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General introduction 
Historical review over coagulation and measurement techniques 
 

Blood is the only fluid organ. However, it can clot to a solid mass under certain 

physiological (haemostasis) or pathological (thrombosis) conditions. Already the 

Greek Aristoteles (322 A.D.) reasoned that the clotting process is initiated by the 

outflow of blood from the body. An early idea was that the high body temperature is 

needed to keep blood in the fluid state, and this perception persisted until the 18th 

century. At that time, also another concept on blood coagulation became popular, 

namely that blood was fluid only in a living individual but started to clot once outside 

the body in a “dead” environment [1]. However, with the 19th and 20th century 

knowledge of biochemical reactions [2], the process of blood coagulation is 

understood as an enzymatic cascade of proteolytic events, in which thrombin and 

platelets plays a central role in achieving fibrin formation and polymerization into a 

macroscopic clot. 

 In current clinical practice, it is important to dispose of laboratory tests that 

support rapid decision-making in diagnosis or treatment of bleeding, especially in the 

acute perioperative clinical setting. Adequate tests are needed for the coagulation 

process itself, for platelet function as well as for other important hemostatic 

components such as von Willebrand factor. For optimal diagnostic performance of 

these laboratory tests, not only the pre-analytical, analytical and post-analytical 

variables of blood samples need to be well controlled, but also the tests need to be 

carried out with sufficiently high sensitivity and specificity. Furthermore, especially for 

the point-of-care situation, test results need to be available as rapidly as possible with 

minimal blood sample preparation. Hence, there is great interest in whole-blood 

screening tests. A good screening test can be described as giving minimal discomfort 

to the patient, inexpensive, easy to perform, reliable with low (pre)analytical variability 

and discriminative. 

In the present thesis we have used three different types of hemostatic screening 

tests (with plasma or whole blood) to predict hemostatic insufficiencies and to monitor 

the risk of acquired bleeding: 
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1. Screening tests for plasmatic coagulation kinetics (prothrombin time, activated 

partial thromboplastin time, thrombin generation); 

2. Screening tests for platelet function in plasma or blood (platelet function 

analyzer, multiple electrode impedance aggregometry); 

3. Screening tests for coagulation capacity of whole-blood (thrombelastography, 

thromboelastometry). 

Below, we briefly introduce these tests from a historical perspective. 

 
Screening for defects in plasma coagulation kinetics 
 

The first laboratory tests to measure blood coagulation parameters were developed 

in the 19th century. An early method to assess the clotting time of blood was that of 

Vierordt [3], who used a white horse hair to draw through a glass tube containing 

freshly isolated blood, and determined the time that the hair became reddish 

(adherent red cells) or covered with coagulum (fibrin). The first description of Ca2+-

scavenging reagents like oxalate to suppress the natural clotting of the blood was in 

the same period [4]. The use of anticoagulated blood samples allowed development 

of the first kinetic-based coagulation tests by the measuring the time interval from re-

calcification to initial fibrin clot formation. Citrate-anticoagulated plasma was used in 

the clotting time tests of Howell and Lee-White [5-7]. A major disadvantage of these 

was that they were global and did not differentiate between different types of 

coagulation abnormalities. Biochemical insight into the process of blood coagulation 

developed in the early 20th century, when Morawitz presented a scheme in which 

prothrombin by CaCl2 activation yielded thrombin that converted fibrinogen into fibrin 

[8, 9]. At present, assessment of fibrin formation using citrate-anticoagulated plasma 

and recalcification with CaCl2 is still the common procedure. Also the insight that 

coagulation measurement needs a kinetic approach – e.g. determining the time and 

rate of fibrin clot formation – has remained unchanged. 
 
Prothrombin time (PT). In 1935, Quick developed the first prothrombin time (PT) 

assay for measurement of fibrin clot formation in platelet-poor plasma (PRP). In the 

literature, this is still referred to as the Quick time. This method was modified by 

Owren [10-12]. Later in 1954 brain thromboplastin (a preparation containing human 

tissue factor and phospholipids) was added to stabilize the test results. This modified 
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PT test rapidly became the standard one-stage coagulation test in clinical 

laboratories [13]. Since plasma is triggered here with a source of tissue factor, 

phospholipids and CaCl2, the PT monitors the so-called extrinsic pathway of the 

coagulation process. 

 The discovery of vitamin K as a key nutritional component controlling 

coagulation came from studies to the origin of sweet clover disease in cow and 

sheep, which presented in these animals as a bleeding tendency after intake of large 

amounts of sweet clover [14]. The cause of bleeding appeared to be the substance 

dicoumarol, which acts as a vitamin K antagonist, blocking the formation of active 

vitamin K-dependent coagulation factors [15]. Already in 1942, dicoumarol was 

clinically introduced as vitamin K antagonist in the treatment of thromboembolism 

due to atrial fibrillation, while the Quick time assay was used to assess the treatment 

efficacy [16, 17]. It soon appeared that monitoring of the PT in seconds was 

imprecise, because of the variability between thromboplastin preparations. 

Commercial thromboplastins can be derived from either human or animal tissues, or 

be reconstituted from purified components (recombinant tissue factor and synthetic 

phospholipids). To reduce inter-assay variability and come to a standardization of the 

PT test, the international normalised ratio (INR) was introduced in 1983 [18]. This is 

the ratio of the patient’s plasma prothrombin time and the prothrombin time of a 

standardized normal pool plasma, which is measured by the use of a WHO reference 

thromboplastin sample. 

 Currently, the standardized INR is used worldwide to check the anticoagulant 

state of patients on vitamin K antagonists. The PT is still a valid screening test for 

congenital (hemophilia) or acquired (liver disease, disseminated intravascular 

coagulation) abnormalities, although its sensitivity and specificity are dependent on 

the activating reagent and the analytical equipment. 

 

Activated partial thromboplastin time (aPTT). The inability to diagnose 

haemophilias with the Quick test stimulated Brinkhous and colleagues to develop a 

more feasible test, the partial thromboplastin time [19]. The name partial 

thromboplastin time was chosen, because coagulation in plasma was only triggered 

with CaCl2 and phospholipids, leaving out tissue factor. Because the method was 

laborious and unstable, Rapaport and colleagues reported in 1961 a stabilised 

version by adding kaolin (a clay mineral), which acts as activator of the intrinsic 
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pathway of coagulation [20, 21]. The result was the activated partial thromboplastin 

time (aPTT) test. This test is widely used in clinical practice, even though the 

commercially available tests can differ in type of activating reagent (kaolin, ellagic 

acid, silica) and in general assay performance [22, 23]. 

 Because of its global nature, the aPTT is of limited sensitivity to coagulation 

factor deficiencies or anticoagulant therapies. Individual coagulation factor 

deficiencies in plasma need to be >70% to give a prolonged test result. Multiple 

factor deficiencies may cause prolongation when being less severe. A prolonged test 

outcome is also obtained with substances interfering in the coagulation process, fibrin 

degradation products, and anticoagulants like heparin. The aPTT is less sensitive for 

vitamin K deficiency and oral vitamin K antagonists compared to the PT. 

