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CHAPTER 6

ABSTRACT

Thromboelastography is a technique to evaluate the overall coagulation behavior of blood 

and blood components. First, we evaluated the literature concerning the use of throm-

boelastography for characterizing coagulation behavior of healthy volunteers, such as blood 

donors. Overall coagulation is sensitive to gender, most likely caused by the difference in 

hematocrit and plasma content of male versus female blood. Smaller and less pronounced 

effects in thromboelastographic response are caused by differences in fibrinogen level or by 

use of oral contraceptives. Short term hypercoagulable effects are observed after smoking 

or blood donation, while small effects of non-steroidal anti-inflammatory drugs on platelets 

are also present. Second, in whole blood donations, the thromboelastographic variables are 

also sensitive to storage time and temperature, but are less sensitive to levels of clotting 

factors. Platelet count and quality have little influence on thromboelastographic variables, 

and differences are mainly observed at counts <100x109/L, after extended storage time 

of platelet concentrates or storage under specific conditions, including freezing. Throm-

boelastographic profiles of plasma samples are mainly affected by residual cell counts, 

microparticles and fibrinogen levels, and less by levels of clotting factors. Taken together, 

publications have shown that as an overall clotting test, thromboelastography may support 

optimization of blood component preparation and storage, provided that an appropriate 

assay is chosen.
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INTRODUCTION

After invention and introduction of thromboelastography to determine the overall coagulation 

behavior of blood in 1948 [1], the technique has been considered as being too inaccurate. 

Development of software-based devices and re-introduction in the 1990s however, has led to 

many applications for testing blood of patients and of volunteers, as well as blood donations 

and blood components. Studies incorporating assessment of thromboelastography-based 

assays are published in growing amounts after the year 2000. The technique, with throm-

boelastography (TEG) or rotational thromboelastometry (ROTEM) as the two main devices, 

is typically not yet mentioned in a review about platelet function assays published in 2003 

[2] but is mentioned in a review from 2016 [3].

For the current review, it was our aim to evaluate thromboelastography for characteri-

zation of the coagulation behavior of healthy volunteers such as blood donors. Particularly, 

we were interested in thromboelastographic-based assays for testing quality of whole blood 

(WB) and of blood components such as platelets (PLTs) and plasma, with regard to their 

hemostatic potential. In this review, thromboelastography is used as general term for both 

techniques and, if not stated otherwise, mean values and average changes in variables based 

on mean values are given by the “~” symbol.

TECHNIQUES AND METHODS

The technique of the TEG 5000 (Haemonetics, Braintree, MA) and ROTEM (Tem, Basel, 

Switzerland) has been described elsewhere [4,5] and a detailed technical comparison is given 

by Whiting and DiNardo [6]. In brief, a pin is immersed in a cup holding a blood sample, and 

slow movement of the cup (TEG) or pin (ROTEM) induces a shear force. The visco-elastic 

response of the clotting sample is measured by a torsion wire connected to the pin (TEG) 

or with a light detector (ROTEM). The signal is translated into a curve, which reflects the 

changes of amplitude over time. When clot lysis takes place, simultaneous with or after clot 

formation, this counteracts the amplitude changes due to clotting. Characteristic variables 

of the curve which reflect initiation time (R-time or CT), propagation rate of coagulation 

(α-angle), maximum clot strength (MA or MCF) and rate of fibrinolysis (LY30 or LI30) are 

real-time calculated (Figure 1).

6
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Figure 1: Combined TEG (upper half) and ROTEM (lower half) tracing with standard variables

Coagulation in native blood is started by contact activation by the plastic material of 

the cup or pin. When the blood is anticoagulated, calcium needs to be added in order for 

the coagulation reaction to commence. The physiological level of free calcium is 1.1 to 

1.4 mmol/L, in anticoagulated blood components this is decreased to <0.3 mmol/L [7]. In 

thromboelastographic tests, calcium is usually added in excess to counteract the calcium 

chelating effects of citrate. Manufacturers of both devices supply calcium chloride solutions 

of 0.2 mol/L.

More standardization was achieved by enhancing the analysis time, this was realized by 

using kaolin (TEG) or ellagic acid (ROTEM, INTEM test) to initiate the clotting cascade. The 

latter is combined with phospholipids, and both activators activate the intrinsic activation 

pathway. The extrinsic pathway can be activated by tissue factor (TF), as used in the EXTEM 

test. The thromboelastographic reaction is contributed to by platelets and clotting factors, 

and in order to determine the contribution of fi brinogen to clot strength, reaction mixtures 

with inhibitors of PLT glycoprotein IIb/IIIa (such as abciximab) or PLT actin polymerization 

