations are standard anti-coagulated by citrate resulting in citrated plasma and PCs.

7
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Normal values were very different to the reference values for citrated samples of the 

manufacturer. Because very little is known about characteristics of the subjects and circum-

stances of sampling and testing according to these reference values we can only speculate, 

among others, about differences in way of sampling, male-to-female ratio and citrate effects. 

Results of donor values differ also from data given by Johansson and colleagues2, also 

generated from recalcified citrated WB of healthy persons. They report 38% shorter R-times, 

23% higher Angle and 4% lower MA values on average. This emphasizes the need to establish 

center-specific reference values.

The WB experiments, as our first TEG experience, made it clear that much donor vari-

ation resulted from variations in red cell or Hb and fibrinogen content, rather than from 

different PLT counts. Therefore, with the aim of developing a PC assay, readily available buffy 

coat-derived PLTs were used to test PLTs against background plasma of different quality, 

which resulted in the use of Octaplas as a microparticle-free diluent. Octaplas turned out 

to be fully inert to kaolin and collagen. Inertness to collagen, which activates coagulation 

by activating the platelets, can be explained by the removing of all cells and microparticles 

during the S/D process15. Inertness to kaolin is not understood because kaolin activates the 

intrinsic pathway, and needs further investigation. Another advantage of Octaplas is, that it 

is easy available in large amounts of the same quality because it is commercially (and thus 

internationally) available and manufactured in large batches. Precision of our validation 

results were in accordance with those reported by NEQAS, reporting CV ranges of 8-33%16.

The TEG-PC assay data show a clear trend to faster reaction times in the kinetic variables 

R-time, K-time and Angle during storage time of single-donor PCs. This might be expected 

due to increase of the procoagulant phosphatidylserine (determined by the Annexin A5 

binding) on the cell surface, activation of the GPIIb/IIIa-complex17 carrying the binding site 

for fibrinogen and other effects of ‘storage lesion’, increasing (re)activity of PLTs. In contrast, 

decreasing response of PLTs to ADP and collagen in aggregation tests was seen during 

storage, suggesting different functions of PLT are measured in TEG versus aggregation 

assays.

According to the small variation of kinetic data (R, K, Angle) at the same storage day, 

these variables seemed to be sensitive to storage lesion-dependent PLT quality and not dis-

tinctive to donor-dependent differences of PLTs. A disappointing result was the low variation 

in MA during storage time of single-donor PCs, up to Day 8 and even up to Day 12 in most 

PCs. The small differences in MA may represent real differences in PLT quantity or quality 

but can also be explained by test variation or effects of clot retraction. Variation in the MA 
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results were comparable with CVs obtained in the validation, confirming the choice for using 

fixed dilutions rather than dilute to a fixed PLT concentration. As already observed during 

development of the TEG PC-assay, sometimes the TEG tracing show a sudden decrease in 

amplitude after MA but it appeared that the maximum clot strength was not reached. So 

clot retraction can affect MA in such a way that MA does not always represent the actual 

maximum clot strength.

Larger differences in MA, only measured on Day 12, can be explained by very strong 

degeneration of PLTs. It seems that MA, even with use of Octaplas as a microparticle-free 

diluent, is not very sensitive to the effects of ‘storage lesion’ and, (up to Day 8) also not dis-

tinctive to donor-dependent differences of PLT. A possible explanation of the low sensitivity 

of this TEG variable to PLT functional quality in these experiments is the accuracy of the 

measurement, contribution of PLT micro-particles to clot strength and (partial) recovery of 

stored PLT in fresh plasma (of 37°C temperature and pH 7.25). Also less variation was seen 

in LY30 results, looking to the overall mean results. But results of the two PCs with ‘good’ 

or ‘poor’ storage properties, respectively, suggest that clot retraction, represented by LY30, 

might be a discriminating TEG parameter between the different PLT preparations. In other 

words, PLT properties like aggregation and contraction may be measured in this assay 

rather than activation and fibrin binding properties of PLTs. In that case, 1-in-10 dilutions 

are preferred over 1-in-20 and 1-in-40 dilutions and the TEG-PC assay has to be improved to 

get the optimal conditions for clot retraction. This improved assay might be helpful in donor 

selection, discriminating between donors with good or poor aggregation and contractile 

properties of their PLTs. Preferably PLT-rich plasma from a WB sample of the donor should 

be tested. Correlation of the test with in vivo clinical outcome should be also investigated, 

preferably in prophylactic PLT transfusions.

Decreasing clot formation times during storage of PCs are also reported by Svendsen 

and colleagues6, but in their study R-time and Angle leveled off on Day 6 and last sampling 

was performed on Day 8. Presumably, this was caused by a less sensitive assay using higher 

PLT concentrations (200x109/L) and platelet poor plasma still containing microparticles. 

They also reported no significant differences in MA during storage up to Day 8. MA results 

were also in accordance with the results of Mc Nulty et al18 who observed that samples with 

liquid nitrogen-treated PLTs appeared to have no significantly different MAs compared with 

samples with normal treated PLT. This emphasizes the need to resuspend PLT in micro-

particle-free diluent.

7
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These results confirm that MA is not a sensitive parameter for PLT quality in many cases. 

It seems that from every composition of fresh or stored PLTs and microparticles a clot can 

be formed with almost the same clot strength. It can be concluded that there is a maximum 

contribution of cell-based cross-links to the strength of the fibrin network, either formed by 

small microparticles or by large platelet aggregates.

Summarizing, the TEG-PC assay is suitable to confirm the in vitro functional quality of 

stored PLTs in coagulation reactions, but needs further improvement to be able to better 

distinguish donor-dependent differences and to be more discriminating between donor-de-

pendent quality and ‘storage lesion’ quality effects. The generation of WB center-specific 

reference values as well as a PLT-specific TEG assay has been developed which has the 

potential to be helpful in selection of PLT donors.
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