Unfortunately, it is also sensitive to sample collection artefacts, which may result in 

artificial prolongation. 

In daily practice, the aPTT is used to screen for intrinsic factor deficiencies and 

to monitor for heparin levels [24]. National and international guidelines on the 

management of massive bleeding in surgery and trauma still recommend the aPTT 

as screening test to guide hemotherapy [25-27]. However, they also mention 

shortcomings of the test, such as a high turn-around time and information on only the 

initial stage of the coagulation process. Guidelines to reduce the pre-analytical and 

analytical variables in the measurement of PT, INR and aPTT have been published 

for the Netherlands [28]. Yet, there is a need for better tests to monitor the whole 

coagulation process. 

 
Thrombin generation test. There is revived interest in the measurement of thrombin 

generation, which mostly occurs as a global assay determining the integrated 

‘working power’ or capacity of thrombin in plasma, which is triggered with specific 

activators (e.g., tissue factor or kaolin). This contrasts to the PT and aPTT, which 

monitor the initial formation of a fibrin clot, at a time point when only 4% of the total 

amount of thrombin is generated. Hence, the thrombin generation test may give more 

information on the later stages of the coagulation process. 

 The first thrombin generation assays, published in 1953, were laborious and 

technically difficult to perform, as they required sub-sampling from a plasma mixture 

at regular intervals into series of tubes containing fibrinogen, in which then clotting 

times were determined [29, 30]. The latter were used to estimate the thrombin 
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concentration at the time of sampling, by calibration with a dose range of thrombin 

standard. In 1986, the Hemker group replaced the fibrinogen tubes by vials with a 

thrombin-cleavable chromogenic substrate, in order to obtain time-plots of the 

generation and subsequent inactivation of thrombin in plasma, which allowed 

calculation of the area-under-the-thrombin curve [31]. The endogenous thrombin 

potential was introduced as a parameter based on the area-under-the-curve, and 

thus reflecting the total activity of thrombin formed during the course of the test. 

However, it soon appeared that the curves needed a correction. In plasma thrombin 

is rapidly inactivated by both antithrombin and α2-macroglobulin. Whilst the thrombin 

bound to antithrombin is unable to cleave chromogenic substrate, the thrombin 

bound to α2-macroglobulin retains its chromogenic activity, but it is no longer active 

in the coagulation process. Hence, an algorithm was employed to correct for the 

(non-physiological) contribution of thrombin bound to α2-macroglobulin to the 

substrate cleavage. One limitation was that the early versions of the thrombin 

generation test required prior defibrination of the plasma to prevent quenching of the 

chromophore by fibrin clots. 

 Later, replacement of the chromogenic substrate with a low-affinity fluorogenic 

substrate enabled not only the testing of plasma (or PRP) with fibrinogen, but also 

the continuous measurement of fluorescence development in one sample without the 

need of sub-sampling. Another modification was the simultaneous measurement of a 

calibration curve, consisting of the fluorescence development of a constant amount of 

thrombin in the same plasma. This led to the so-called calibrated automated 

thrombogram (CAT) assay [31]. Alternative methods have been developed as well. 

Current thrombin generation assays have been used to detect coagulation hypo- and 

hyper-function as well as the role of platelets in coagulation [32-36]. However, the 

method of triggering and other test circumstances can change from study to study. 

This requires caution when comparing data from different studies and when applying 

the results to therapeutic strategies [36]. Furthermore, variation in the pre-analytical 

conditions of sample preparation can influence the test outcome [37]. Another 

limitation is the need to prepare (platelet-rich) plasma from blood samples, which 

makes it not suitable as a bedside test. This has recently stimulated the Hemker 

laboratory to develop a whole-blood thrombin generation test [38], which is currently 

validated and standardized. 
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Screening for platelet function in plasma or whole blood 

 

The first platelet function test was published in 1910, when Duke described a method 

to measure the bleeding time in healthy volunteers. With a small lancet a wound was 

made in the forearm, and the time was measured until stopping of the bleeding [39]. 

Modified versions of this test, used in current clinical practice, are still in use and can 

inform on the process of primary hemostasis in vivo, particularly reflecting the 

prohemostatic activities of platelets and von Willebrand factor. A drawback of 

bleeding time measurements is that these are cumbersome and difficult to 

standardize [40]. 

 The first test to check for platelet function in vitro, described in 1941, 

monitored the adhesion of platelets to a glass surface, which reflected the platelet 

count in blood [41]. Later in 1962, Born described the meanwhile classical method of 

platelet aggregation measurement by light transmission aggregometry (LTA). In the 

original assay, platelets in plasma were stimulated with ADP and the increase in light 

transmission of the initially turbid PRP sample was determined [42]. Currently, LTA is 

routinely applied with many other platelet-activating substances at a range of 

concentrations [e.g., ADP, epinephrine, arachidonic acid, thrombin receptor-

activating peptide (TRAP), collagen, thromboxane analogue]. The LTA is considered 

as golden standard of platelet function testing. Thrombin as a potent platelet agonist 

was firstly used by Zucker and colleagues [43, 44]. Limitations of platelet function 

analysis by LTA are that the test is laborious, since it requires the preparation of 

PRP, that it is subjected to inter-laboratory variation and requires skilled personnel 

[45, 46]. Current guidelines and references for LTA still differ in pre-analytical and 

analytical variables [47-49]. Furthermore, tests based on LTA do not take into 

account the interactions between platelets and other blood cells. 

 

Multiple electrode impedance aggregometry in whole blood. In 1980 the 

technique of multiple electrode impedance aggregometry (MEIA) was introduced, 

which allows platelet aggregation studies in whole blood to measure agonist-induced 

platelet aggregation in a way sensitive to indomethacin or aspirin [50]. The 

impedance aggregometry method detects the changes in electrical conductance due 

to adhesion of platelet aggregates to an electrode placed in a stirred whole blood or a 

PRP sample. The initial electrodes consisted of platinum and were not disposable, 



	   16 

meaning that time was needed for their cleaning. An important move forward was the 

commercial availability of whole-blood Chronolog impedance aggregometer, which 

dispose of non-disposable palladium electrodes and have been used for several 

studies [51, 52]. A next generation machine, also using whole-blood, is provided by 

the MEIA test. In a multi-tube-based assay, a range of electrodes is placed in 

disposable cups, which are stirred with a small magnet [53]. The electrodes record 

platelet deposition and aggregation in each cup, and hence give immediate 

information on platelet function. This system is attractive for point-of-care use. The 

commercially available device is commonly used to test for up to five platelet agonists 

(ADP, arachidonic acid, TRAP, collagen or ristocetin). Current standardisation issues 

in MEA concern the way of blood drawing, the type of anticoagulant in the test tube, 

and the minimally required platelet count and hematocrit [54]. 