(such as cytochalasin D; FIBTEM test) are available. Of note, the contribution of PLTs to 

clot strength is not completely eliminated by these inhibitors, so, it is not recommended 

to substitute the Clauss method to determine fi brinogen concentration for a thromboelas-

tographic-based method [8,9]. Coagulation may also be started by activating PLTs with 

arachidonic acid (which is converted into thromboxane A2 for stimulation of the thromboxane 

receptor) [10], ADP (P2Y12 receptors) [10,11], collagen (glycoproteins Ia and VI) [12] or con-
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vulxin (glycoprotein VI) [13]. Thromboelastography can also be used to study fibrinolysis by 

addition of tissue plasminogen activator (tPA) [13-17] while fibrinolysis may be inhibited by 

addition of aprotinin (APTEM test) [18], tranexamic acid [17] or ε-aminocaproic acid [19].

When comparing TEG and ROTEM for testing PLT concentrates [20], a 10-15% lower clot 

strength was obtained with ROTEM, in case samples were only recalcified. However, if also 

kaolin was used, no differences in either of the variables were detected.

Limitations

In addition to calcium, a minimum of clotting factors is needed, which was demonstrated 

in experiments without PLTs [21]. When testing RBCs in SAGM with <3% residual plasma, 

no curve was obtained. A weak clot with clot strength <10 mm was formed after addition of 

plasma to 42%. However, in the presence of PLTs, much stronger clots are obtained, even 

with substantial lower amounts of plasma [22]. When testing plasma, also phospholipids 

or phospholipid-containing membranes like platelets, red cells or microparticles have to be 

present, as demonstrated in experiments with S/D treated plasma which does not contain 

cells and/or microparticles. With this plasma no reaction was obtained when only kaolin and 

calcium were added [23] but addition of 4 µmol/L phospholipids fulfilled [15].

Pre-analytical conditions: dilution with or without addition of clotting factors

During blood donation, citrate is used for anticoagulation. However, a couple of things should 

be considered when performing thromboelastography from donated blood.

Usually a ratio of citrate solution to blood of 1:9 is used in test tubes, which results in 

dilution of the blood. WB is collected in CPD anticoagulant in a 1:7 ratio, apheresis platelets 

are anticoagulated with ACD-A in a 1:16 ratio, and apheresis plasma in a 1:10 to 1:14 ratio, 

resulting in different dilution of the final product. Recalcification of the sample results in 

further dilution up to 17%. Despite lowering of clotting factor concentrations and maybe 

counterintuitive, citrated and recalcified WB samples show a hypercoagulable profile - 

shorter initiation times, faster propagation and stronger clots - compared to native samples 

(Figure 2) [24-26]. This may be an effect of lowering the red cell concentration, giving less 

hindrance to clot formation.

6
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Figure 2: Mean values of initiation time (mean R-time, TEG or Clotting Time, CT, ROTEM) (A) and clot strength 
(Maximum Amplitude, MA, TEG or Maximum Clot Formation, CFT, ROTEM) (B), measured in WB of healthy volunteers. 
Open symbols were obtained using native (∆, ref.24,25,26,30,31) or citrated (o, ref.25,26,30,31) samples without 
activator. Black symbols were obtained from native (▲, ref.25,30,40) or citrated (●, ref.12,30,41,71) samples with 
activation by kaolin or ellagic acid.

Effects of dilution were also extracted from thromboelastographic studies to improve patient 

care. Patients can be transfused with colloids as fl uid replacement, or with plasma to supplement 

clotting factors. Both treatments have in common that the hematocrit is lowered. After further 

dilution with saline of citrate-anticoagulated WB (designated as 100% blood), the shortest initia-

tion time is observed at 80% and 60% blood, indicating a greater effect of dilution on the initiation 

time due to a decreased hematocrit than due to decreased clotting factor concentrations. Further 

dilution to less than 40% blood causes increased initiation times, indicating signifi cant effects 

of decreased clotting factor concentrations [27]. Observations by others of a shorter initiation 

time with 33% dilution [28] or 50% dilution (not signifi cant) [29] and a longer initiation time with 

60% [22] saline-diluted WB, are in line with this. In all cases, propagation rate was not affected 

or shifted to slower kinetics with increasing dilution grade, while clot strength decreased. Fibri-

nolysis was not affected in the absence of tPA, when WB was diluted with saline or albumin, but 

in the presence of tPA signifi cantly higher fi brinolysis was observed [29]. Summarizing, dilution 

of WB with colloids has variable effects on thromboelastographic outcomes.
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When plasma is used as diluent, cell concentrations are lowered but coagulation factors 

are normalized. While no significant effect on initiation times were seen when saline was used, 

Huebner et al [29] observed shorter initiation times when plasma was used when WB samples 

were diluted to 50%. Also faster propagation rates and higher clot strength was obtained when 

plasma was used, which was recently confirmed by Noorman and Hess [9] for a range of PLT 

concentrations. The other authors report corresponding enhanced coagulation or attenuated 

fibrinolysis when plasma was used as diluent instead colloids [22,29]. So, dilution with plasma 

can counteract dilution effects by colloids by increasing the concentration of clotting factors.