  

Platelet function analyzer. The Platelet function analyzer-100 (PFA-100) was 

introduced in 1995 as a method to assess platelet function in citrated whole blood 

under shear stress [55, 56]. In this assay, anticoagulated whole blood is injected 

under constant flow into a capillary tube, containing a grid covered with collagen and 

epinephrine or ADP. The time needed to occlude the grid by aggregated platelets 

(closure time) is measured as an indicator of platelet function. The capillary is 

incorporated in a disposable cartridge, which makes the device robust and easy to 

use. Although the first studies suggested that the closure time measured with the 

PFA-100 can be used as a proxy for the in vivo bleeding time, later more thorough 

investigations showed that its sensitivity is limited, and main confined to the detection 

of von Willebrand disease, severe platelet disorders and, in most cases, the efficacy 

of patient treatment with aspirin [57]. Moderate or mild thrombocytopathies however 

are not detected with the PFA-100 [58]. 

 
Screening for coagulation capacity in whole blood 
 
There is increasing interest in the use of tests to determine the overall coagulation 

potential or capacity in whole blood samples. The newly developed method of whole-

blood thrombin generation (see above) also falls in this category. 
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Thrombelastography was introduced in 1948 as a method to follow the kinetics of 

the complete coagulation process in whole blood [59]. In the original method fresh 

whole blood in a cup is mixed with a coagulation activator like kaolin. A pin, 

connected to a torsion wire, is brought into the mixing cup and the cup is 

continuously turned to an angle of 4.45’. The gradual formation of a fibrin clot 

increases the torsion strength and damps the movement of the pin until, at complete 

fibrin formation, the pin becomes almost fixed. Registration of the movement of the 

pin in time gives characteristic graphs, from which the start of fibrin formation, and 

the time and maximal formation of elastic fibrin clots can be read. The method also 

detects gradual resolution of the clot due to fibrinolysis [59]. Soon after its 

description, the thromboelastography method was criticized, because its high 

sensitivity to artificial vibrations and the lack of detecting single factor deficiencies [5, 

60]. However, it was tested with success to test prophylactic anticoagulation as well 

as heparin or anti-fibrinolytic therapy [61-63]. In the mid 1980ties, it was picked up as 

a possible bedside point-of-care test for monitoring hemostasis after liver 

transplantation [64] or major cardiac surgery [65]. 

 In the last decade, after introducing small modifications and automation of the 

technique, thrombelastography has become a method with a wider range of 

applications [66]. Currently, two (semi)automated commercial devices are on the 

market. The thromboelastometry (TEM) apparatus uses a fixed cup with a pin that is 

rotating [67]. The other thrombelastography (TEG) system makes use of the classical 

method with rotating cup [68]. While being designed as kinetic tests, both methods 

effectively measure the capacity of the coagulation process in terms of maximal fibrin 

clot formation [68]. During the last 5 years, both commercial systems have been 

shown to be suitable for detecting and treating coagulopathy during massive 

perioperative bleeding, especially in patients were fibrinogen levels become low [69-

71]. It is expected that thromboelastography will become an important method in 

guiding haemostatic therapy at the bedside, particularly in the operation theatre. This 

point of care device may also predict bleeding during obstetric surgery, at the 

emergency department, and at the intensive care unit [72, 73]. 
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Which are the best tests to use perioperatively? 
 
Conventional tests of clotting times, such as PT, INR and aPTT, are insufficiently 

sensitive to detect bleeding risks in patients before, during and after surgery. 

Potentially more useful are the newer capacitative coagulation tests measuring 

thrombin generation (CAT) and elastic fibrin clot formation (thromboelastography). 

However, these tests still require further standardization with regard to pre-analytical 

variables and cutoff values for specific clinical settings. The clot formation tests 

(TEM, TEG) are already being used as bedside point-of-care tests, thus linking the 

hospital laboratory directly into the clinic (operation theatre, intensive care unit, heart 

catheter laboratory). Current whole-blood platelet function tests (MEIA, PFA-100) are 

also being brought to the bedside. 

 It is foreseen that, collectively, these whole-blood assays offer a more 

comprehensive insight into the hemostatic process in acquired, perioperative 

bleeding or trauma than the PT or aPTT. The advantages are obvious. Test results 

are available within minutes, and they provide immediate information on various parts 

of the hemostatic system, coagulation initiation and capacity and platelet count and 

function. Ideally, these tests can guide the prohemostatic therapy according to the 

actual needs of each patient during and after the intervention, thus avoiding any 

over- or under-transfusion. The beneficial effects of whole-blood bedside tests have 

indeed been discussed in the literature with respect to transfusion treatment of 

bleeding patients, or drug treatment of thrombosis patients who are resistant to 

platelet inhibitors [68, 71, 74, 75] in trauma care, the bedside monitoring of the 

hemostatic process can guide transfusion of patients with blood products (reds cells, 

fresh-frozen plasma, platelet concentrates), also to reduce further hemodilution that 

may aggravate the bleeding [76, 77]. On the other hand, overtreatment with 

prohemostatic interventions may give rise to thrombotic complications [78]. An 

important discussion point is whether the point-of-care tests should be performed in 

the operating room or in the central hospital laboratory with dedicated and trained 

technicians under the supervision of a laboratory specialist [79-82]. 

 The overall aim of this thesis is to come to a better performance of the circle of 

quality improvement in bleeding management (Figure 1). This quality improvement 

relies on close collaboration between care givers and the hospital laboratory in order 

to continuously ameliorate the treatment of hemorrhagic patients. Therefore, 
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investigations were carried out to determine how laboratory tests can improve 

diagnostics in hemostatic control of a given patient, and can help to develop a 

patient-tailored therapy plan stopping bleeding earlier. 
 
Outline of this thesis 
 

Following chapter 1, the present introduction, chapter 2 illustrates the importance of 

precise pre-analytical conditions for the measurement of mean platelet volume, which 

may be considered as a surrogate parameter for platelet activity. A review describes 

the potential drawbacks in using and implementing this haemostasis parameter. In 

addition, a study is presented to perform standardized measurements of mean 

platelet volume with reference ranges. Described in chapter 3 are key pre-analytical 

factors influencing platelet function analysis using PFA-100 and whole-blood 

aggregometry. Chapter 4 focuses on a practical clinical question, how to transport 

blood samples and products in the hospital, particularly for the point-of-care testing of 

patients undergoing surgery. In chapter 4a, the reliability is examined of sending 

blood samples via a pneumatic system between the operation theatre and the 

laboratory for thromboelastometric analysis. Subsequently, in chapter 4b the 

feasibility of transport of platelet concentrates through the pneumatic system is 

investigated. 