Pre-analytical conditions: holding time and temperature of WB test tubes

Native samples should be measured as soon as possible, i.e. within a couple of minutes 

(Figure 2) [24-26,30,31]. For citrated samples, the manufacturer allows a somewhat longer 

time and recommends measurement between 30 and 120 minutes [12]. Without activator, 

faster initiation and propagation of clotting was observed for tests performed 120 minutes 

versus 30 minutes after collection [31]. When for a next measurement at time points between 

0.5 and 4 h after venipuncture another tube with the same collection time was used, only 

a slight increase in propagation rates (~18%) was observed, but when the same tube was 

repeatedly sampled also the initiation time decreased [24]. This trend to hypercoagulation 

of citrated blood with holding time, was explained as incomplete anti-coagulation by citrate 

[32], which is enhanced by additional contact-activation by the pipet tip. Apparently, throm-

boelastography is sensitive to the level of pre-activation in samples. In contrast, others did 

not find differences in clotting profile between 1 and 3 hour storage in citrate, both with and 

without activator [30], suggesting no pre-activation of samples. In addition, these authors 

show a 66% decrease in initiation time when native blood is tested with kaolin compared 

to unstimulated native, which indicates a high potential sensitivity of native blood to the 

contact-activation pathway. The absence of citrate storage effects on thromboelastographic 

outcome, could have its origin in a smoother collection technique. In their study the blood 

was drawn using a 20G catheter, whereas in the other studies [24,31] blood was drawn 

using a 21 gauge butterfly, having a smaller diameter, in combination with a light tourniquet.

Usually samples of WB are held at room temperature (RT) to maintain PLT quality and 

to prevent activation of PLTs by cold. When samples were held at 4°C, the above mentioned 

faster initiation and propagation of clotting for citrated samples held at RT after 120 minutes 

vs. 30 minutes after collection, were not observed [31], indicating no sensitivity to activated 

PLTs in WB samples.

6
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HEALTHY VOLUNTEERS AND BLOOD DONORS

Many investigators have determined TEG reference values of healthy persons, often to 

compare with their non-healthy study group. A systematic review [33] describes 8 studies, 

but only studies were included which combined thromboelastography measurements with 

at least one conventional parameter of hemostasis. For the current review, only studies were 

included that have used citrate as anticoagulant.

Demographics: gender, age, ethnicity.

Several authors [12,26,34-36], reported that one or more variables shift towards faster and/

or stronger clotting for blood from females. Initiation times are shorter (3-16%), propagation 

rates are higher (5-27%) and clot strength is stronger (3-11%) than when blood from males is 

tested. One study [26] showed a difference in hemoglobin between males and females, while 

no significant differences were seen for PT, aPTT, fibrinogen level, antithrombin level and 

PLT count. This difference in hemoglobin is likely the cause for the different thromboelas-

tographic profile between men and women, for the effect of lower hematocrit is twofold: 

on the one hand there is a dilution effect of RBCs and on the other hand plasma content or 

plasma fractional volume is higher, thereby substituting components which can’t contribute 

to clotting for components who can. An explanation which is supported by a hypercoagulable 

shift i.e. faster and stronger clotting, observed when hematocrit was decreased from 55% 

to 40% or 20% [37]. Others observed higher fibrinogen and FVIII levels and lower protein S 

levels in blood from females [38]. In cases of pregnancy, the female coagulation status shifts 

to an even more hypercoagulable profile, despite lower PLT counts in the last trimester of 

pregnancy [34,39].

Effects of age in thromboelastographic measurements were not seen in 100 surgical 

but otherwise healthy children between 1 month and 16 years of age versus 25 volunteers 

with a mean age of 31 years [40]. This study tested native blood samples with kaolin as 

activator, which resulted in short but highly variable initiation times (3.8-11.6 min), probably 

not sensitive enough to determine small effects. However, in another study evaluating adults 

between 20 and 80 years, a correlation between age and thromboelastographic variables 

was found [26]. When split in groups younger or older than 50 years, significantly higher 

propagation rates and clot strengths were found for the elder group. Other publications 

support this finding [12,36]. Lastly, no significant differences in TEG results could be detected 

when ethnicity was analyzed [41].
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Oral contraceptives and pain medication

The use of oral contraceptives results in higher clot strength [26]. The effect was most likely 

caused by higher fibrinogen levels (~22%) in users of oral contraceptives. In this study, most 

women used a second-generation oral contraceptive, but when using third-generation oral 

contraceptives, no differences in thromboelastographic variables were observed [34]. Use 

of oral contraceptives, aspirin and other non-steroidal anti-inflammatory drugs (NSAIDs) 

was evaluated but thromboelastographic data were not outside normal range values [41]. 