 Chapter 5a gives a comprehensive description of current treatment options for 

obstetric patients suffering from peripartal bleeding. The review focuses on the 

potential improvement of treatment directed by point-of-care devices measuring 

coagulant activity. Chapter 5b describes how modern diagnostic tools can help in 

predicting the bleeding risk in an obstetric patient. In chapter 6a the effects of 

haemorrhage and hemodilution on capacitative coagulation parameters (thrombin 

generation and fibrin clot formation) are investigated in three groups of patients. In 

the ensuing chapter 6b, a new treatment strategy (infusion of fibrinogen concentrate) 

was prospectively studied in patients suffering from massive haemorrhage due to 

major elective surgery. The results from the various chapters are put together in 

chapter 7, where a ‘representative’ patient is presented, who may benefit from 

improvements of point-of-care diagnostics by close collaboration of the clinicians and 

laboratory specialists, with also attention to future developments. 
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Fig. 1: A quality circle of improvement in bleeding management. Starting with hemorrhage in a given 

patient, laboratory tests are needed to improve diagnostics and come to an optimized therapy plan. 

The chosen treatment of the patient should stop the bleeding. However, in trauma and surgery the 

circle needs to be repeated at the next bleeding situation, where the process of quality improvement 

starts again. 
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Abstract 
The impedance method has developed to an automated assay integrating mean 

platelet volume (MPV) measurement as a routine parameter with blood cell counts. 

Papers have described the MPV as a marker of platelet reactivity and independent 

risk factor for cardiovascular diseases. This implies knowledge of the pre-analytical 

variability of this parameter, and the need to have pre-analytical standards. This 

review shows the high variability in the literature describing MPV as a marker of 

platlet function in cardiovascular disease. This review further provides an in-depth 

survey of the methods for MPV measurement and their drawbacks. A possible 

approach to standardization is proposed. 
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Background 
More than one hundred years ago, platelets were called the dust of blood. They were 

thought to be disintegrated parts from leukocytes or fibrin. In 1882, Bizzozero who 

was the first to acknowledge the importance of platelets used the term piastrine 

(small plates). He showed that platelets play a key role in blood coagulation [1, 2]. 

Since that time, the multiple properties of platelets have been investigated 

intensively, and a myriad of platelet receptors has been found. In the 1970s, 

Karpatkin and colleagues were among the first associating platelet size with platelet 

function [3]. Martin and colleagues showed in the 1980s that larger platelets are 

increased in reactivity and shorten the bleeding time [4]. Larger platelets were found 

to express higher levels of P-selectin and glycoprotein IIb/IIIa (GPIIb/IIIa) [5, 6]. IT 

was considered that platelet volume may be a risk marker for cardiovascular disease 

[7]. In about 1000 publications throughout the past decade, mean platelet volume 

(MPV) has been investigated as a potential marker of platelet reactivity and a 

surrogate parameter for a broad variety of diseases. Several diseases are strikingly 

associated with MPV abnormalities. For example, a pathognomonic sign for the 

Bernard-Soulier syndrome is increased platelet size (also called giant platelets). Also 

increased platelet turnover is associated with changes in platelet size and function 

[8]. Large platelets have been associated with cardiovascular disease and 

prothrombotic states, whereas small platelets are detected in chronic inflammatory 

diseases, e.g. lupus erythematodes, inflammatory bowel disease and rheumatoid 

arthritis [9]. This might be explained by the influence of immune mediators and 

growth hormones on platelet production [10, 11]. 

Accurate measurements of platelet count and size are important for 

diagnostic, therapeutic and research purposes. Once hematological tests were 

imprived by the invention of the Coulter principle in the 1950s, size- and count-

related parameters of platelets became easier to determine. In the late 1970s, MPV 

was added as a standard parameter to the standard set of blood count 

measurements in automated procedures. However, interpretion of the MPV value – 

thus, using it as a marker in clinical settings – is not straightforward due to drawbacks 

of the laboratory analysis and the interpretation. Currently, there is no pre-analytical 

standard for MPV measurements [12]. 

In the present article, we demonstrate the high technical diversity of 

measurement types of MPV. After a brief recapitulation of platelet production and 
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physiology, we describe the factors contributing to the value of the MPV in more 

detail. Finally, we give a recommendation to standardize the measurement of MPV. 

 

Literature overview on MPV and cardiovascular disease 
Initially, we conducted a PubMed literature search for papers on MPV. This PubMed 

search was performed for studies using human subjects, with abstracts in Dutch, 

German or English, using the following search terms: mean platelet volume (all 

subheadings) OR MPV (all subheadings) OR platelet sizing (all subheadings) AND 

cardiovascular diseases (MeSH) OR atherosclerosis (MeSH) OR coronary disease 

(MeSH) OR hypertension (MeSH) OR myocardial infarction (MeSH). Due to the vast 

amount of resulting publications, the search criteria were then limited to MPV 

publications related to cardiovascular disease between 2006 and 2011. 

Cardiovascular disease was selected as interest area, because many studies discuss 

this in relation with MPV [13]. For instance, reports describe MPV as a risk factor for 

myocardial infarction, coronary artery disease and stroke [14, 15]. 

 The limited search resulted in 126 articles, 63 of which were not directly about 

the MPV measurement method, and were excluded. Full texts of the remaining 63 

articles were analyzed, and methodological design of the studies was assessed in 

three ways: type of anticoagulant used for blood drawing tubes; differences in time 

delay between blood drawing and MPV measurement with ethylenediamine 

tetraacetic acid (EDTA) anticoagulant after 120 minutes and with citrate after 60 

minutes [16, 17]; and cell count device or method used. 

 Two articles were excluded: one was a meta-analysis and one a review. The 

remaining 61 articles mentioned at least one of the methodological items. More than 

half of the authors (62%, n = 39/61) were aware of technical drawbacks of their 

methods, and they described all three analyzed variables (anticoagulant type, time 

interval of measurement, and counting method) (Figure 1). The majority of the 

authors did not present solutions for standardizing these variables. More specifically, 

82.5% (n = 52/61) of the studies reported the type of anticoagulant which used but 

not the concentration (for heparin, EDTA and citrate: 1, 41 and 10 studies, 

respectively). In 65% (n = 41/61) of the studies, the time interval between blood 

sampling and measurement was given, but only 3.2% (n = 2/61) followed the general 

recommendation [16, 17] to measure after 120 minutes in EDTA anticoagulant, and 
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Figure 1: Search strategy: 126 articles met the initial search strategy criteria, 63 dealt with MPV 

measurement methods, 2 papers were excluded (a review and meta-analysis). Furthermore, 52 

papers described the anticoagulant used, 41 included the time interval to measurement, and 59 

reported on the detection method. Only 2 articles informed on all standardization criteria 

(anticoagulant, time interval for measurement, and detection method).  

 

after 60 minutes in citrate medium. More than ten different descriptions of the time to 

measurement were present, ranging from immediately after blood sampling to within 

24 hours after sampling, and almost any interval in between. Finally, 93.7% (n = 

59/61) mentioned the device used for measurement. All kinds of techniques were 

used for this measurement. This high variability causes confusion and makes 

comparisons difficult. 
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Platelet production 
The intra-individual platelet count is normally maintained within a narrow range during 

a person's life, whereas the average platelet count between individuals can differ up 

to three-fold (150 to 450 × 109/liter) [18]. Nevertheless, the total platelet mass, which 

is the product of platelet count and MPV, is normally fairly constant [19]. In general 

the platelet count is inversely related to the MPV. Hence, in patients with low platelet 

count the MPV is larger and vice versa [16, 20, 21]. The normal range of platelet 

count can be defined as the mean ± 2 SD of the count of a group of healthy 

individuals [22]. 

An adult generates approximately 1011 new platelets per day that have a 

lifespan of about eight to ten days. The production may increase up to tenfold in the 

event of higher demands for platelets (e.g. at blood loss) [11]. Under these 

conditions, the MPV of freshly released platelets is increased within eight hours after 

onset of thrombocytopenia [23]. However, the relation between platelet size and 

platelet age is still being debated. Some authors argue that platelets decrease in size 

due to aging, whereas others do not support this theory. It is known that platelet size 

decreases as a result of chemotherapy and radiation. The mechanism of this is 

unclear. It may be due to the therapy (alteration of thrombopoiesis) or to an effect of 

selective consumption of larger platelets. The latter explanation is valid for surgical 

and trauma patients [16, 24].  

The spleen plays a central role in platelet homeostasis. It removes old 

platelets from the circulation. Moreover, the spleen stores one third of the total 

platelet number, while its release depends on adrenergic stimuli [25]. The amount of 

storage may increase up to 85 to 90% of the total platelets in case of splenomegaly 

[26, 27]. On the other hand, platelet size decreases in inflammatory diseases such as 

systemic lupus erythemadodes, inflammatory bowel disease and rheumatoid arthritis 

[9]. This might be a result of the delicate interaction of thrombopoietin and immune 

mediators on platelet production. It is known that tumor necrosis factor alpha, 

interleukins 1 and 6, and granulocyte-macrophage colony-stimulating factor affect 

megakaryocyte proliferation and platelet count [9-11]. 
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Platelet physiology 
Besides their well-known function in hemostasis, platelets also play a role in 

inflammatory and immune-modulatory processes. Their surface holds a variety of 

glycoprotein receptors. The presence of glycoprotein IIb/IIIa (GPIIb/IIIa) is unique to 

platelets, and its absence is indicative for Glanzmann’s thrombasthenia. Important for 

hemostasis is also the GPIb-V-IX complex, the absence of which is a pathognomonic 

sign for Bernard-Soulier syndrome. In addition, the platelet membrane contains 

receptors for thrombin, ADP, collagen, thromboxane and many other platelet-

activating substances. 

Platelets contain secretory granules, which are release during coagulation in 

hemostasis. The most numerous are alpha granules, in which fibrinogen, von 

Willebrand factor (vWF), thrombospondin and fibronectin are stored. Their number 

depends on the size of the platelets, but is about ten times higher than the number of 

dense granules [28]. Disease-specific changes in granular number are the giant 

alpha granules, associated Paris-Trousseau/Jacobsen syndrome and the 

hypogranular, White platelet syndrome. Degranulation of alpha granules is an early 

sign of storage injury together with surface exposure of P-selectin [29]. 

Normally, three to eight dense granules can be found per platelet. They 

contain ADP, ATP, GTP, serotonin and 60 to 70% of whole platelet calcium [30]. 

Further, platelets contain lysosomes, mitochondria, endoplasmatic reticulum and a 

microtubular system. There may be a link between platelet size and overall platelet 

content. Larger platelets are supposed to contain more granules and hereby become 

more reactive. However, there is no consensus about the relationship between 

platelet size and platelet age, but large platelets are considered to have more 

hemostatic capacity [19, 31, 32]. 

The role of platelets in thrombus formation can be briefly described as a 

sequence of several phases. In the resting phase, platelets have a discoid shape of 2 

to 4 µm in diameter. Platelets then become activated by interaction of their receptors 

with specific ligands. Interaction of GPIb-V-IX with immobilized vWF leads to 

adhesion and shape change of flowing platelets. The occupation of GPIb-V-IX also 

stimulates GPIIb/IIIa to bind fibrinogen. Fibrinogen-bound GPIIb/IIIa facilitates the 

bridging of platelets to form an aggregate and supoorts the stabilization of a clot [33, 

34]. Platelet interaction with collagen via GPVI greatly supports platelet activation in 

the early phase of thrombus formation [34]. Consequence of the signaling pathways 
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induced by GPIb-V-IX and GPVI is secretion of the dense granules and alpha 

granules. The secreted products boost further platelet activation and promote a role 

of platelets in the coagulation system [35]. 
 

Platelet count and MPV measurement 
The literature describes four different principles for platelet counting and MPV 

measurement: manual counting by phase contrast microscopy, impedance counting, 

optical light scatter counting, and immunological flow cytometry techniques. 

 Manual counting by phase-contrast microscopy of platelets was considered the 

gold standard until very recently [36]. Phase-contrast microscopy uses micro-

chambers in which the platelets are counted manually and their size is estimated with 

a reference grid. For a long time, this work-intensive technique did not allow for 

precise measurement of the MPV. 

 Although the implementation of automated counters in the 1970s increased 

precision of measurements, problems remained in differentiating between platelets 

and other small particles, such as fragmented red cells and immune complexes, 

especially in patients with low platelet count. As a result, manual microscopy 

continued to be the international reference method, and manual counting was used 

for calibration of the automated systems. Nevertheless, there are concerns about the 

imprecision of manual counting, with an inter-observer variability of 10 to 25% [37]. 

 In the 1950s, Coulter developed and presented the Coulter principle using 

electronic impedance, which revolutionized the method of platelet counting [38-40]. 

The impedance method is based on the conduction properties of cells. A suspension 

of blood diluted in isotonic saline is passed through a small aperture. A current flows 

through this aperture and as a given cell passes through, the resistance increases. 

The poor conductive property of a cell thus increases the impedance, which is 

measured by an increase in voltage or pulse. In theory, the number of pulses 

corresponds with the number of non-conductive particles that pass through, while the 

amplitude of the pulses corresponds with the volume of the particles. 

 Two problems that occur are the measurement of two simultaneously passing 

particles and the erroneous measurement of (fragmented or small) red blood cells. 

Upon impedance counting, particles ranging from 2 to 20 fL in volume are considered 

to be platelets. This range is applicable in most cases, since there are no more than 

few small red blood cells, giant platelets and cell fragments. From all the platelets 
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that are counted, a platelet size histogram is created and extrapolated to a volume of 

70 fL, after which log-normal curves are used to fit this histogram. The output data 

are calculated from this superimposed curve, in which the MPV corresponds with the 

geometric mean. Fitting of the curves is needed to exclude microcytic red cells, and it 

allows the inclusion of giant platelets. 