Normally, volunteers using NSAIDs are excluded from studies because inhibition of PLTs 

is expected. In one case, a WB donor showed abnormal PLT aggregation and it appeared 

that he had used aspirin. Although thromboelastographic data, obtained from this donor 

were consistent with the other donors, results were excluded from the study [42]. A specific 

assay was developed to evaluate clot formation induced by PLT agonists, before and after 

intake of clopidogrel or abciximab [10]. Reference values of 43 blood donors, not using any 

medication, assessed with this ‘PLT mapping assay’, revealed lower clot strength (~18.6%) 

after stimulation with ADP but about the same clot strength after stimulation with arachi-

donic acid, compared to kaolin-activated clotting [11]. PLT concentrates of donors who used 

NSAIDs up to 4 days prior to the donation revealed on Day 1 some inhibition of PLTs: slightly 

longer initiation times (~+7-19%) after aspirin, diclofenac or naproxen intake compared to the 

normal controls, but this was only statistically significant for naproxen. These differences 

disappeared during storage [43].

Lifestyle and environment

A pro-coagulant effect of ~7-17% in all variables and attributed to microparticles, was found 

immediately after smoking of two cigarettes, although no differences were seen between 

fasting baseline values of smokers and non-smokers [44]. A lower percentage tPA-induced 

clot lysis was observed post-smoking [45]. Effects of stress on thromboelastographic out-

comes were extensively reviewed by Peng and Rhind [46]. Most relevant to blood donors is 

physiological stress by exercise, temperature extremes or psychological stress due to the 

blood donation procedure. In general, physiological stress gives a hypercoagulable response, 

and also activation of fibrinolysis as the intensity of exercise increases [46]. In thromboelas-

tography, stepwise lowering of temperature from 38°C to 32°C resulted in stronger clots at 

low temperature, but longer initiation times [47].

6
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Blood donation

Thromboelastography was also used to study coagulation status just before and after 

blood donation. Post WB donation, a shorter initiation time was observed which returned 

to baseline within 1 hour. Propagation rate and clot strength did not change significantly, but 

mean values showed also a trend towards hypercoagulability immediately post donation [48]. 

This could not be related to levels of fibrinogen or anti-thrombin III, which did not change 

significantly. Post multicomponent apheresis, lower clot strength (~5%) was observed, the 

net result of lower PLT count (~30%) and fibrinogen levels (~16%) and lower hematocrit (~9%) 

[49]. Post RBC apheresis, again a small hypercoagulable shift was detected. Significant 

effects were observed in clot formation time (-~10%) and clot strength (+~3%) [50]. PLT 

count was similar and fibrinogen level was even lower than before the procedure, so this 

hypercoagulable effect seems due to a lower hematocrit, because a ~13% decrease in 

hemoglobin was observed. Thus, thromboelastography is sensitive to the small and short 

changes in donor coagulation status caused by blood donation.

Summary: healthy volunteers and blood donors

In summary, overall coagulation in TEG or ROTEM assays appears to be sensitive to gender 

and to a lesser extent to the age of healthy volunteers. The difference between men and 

women is most likely caused by the lower hematocrit of blood from females, whereas 

smaller and less pronounced effects on coagulation status of men and women are caused 

by differences in fibrinogen level. Enhanced coagulation was detected in women who used 

oral contraceptives or who were pregnant. Short term hypercoagulable effects are observed 

after smoking or blood donation, while effects of NSAIDs were only observed in an assay 

without red cells.

WHOLE BLOOD DONATIONS AND BLOOD COMPONENTS

With regard to donated blood, it has to be realized that all blood products are diluted with 

anticoagulant, and have their own specific reference values.

Whole blood: Storage time and temperature

Thromboelastography has been used for determining effects of storage time and tempera-

ture on WB. No effects in thromboelastographic clotting variables were observed when WB 
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was stored at 19°C or 25°C during 72 h, probably due to the finding that PLTs and coagulation 

factors were not greatly affected by warm storage of WB [42].

During storage of WB at 4°C up to 31 days, significant changes from baseline values 

were detected on Day 14 in propagation rate and clot strength, indicating deterioration of 

the overall clotting capacity of the WB after Day 10 [51]. The thromboelastographic signal 

appeared to be insensitive to PLT counts, which dropped from about ~210x109/L on Day 

1 to ~80x109/L on Day 7, most likely due to formation of aggregates, because the level of 

spontaneous agglutination progressively increased after Day 2. Cold-stored leukoreduced 

WB, filtered with a platelet sparing filter, showed preservation of fibrinogen function for 

at least 21 days, according to small variations in clot strength (11.4±4.3 to 13.3±5.4 mm, 

FIBTEM). However, when the intrinsic or extrinsic pathways were activated, several variables 

showed a progressive loss of overall clotting capacity, as revealed by significantly longer 

initiation times on Day 3-9 and slower propagation rates combined with lower clot strength 

on Day 10-14 [52].