 Because of the above-mentioned problems with impedance measurements, 

another automated technique was considered to be superior. Optical cell counting 

was introduced in the 1970s. In this technique, cells are focused in a flow cell and its 

light scatter is measured after illumination with a laser. In order to obtain information 

on count and size of the cells, the light scatter is measured at two angles and 

converted to electrical pulses. Similar to the impedance technology, the number of 

pulses corresponds with the cell count, and the amplitude is proportional to the cell 

volume. A platelet histogram is also produced from these measurements, but no log-

normal curve is generated. The MPV is calculated from the geometrical mode instead 

of the geometrical mean, which means that it is derived from the most frequent 

volume in the distribution curve. Optical fluorescence platelet counting is a variation 

of this method. Here, reticulated cells and platelet membranes are first stained with a 

fluorescent label. The intensity of fluorescence allows platelets, including giant 

platelets, to be selected. As with the impedance measurement, MPV is measured 

from the mode, instead of the calculated mean [41]. The differences between optical 

and impedance measurement techniques may result in different MPV values for the 

same sample. Differences of up to 40% have been reported [42-44]. 

 In 2000, Harrison et al. presented a method for immuno platelet counting. The 

high precision of this method prompted the authors to propose this as new reference 

technique [37]. Briefly, immunological measurement uses monoclonal antibodies 

against platelet surface antigens (mainly anti-CD41 and anti-CD61 mAbs). These are 

covalently labeled with fluorescent probes, such as fluorescein isothiocyanate. The 

antigens are detected from their fluorescence when passing the detection cell of a 

flow cytometer. Platelet counts are determined by adding in addition a fixed number 

of fluorescent-labeled calibration beads, and larger platelets are detected from the 

higher fluorescence. Due to the high costs and the inaccessibility of the flow 

cytometer technique for some laboratories, this method is not to be considered a 

standard or routine assay. Newer fully automated immunological methods have come 

on the market, but their use is not yet widespread. The main advantage of the 
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immuno platelet counting method is high accuracy, especially in samples with low 

platelet counts. However, there are also some concerns. Harrison and colleagues 

mentioned that their method might overestimate values in patients who have high 

levels of anti-platelet antibodies or who are treated with anti-platelet glycoprotein 

agents (e.g. anti-GPIIb/IIIa antibodies) [37]. An underestimation of the actual platelet 

count could be obtained in absence of platelet receptors for the target antigen, for 

example, in Bernard-Soulier syndrome. Sandhaus and colleagues observed a mild 

underestimation of the platelet count due to the presence of large platelets or platelet 

clumps [45]. In spite of this, the method is considered to be highly accurate, 

particularly when patients are thrombocytopenic; making it a possible new gold 

standard and recommending its use for this population [46, 47].  

 Next to the MPV, another parameter – the mean platelet component (MPC) - 

was introduced by Macey et al. as a surrogate parameter for platelet activation [48]. 

This parameter is obtained in automated flow cytometric measurements using the 

ADVIA system. The authors reported an inverse relation between CD62 expression 

as a marker of platelet activation and the MPC. However, in samples with EDTA as 

anticoagulant, the MPC results were not stable. In contrast to MPV, the MPC slightly 

increased during the first hour and then decreased up to 24 hours [49]. In a recent 

article, Cooke and co-workers did not detect a positive correlation between MPC and 

the severity of coronary artery disease [50]. However, Diaz-Ricart reported on 

additives to EDTA to make the results for MPC more stable [49]. In this light, MPC as 

a parameter for platelet activation seems interesting, but currently not 

recommendable as standard parameter. 

 

Factors influencing the value of MPV 
Apart from methodological aspects affecting the results, some pre-analytical 

variables are also important to mention. Notably, the method of venipuncture and the 

degree of accuracy of filling and gently mixing the blood sampling tubes may affect 

platelet activation and result in aggregate formation. The choice of anticoagulant, 

time interval of the measurement and temperature, at which MPV is analyzed, are 

also relevant. In general, for all hematological laboratory tests, and hence for blood 

cell counting, the blood sample needs to be anticoagulated to prevent formation of a 

fibrin clot. Commonly, this is achieved with either EDTA or sodium citrate as standard 

anticoagulants. Both bind Ca2+ ions, thereby preventing coagulation in an irreversible 
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(EDTA) or reversible (sodium citrate) manner. Some other substances are not used 

standardly, such as theophylline or wortmannin (Table 1). Regardless of the 

anticoagulant medium, platelets will swell for some time. The mechanism of swelling 

is not completely known, but it is probably a consequence of chelation of membrane-

bound Ca2+ on platelets [51]. In particular, EDTA causes morphological changes of 

platelets. The canalicular system opens, the platelet volume increases and the 

GPIIb/IIIa molecules dissociate irreversibly [52-54]. 

Unfortunately, the platelet reaction in anticoagulants is not uniform. For 

example, Na-EDTA as an anticoagulant results in less pronounced swelling than K-

EDTA [55]. Between laboratories even the concentration of anticoagulant may vary, 

which for instance results in more distinct swelling in “low concentration” citrate (0.12 

M; ratio blood to citrate 9:1) and almost no swelling in “high concentration” citrate 

(0.12 M, ratio blood to citrate 4:1) [16]. Thompson and Trowbridge were the first, who 

directly compared the effects of different anticoagulants on platelet swelling [42, 55]. 

Both proposed to use standard anticoagulant media and fixed time points after 

sampling for the most reproducible measurement of MPV. Since that time, many 

other authors reported effects with different anticoagulants (Table 1). In 1993, the 

International Council for Standardization in Hematology published a recommendation 

on this. It was proposed to use K-EDTA (1.5-2.2 mg/mL blood) as a reference 

method. However, many other anticoagulant media are still in use in clinical and 

investigational settings [56]. 

Another important issue is the time interval of the measurement. As already 

mentioned, Thompson and Bath reported on platelet swelling [16, 55]. Effects of the 

time interval were negligible at a high concentration Na-citrate (citrate to blood, 1:4), 

whereas in low concentration Na-citrate (citrate to blood, 1:9) and K-EDTA media, 

most stable results were seen after 60 and 90 minutes, respectively. Others 

recommend to measure within 1 hour regardless of the type of anticoagulant [21]. 

Finally, some authors suggest using additives for accurate measurement [49, 57]. 

In a recent study, our group recommended a reference interval for time-adjusted 

MPV measurements for two common standard media, K-EDTA and Na-citrate, using 

the Coulter LH 750. The aim was to obtain a simple standardization of the MPV 

measurement with commonly used anticoagulants [17]. It was concluded that an 

optimal stability of the MPV measurement with K-EDTA medium was reached after 

120 minutes and in Na-citrate medium after 60 minutes. 
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This resulted in a reference range of 7.2–10.8 fL with K-EDTA and 6.1–9.5 fL 

with Na-citrate. Recently, we also determined MPV reference ranges for the Sysmex 

XE-5000 apparatus. In K-EDTA medium after 120 minutes, this reference range was 

different from that with the Coulter LH 750, namely 9.2–12.7 fL (n = 120) 

(unpublished data). This indicates that MPV results are not only dependent on time 

but also on the method and device. 