Thromboelastographic variables were significantly better preserved during 21-day 

storage at 4°C, compared to 22°C, both for WB units which were treated with riboflavin and 

UV light (Mirasol, Terumo) or not [53]. Fibrinolysis was low during the first five days, but 

during the next days this barely increased when WB units were stored at 4°C in contrast to a 

strong increase in fibrinolysis after 22°C storage. Again, PLT counts decreased significantly 

at 4°C (~-30%) but not at 22°C, and clotting factors like fibrinogen, antithrombin III and 

Protein C were better preserved at 4°C. After riboflavin/UV treatment, WB showed slightly 

slower kinetics and lower clot strength than non-treated WB. This small effect could be 

caused partly by the 5-10% dilution with the riboflavin solution and partly by the treatment 

itself. Fibrinolysis was inhibited by the Mirasol-treatment, especially when WB was stored 

at 22°C a large inhibitory effect was observed [53].

In summary, thromboelastographic measurements are helpful to establish optimal 

storage temperature and maximum storage time and temperature of WB units. Sooner 

or later, a loss of overall clotting capacity and resistance to fibrinolysis is observed. The 

thromboelastographic profile appears to be quite insensitive to PLT count and aggregation 

capability, whereas deterioration of clotting factors seem to have more impact on overall 

clotting capacity.

6
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Platelet concentrates: Storage lesion of fresh platelets

Storage lesions of PLT concentrates were assessed [12-14,20,54-56] during 7-13 days of 

storage (Table 1). In most cases, tests were performed by dilution with a plasma pool to 

a fi xed PLT concentration. Experiments showed, in general, increasing clotting rates and 

clot strength when PLT concentration was raised and the opposite when samples were 

diluted. A small increase in initiation time of 11-13% was observed when PLT concentrate 

were diluted 40x instead of 10x [12] or when PLT concentration was lowered from 150 to 

10x109/L [17]. Propagation shifted consistently to a slower clot formation rate when the PLT 

concentrate was diluted [12]. Clot strength increased strongly up to about 50x109/L PLT, but 

leveled off when PLT concentration was further increased to 150x109/L [12] (Figure 3). This 

was confi rmed by clot strength measurements between 100-400x109/L PLT, showing no 

signifi cant differences [20]. However, others observed a signifi cant and consistent increase 

in clot strength, using PLT concentrations ranging from 25-250x109/L in diluted plasma [27]. 

The advantage of using a relative low PLT concentration of 100x109/L to test PLT activity 

with thromboelastography, is a test suspension with a minimum content of PLT concentrate 

storage medium and a maximum content of standard plasma, such as S/D-treated plasma 

(Table 1) [12,56].

Figure 3: Maximum amplitude (MA) as a function of PLT concentration of PLT concentrates (Day 1) diluted to mean 
concentrations of 29x109/L (1 in 40), 58x109/L (1 in 20) or 116x109/L (1 in 10) in S/D plasma (●, ref.12) or of PLT 
concentrate adjusted to fi xed PLT concentrations of 100-400x109/L in pooled recovered plasma (▲, ref.20). Values 
are given as mean ± SD.

During storage of PLT concentrates, a signifi cant decrease of initiation time was some-

times observed [12,14]. In agreement with this procoagulant effect of stored PLTs, increased 

propagation rates were observed in other studies [13,54], while both, a consistent decrease in 

initiation time and increase in propagation rate was obtained with kaolin and microparticle-free 

S/D plasma as medium [12]. Clot strength showed generally small non-signifi cant variations over 
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storage time [all authors]. When PLT concentrates are pathogen inactivated a lower clot strength 

can be observed [14,55]. When poor storing PLTs with pH<6.0 were compared with good storing 

PLTs with pH>6.6, significant differences in clot strength were observed on Day 12. With the poor 

storing PLTs, a weaker clot was obtained and this was denoted as a donor effect [12]. A weaker 

clot was also observed in an apheresis PLT concentrate without swirling on Day 4, because a 

very low clot strength of 22 mm was determined, indicating no contribution of PLTs [57].

The use of thromboelastography for evaluation of PLT storage conditions was explored by 

Arbaeen and colleagues [20]. Artificially poor storing conditions were realized by various deviating 

conditions, compared to standard storage conditions. During 8-day storage, longer initiation 

time was found for PLT concentrates stored without agitation in a gas-impermeable container at 

30°C, probably due to decreasing PLT quality and/or decrease of temperature-sensitive clotting 

factors FV or FVIII [58]. Propagation rate was rather stable under standard conditions but showed 

a consistent decrease under these worst case conditions, starting higher on Day 2 but finishing 

lower on Day 8. The experiments showed a consistent decrease in clot strength over storage 

time.

Summarizing, assays for testing PLT quality of PLT concentrates were performed at 100-

200x109/L in normal plasma, S/D plasma or reconstituted WB, and revealed variable and small 

(10-25%) changes during storage in initiation time and propagation rate, depending on assay 

and PLT storage conditions. A decrease in clot strength was only observed in special cases like 

poor storing conditions, no swirling or after extended storage for some donors. Taken together, 

selective application of a thromboelastographic test for evaluation of platelet storage effects 

is recommended.

Storage lesion of refrigerated platelets

Thromboelastography was applied for comparison of refrigerated PLTs with RT and agitated PLTs, 

but in small studies with overfilled mini-bags [59,60]. Slightly faster initiation times were observed 

after 3-day storage at 4°C without agitation, both compared to baseline and to RT storage [59]. 

Also clot strength appeared to be sensitive to storage temperature, in agreement with the exper-

iments described above. A ~30% lower clot strength was observed on Day 5 [59] or already 

on Day 3 [60] in PLT concentrates stored at RT, but not in refrigerated PLT concentrates. This 

was accompanied by higher fibrinolysis. The authors concluded that storage at 4°C conserves 

hemostatic potential much better than storage at RT, but the thromboelastographic outcomes 

may also be interpreted as demonstrating that storage conditions at RT in the overfilled mini-bags 

were very poor, which was confirmed by high levels of activation marker CD62P on Day 5 [59].
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Quality of frozen platelets

To our knowledge, McNulty et al [61] were the first who performed a thromboelastographic 

test with frozen PLTs. However it is difficult to interpret the results because WB from patients 

was used with normal PLT counts, control samples were not diluted in the same way as the 

test samples, and a TEG of an older model was used in this study.

More recently, a comparison was performed of PLT concentrates before and after the 

freeze/thaw cycle, and reconstitution in plasma or PAS-G [62]. Shorter initiation times were 

measured in post thaw samples compared to corresponding pre freeze samples, either 

reconstituted in plasma or PAS-G. In agreement, additional measurements showed a strong 

rise in phosphatidylserine-exposure and levels of microparticles between pre freeze and post 

thaw samples. Propagation rate was not significantly affected by the freeze/thaw process 

but clot strength was lower post thaw. PLT concentrate reconstituted in PAS-G showed 

slightly slower kinetics (R-time, K-time) and slightly weaker clots than PLT concentrate 

reconstituted in plasma which was most likely an effect of the lower level of clotting factors 

in the test.

Very apparent differences in hemostatic potential between fresh and frozen PLT were 

observed by Pérez-Ferrer et al [63]. They mimicked a transfusion using WB samples from 

patients with very low PLT count (13x109/L). Spiking of frozen PLTs resulted in a considerable 

shortening of initiation time (~40%) and only a small increase in clot strength, from 41 to 

44 mm. In contrast, addition of fresh PLTs resulted in a moderate shortening of initiation 

time (~16%) and a substantial increase in clot strength from 41 to 64 mm. These recent 

experiments show that thromboelastographic tests are sensitive to PLT quality and thus 

may be helpful to optimize the freeze/thaw process of frozen PLT products.

Effects of microparticles in platelet concentrates and plasma

When PLT concentrates are diluted with either microparticle-poor or -rich plasma from PLT 

concentrate aliquots, in a paired study, average clot strength of microparticle-rich diluted 

PLT concentrate was 8.5% higher than when diluted with microparticle-poor diluted PLT 

concentrates [20]. Other experiments with either presence or absence of microparticles 

in plasma [64,65] confirmed that the thromboelastographic profile is sensitive to micro-

particles. When microparticles in plasma were removed by centrifugation and/or filtration 

[64,65], prolonged initiation times (up to 41%) and slower propagation rates (-17%) were 

obtained, in agreement with a lower rate of thrombus generation. However, effects on 

clot strength were not observed in both cases which was interpreted that microparticles 
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predominantly served as pro-coagulant surface. On the other hand, when plasma was 

spiked with the microparticle-containing pellets obtained from the centrifugation steps 

[65], this resulted in shorter initiation times (8-26%), no effects on propagation rate, and 

slightly stronger clots (6-10%). This difference, no effect on clot strength when micro-

particles are removed but increasing clot strength when microparticles are added, may 

be due to a plateau or threshold value. When microparticle concentration is below this 

threshold, the clot strength will predominantly be determined by fibrinogen and removal of 

microparticles has no measurable effect, but when microparticles are added and numbers 

raise above the threshold, they will contribute to clot strength.