Another pre-analytical condition, the storage temperature of sample tubes, has 

been the subject of only two publications. Both studies showed that cooling down 

citrate-anticoagulated blood samples from 37 °C to 4 °C increases MPV values by 

18% [58, 59]. Even though this temperature effect is mentioned more frequently, it is 

not common knowledge [8]. In daily practice, MPV measurements are performed at 

room temperature. 

A limitation of this review is that there is not much literature on pre-analytical 

differences in blood-drawing techniques nor on their influence on MPV values. 

Furthermore, in spite of the relevance of the blood sampling method for standard 

laboratory tests, their impact on platelet function analysis was recently reported to be 

minor [60, 61]. There are no reports on the influence of specimen transport on MPV. 

However, such influence likely is minimal, as there is only a small change due to 

pneumatic tube transport on standard blood parameters in the laboratory [62, 63]. 

Finally, the literature search was limited to PubMed and cardiovascular disease in 

association with MPV. Yet, due to the large number of papers found at this restriction, 

the current analysis likely is a good reflection of the overall literature. 

 
Conclusions 
It is difficult to compare MPV results obtained by different measurement methods, 

unless correction coefficients have been determined. Because the use of MPV as a 

diagnostic marker is increasingly popular, it is important that a standard method is 

agreed upon. This is important to be able to compare measurements from different 

studies. A standard method should include definitions of the temperature, the 

(commonly used) anticoagulant, the time delay between blood sampling and 

measurement, and the technique and equipment used. For hospital laboratories, this 

should facilitate the measurement of MPV as a routine parameter. As long as this 

standard method is not operative, each laboratory should determine reference 

values, considering the aforementioned recommendations. 
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Abstract 
Changed mean platelet volume (MPV) has been associated with various diseases. 

Several authors reported dependency of MPV values of anticoagulant type and time-

to-measurement. Therefore, standardized laboratory methods for this blood 

parameter are essential. The aim of this study was to achieve such standardization. 

Blood from 20 healthy volunteers was collected in tubes containing potassium 

ethylenediaminotetra acid (EDTA) or sodium citrate. Platelet count and MPV were 

determined every half hour for 4 hours. The same parameters under optimal 

conditions were obtained with blood from a second group of 100 healthy donors to 

determine a reference range. Citrate-anticoagulated samples gave a significantly 

lower MPV (7.0 ± 0.69 fL, SD) than EDTA-anticoagulated blood (8.0 ± 0.8 fL). The 

MPV value increased during 120 minutes in the presence of EDTA and during 60 

minutes with citrate. Platelet count changed significantly during this time in the 

presence of citrate. In the second group, an inverse correlation between MPV and 

platelet count was not detected. Reference range calculated for EDTA- and citrate-

anticoagulated blood were 7.2-10.8 fL and 6.1-9.5 fL, respectively, thus pointing to 

lower MPV values of platelets in citrate medium. 
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Introduction 
Platelets have key functions in arterial thrombus formation and hemostasis. Platelet 

activity is frequently measured because of the therapeutic impact of blocking this part 

of the hemostatic system. A simple determination of platelet function is also important 

for decision-making in hemorrhagic patients, e.g. with respect to choice of the 

anesthesia procedure. Mean platelet volume (MPV) has been put forward as an 

easily obtainable proxy parameter for platelet activity. Since the introduction of the 

automated measurement of MPV in the early 1980s [1], this parameter now sees a 

revival.  

There are increasing indications that the measured value of the MPV differs 

with the choice of anticoagulant, concentration of anticoagulant, and time to 

measurement. Bath and Thompson have tried to standardize the method by 

determining the optimal medium for this measurement [2, 3]. They used 

ethylenediaminetetra acid (EDTA) and sodium citrate anticoagulants at different 

concentrations. Other authors have published effects caused by different time 

intervals between blood drawing and measurement [4]. Given that the preanalytical 

conditions of the MPV measurement in many papers are not described or even 

recorded, standardization of the measurement of this parameter is highly needed. 

There are a number of indications that the MPV relates to activity of the 

platelets. A large MPV is associated with higher density of granules, higher 

thromboxane A2 production, and increased expression of glycoprotein Ib/V/IX and 

glycoprotein IIb/IIIa [5-7]. In vitro studies revealed higher aggregability of platelets 

with bigger MPV values. This has led to the suggestion that an increased platelet 

volume leads to increased platelet reactivity [8]. In addition, there exists an inverse 

relation between the platelet count and the MPV [2, 3, 9, 10]. Several attempts have 

thus been made to correlate the MPV with the state of different diseases such as 

acute haemorrhage, coronary artery disease, arterial hypertension, pregnancy-

associated diseases, metabolic disorders including diabetes mellitus, and many more 

[11-17]. A regular conclusion was that a large MPV correlates with high platelet 

activity. To substantiate this, it is highly needed to come to a uniform method for 

testing of this blood parameter. 

In the present study we aimed to come to a standardization of the 

measurement of the MPV with regard to commonly used anticoagulants and usual 
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times to measurement. We also made a standard reference range for the MPV 

parameter at appropriate conditions. 

 

Methods 
After given written informed consent, 20 healthy volunteers were included for defining 

the optimal measurement time interval of MPV measurement in blood collected in two 

different anticoagulant media (K-EDTA and Na-citrate). Another 100 volunteers gave 

informed consent for measurement of the MPV under specific conditions, in order to 

obtain a range of reference values for blood collected into K-EDTA and Na-citrate. 

None of the volunteers took any medication within the previous 12 days. Volunteers 

taking nonsteroidal analgesics such as acetylic acid were excluded from the study. 

Collection of blood was done by tourniquet use at standard conditions. The first 5 mL 

of blood were discarded.  

For the first part of the study (20 donors), blood was collected into 2 vacuum 

containers (K-EDTA 7.2 mg/4 mL, and Na-citrate 0.105 M at 1:10 vol.; both BD 

Vacutainer, Plymouth, UK) and gently mixed. Platelet count and MPV were 

measured immediately after drawing, and after time intervals of 0.5 hour up to 4 

hours, using the Coulter LH-750 Hematology Analyzer (Beckman Coulter, Brea, CA, 

USA). This resulted in 9 measurement points (Table 1). The measuring principle for 

MPV of this machine is based on changes in impedance. Cells are counted as 

numbers of pulses, while the cell volume is a function of the strength of those pulses.  

In the second part, we measured MPV in blood from 100 healthy volunteers at 

120 minutes (K-EDTA) and 90 minutes (Na-citrate) after venipuncture to determine 

reference ranges. 