Plasma products: Sensitivity to levels of clotting factors

As mentioned above, 50% dilution of WB with albumin resulted in a similar thromboelas-

tographic profile as saline-diluted samples. Although albumin contains higher levels of 

TF, FVII, FXII and α2-antiplasmin than plasma, which could influence the kinetics of the 

reaction, the essential clot forming factors fibrinogen and FXIII, are almost zero. Throm-

boelastographic assays don’t appear to be sensitive to aberrant (low or high) levels of 

many individual clotting factors, except fibrinogen. This is also reported by several authors 

who studied the clot formation potential of fresh frozen plasma (FFP) prepared from WB 

for effects of overnight holding time [65-67] as well as leukoreduction [65]. The effect of 

ABO blood group was studied, but none of the thromboelastographic variables were found 

to be influenced by this, despite the fact that blood group O has lower FVIII levels [65,66].

Despite significantly lower levels of FVII, FVIII, FIX and higher levels of Tissue Factor 

Pathway Inhibitor (TFPI), a more hypercoagulable profile for all variables was detected 

in FFP prepared on Day 1 compared to Day 0 FFP. This increase in hemostatic potential 

appeared to be consistent with increased levels of microparticles seen in the Day 1 FFP, 

which add procoagulant surface for thrombin generation and can increase clot strength 

by physical and/or chemical crosslinking of the fibrin network [66].

Cardigan and colleagues [67] observed no differences in clot formation variables 

between plasma processed after 8 or 24 h, despite lower levels of FVIII (-23%) and a small 

(<5%) loss of FII, FIX and FX in the plasma processed after 24 h. Because also lower levels 

of the anticoagulating proteins, protein C (-6%) and protein S (-14%), were observed, the 

similar thromboelastographic profiles may be the net result of similar ratios of pro- and 

anticoagulating clotting factors.
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In agreement with these experiments, others [65] observed no effects of WB holding 

time (6 vs 24 h) in thromboelastography performed in subsequently prepared plasmas. 

Again lower FVIII levels (~ -25%) after overnight hold and equivalent fibrinogen levels 

were determined. However, when WB was filtered for leukoreduction, also fibrinogen and 

FXII levels were affected (both ~ -15%), and subsequently the corresponding TEG curves 

showed longer initiation times (~ +10%), no shift in propagation rate and weaker clots 

(~ -15%). The other way around, in case of freeze-drying of plasma, which resulted in 

increased levels of FXIII B chain, FXI, thrombin-activatable fibrinolysis inhibitor (TAFI) and 

Protein C (all ≥ +50%) but which did not change fibrinogen levels, no impact on throm-

boelastographic profile was observed, compared to the original plasma [29].

In agreement with these results obtained with plasma, in vitro experiments with pro-

thrombin complex concentrate, containing the vitamin K-dependent coagulation factors 

prothrombin, FVII, FIX, FX, and protein C, protein S, anti-thrombin/heparin, showed no 

significant change in thromboelastographic profile after spiking diluted WB. Again, this 

could be the sum of counteracting effects of pro- and anticoagulating proteins. However, 

when the prothrombin complex concentrate was spiked in diluted plasma a shorter 

initiation time was observed, indicating a larger effect of the pro- than anticoagulating 

proteins and enhancement of test sensitivity. When the fibrinogen level was increased by 

addition of fibrinogen concentrate, increased propagation rates and clot strength were 

measured, both in diluted WB and diluted plasma. The sensitivity to this enhancement of 

clot formation disappeared in case the diluted plasma was enriched with 100x109 PLT [27]. 

Dependent on PLT concentration, small increases in clot strength of 8-20% were observed 

in reconstituted WB samples after a 100% increase of fibrinogen concentration [9]. So, 

effects on coagulation by addition of factor concentrates are best tested in diluted plasma. 

In studying treatment of hyperfibrinolysis, WB samples were spiked with cryoprecipate, 

fibrinogen concentrate or FXIII concentrate, which resulted in lower tPA induced fibrino-

lysis. The ROTEM test revealed the greatest change with cryoprecipitate, designated as 

the best option for attenuation of hyperfibrinolysis. [19].

In S/D treated plasma, lower levels of the coagulation inhibitor protein S and the fibri-

nolysis inhibitor α2-antiplasmin did not result in different thromboelastographic profiles 

at high TF concentration [15]. Very short initiation times of about 100 seconds were 

measured in all types of plasma. However, when low TF concentration was used in the 

assay, thereby shifting initiation times to >200 seconds, S/D treated plasma showed a 

significantly shorter initiation time compared to FFP and reference plasma. The low TF 
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concentration used, resulted in a more sensitive test to detect the lower protein S levels. 

The test appeared also to be sensitive to the lower α2-antiplasmin levels which was seen in 

a more than 50% reduction of clot lysis time with tPA [15,16]. Moreover, a gradual decrease 

of clot lysis time was obtained with increasing S/D plasma fraction and simultaneously 

decreasing FFP fraction in reconstituted WB, both with 150 and 10x109/L PLTs [17].

Quality of liquid stored plasma products

Few studies have been performed using thromboelastography for testing quality of 

stored plasma products. Spinella and coleagues [23] characterized FFP after thawing 

during 5 day storage and liquid never frozen plasma stored for 28 days. Changes in 

kinetic variables were not significant, although average values shifted to longer initia-

tion times and lower propagation rates. Regarding clot strength, a large decrease over 

storage time from ~42 to ~28 mm was observed in liquid plasma, thereby reflecting the 

same clot strength as FFP. The differences can be ascribed most likely to the different 

PLT counts, 4-15x higher in liquid plasma and the different process of PLT disintegration 

during the freeze/thaw cycle versus storage.

When testing thawed cryoprecipitate [68] only diluted by the addition of activator 

and Ca2+, very short initiation times of ~75 sec were observed and approximately a 

twice as high clot strength as plasma (~50 mm). No changes in initiation time and 

propagation rate occurred during 72 hours of storage at ambient temperature, but a 

small significant decrease in clot strength was observed after 10 and 24 hour, which 

reached baseline level again after 48 hour. Again, the test was not sensitive to the small 

decline of FVIII (<10%) after 24 hour storage and results were in agreement with the 

stable levels of fibrinogen and FXIII. ROTEM tests were supportive to suggest a longer 

shelf life of cryoprecipitate after thawing. A point of criticism may be the application 

of an assay with very fast clotting rates, which is less sensitive to variations in levels 

of coagulation factors than a slower assay, which can be obtained by dilution and/or 

lower concentrations of TF. In summary, thromboelastographic assays may reveal the 

impact of plasma storage time on its overall hemostatic potential, provided that an 

appropriate assay is chosen and contributions of coagulation factors and residual cells 

are distinguished.
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Effects of pathogen inactivation treatment

In an unpaired study, plasma treated with amotosalen and UV light (Intercept, Cerus) showed 

slightly longer initiation time (~+18%) when the intrinsic pathway was activated with ellagic 

acid, compared to FFP [69]. The opposite - a shorter initiation time, lag time and time to 

peak – was observed when the extrinsic pathway was activated with TF, in a FIBTEM test 

and a thrombin generation assay. This was explained by a possible greater sensitivity for the 

intrinsic pathway for the lower content of coagulation factors and microparticles, compared 

to a greater sensitivity for the extrinsic pathway for the significantly lower protein S activity 

for pathogen inactivated FFP.

However, in a paired study, with TF as activator, no change in kinetic variables was 

observed when methylene-blue- or amotosalen-treated plasma were compared with 

untreated FFP. Treatment with methylene-blue caused a larger change to increased clot 

strength, compared to amotosalen-treated or untreated plasma. Corresponding cryoprecip-

itate showed, although not significant for all variables, consistent decreasing clot forming 

potential in the order FFP, FFP(amotosalen) and FFP(methylene-blue), expressed by longer 

initiation times, slower propagation rates and weaker clots [70]. Thus, thromboelastographic 

assays were also helpful to quantify the impact of pathogen inactivation treatment of plasma 

on its overall hemostatic potential.

Summary: Whole blood donations and blood components

Thromboelastographic variables in WB donations are sensitive to storage time and tem-

perature, but are less sensitive to levels of clotting factors. Platelet count and quality have 

little influence on thromboelastographic variables, and differences are mainly observed at 

counts <100x109/L, after extended storage time of platelet concentrates or storage under 

specific conditions, including freezing. Thromboelastographic profiles of plasma samples 

are mainly affected by residual cell counts, microparticles and fibrinogen levels, and less 

by levels of clotting factors.
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CONCLUSION

TEG and ROTEM have been widely applied for characterization of the coagulation status of 

healthy volunteers, as well as for testing the quality of WB and blood components like PLTs 

and plasma. Thromboelastographic variables of WB are mainly sensitive to the collection 

procedure, hematocrit, plasma content, fibrinogen level, storage time and temperature, and 

are less sensitive to levels of procoagulant clotting factors. PLT count and quality have less 

influence on variables, both in testing WB or PLT concentrates, and differences are mainly 

observed at counts <100x109/L, after extended storage time, or storage under alternative 

conditions, including freezing, and/or at special test conditions in absence of other cells. 

Variables in samples of plasma are mainly affected by residual cell counts, microparticles 

and fibrinogen level, and less by levels of clotting factors. As an overall clotting assay, throm-

boelastography may support optimization of blood component preparation and storage, 

provided that an appropriate assay is chosen.
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