Statistical analyses were performed using SPSS version 17 (SPSS, Chicago, 

IL, USA). We used t-tests for comparing differences between samples, and one-way 

ANOVA with Bonferroni correction for different times.  

 

Results 
In the first part of the study, in blood from 20 healthy subjects, we initially measured a 

MPV of 8.0 ± 0.8 fL (mean ± SD) in K-EDTA anticoagulant, and of 7.0 ± 0.69 fL in 

Na-citrate anticoagulant (P=0.0001). During the period of 240 minutes the MPV  
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Table 1: MPV (fL) and mean platelet count (x 109/L) at indicated times after blood collection into K-

EDTA or Na-citrate. Data are means (SD), n=20. 

 

 EDTA Citrate EDTA Citrate 
Time (min) MPV (fL) MPV (fL) Platelet count Platelet count 
0 8.0 (0.8)  7.0 (0.69) 264 (44.4) 271 (43.7) 
30 8.6 (0.76) 7.7 (0.85) 262 (44.5) 269 (44.6)  
60 8.9 (0.74) 7.9 (0.86) 261 (42.2) 262 (42.6) 
90 9.0 (0.78) 8.0 (0.81) 261 (43.3) 257 (39.9) 
120 9.1 (0.75) 8.1 (0.84) 260 (43.5) 256 (40.9) 
150 9.1 (0.76) 8.0 (0.84) 260 (43.2) 250 (42.7) 
180 9.2 (0.79) 8.0 (0.86) 261 (43.9) 243 (40.8) 
210 9.2 (0.84) 8.0 (0.83) 260 (43.4) 242 (43) 
240 9.3 (0.79) 8.0 (0.78) 261 (44.1) 237 (36.5) 
 

increased to 9.3 ± 0.79 fL (P=0.0001) in EDTA and 8.0 ± 0.78 fL (P=0.0001) in citrate 

anticoagulant (Table 1). 

Platelet swelling in Na-citrate continued up to 60 minutes, and then decreased 

to to about 0.1 fL per hour (Figure 1). On the other hand but it continued for 120 

minutes in K-EDTA anticoagulant and then stopped. Platelet count decreased 

significantly (P=0.0001) in the presence of Na-citrate in the same period (Table 1), 

but not in the presence of EDTA (Figure 2). 

In the second part of the study, we determined MPV and the platelet count at 

90 minutes after blood collection into K-EGTA and after 120 minutes of blood 

collection into Na-citrate for 100 healthy volunteers. Markedly, we did not find a 

correlation between MPV and platelet count for this group of 100 subjects (Figure 3a, 

b). Normal ranges of MPV were 7.2-10.8 fL (95% confidence interval) in the presence 

of EDTA and 6.1-9.5 fL (95% confidence interval) in the presence of citrate (Figure 

4). Again, as expected, MPV was lower with Na-citrate than with K-EDTA 

anticoagulant. 
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Figure 1: MPV measured in blood anticoagulated Figure 2: Platelet count (109/L) in blood in K-

with K-EDTA (circles) or Na-citrate (squares)   EDTA (circles) or Na-citrate (squares) as a 

function of time after blood drawing. Mean   as a function of time after blood drawing. 

(n=20).        Mean (n=20). 

. 

 

 

 
Figure 3a: Correlation of MPV (fL) with platelet count (x109/L) of blood samples collected into Na-

citrate after 90 minutes (n=100, R2=0.28, Pearson correlation –0.53).  
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Figure 3b: Correlation of MPV (fL) with platelet count (x109/L) of blood samples collected into K-EDTA 

after 120 minutes (n=100, R2=0.22, Pearson correlation –0.47).  

 

 

 
Figure 4: Normal ranges of MPV (fL) in blood anticoagulated with K-EDTA (white bars) or Na-citrate 

(grey bars), measured at 120 and 90 minutes after blood drawing, respectively (n=100).  
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Discussion 
In this paper we determined reference values for the MPV using two different 

anticoagulants after standard time intervals of blood drawing using a Coulter LH-750 

Hematology Analyzer. The time points after which maximal values of the MPV were 

reached was reached were after 120 minutes in K-EDTA anticoagulant and after 60 

minutes in Na-citrate anticoagulant. To our knowledge this is a first report on such 

optimation of MPV measuruments. 

Several authors have reported on variation of the MPV measurement with type 

of anticoagulation and time of measurement. Thompson et al. concluded that the 

MPV reaches a stable value after 2 hours of blood taking, independently of the 

anticoagulant, although most consistent results were obtained with acid-citrate-

dextrose or Na-EDTA [3]. In our study, we found a plateau level for the MPV after 

120 minutes in K-EDTA anticoagulant and after 60 minutes in Na-citrate. Bath and 

co-workers used EDTA and two concentrations of Na-citrate (low 9:1 or high 4:1), 

and reported that MPV at high Na-citrate minimally changed until 90 minutes [2]. In 

our study, MPV in Na-citrate samples reached a maximal level after 60 minutes. This 

may be an effect of the different citrate concentration: 3.2% in our case and 3.8% in 

case of Bath and co-workers. Recently, Dasterdi et al. found that the MPV in citrate 

was smaller than in EDTA media, but that these values yet correlated when blood 

samples from different subjects were compared. The authors concluded that both 

methods might be used clinically within 1 hour of blood taking, but did not consider 

time-dependency of the MPV measurement [10]. 

In another study from Macey et al., platelet count did not change significantly 

over time in EDTA anticoagulant [18]. Furthermore, there was no significant 

difference between EDTA, citrate and dipyridamole media, when samples were 

stored for a period of 180 minutes. The latter is in contrast to our results. We found 

that, in citrate, platelet count decreased significantly over a period of 240 minutes. 

Thompson and co-workers describe a stable platelet count over an interval of 8 hours 

for samples stored in EDTA anticoagulant, but they observed a relevant decrease 

from 102.4 to 94.1 x 109/L, when samples were preserved in citrate. The authors 

argue that in citrate anticoagulant the pH may increase in time, which leads to 

platelet stimulation [3]. 

In our study, we measured in EDTA anticoagulant a stable mean count of 264 

x 109/L platelets (± 44.4 SD), while in Na-citrate the mean platelet count decreased 
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significantly from 271 ± 43.7 to 237 ± 36.5 x 109/L platelets. This is in accordance 

with data from Dasterdi and co-workers, who found an about 36% lower platelet 

count in citrate than in EDTA anticoagulant medium [10]. 

In the second part of the study, where data from 100 healthy volunteers were 

analyzed, we did not find a reciprocal relationship between platelet count and MPV. 

This contrasts to the findings of other authors. One reason for this may be that, for 

instance, Bath and co-workers compared platelet count measured in EDTA with MPV 

measured in Na-citrate [2]. These authors have also measured MPV only at a single 

time point. Furthermore, Thompson and co-workers [3] analysed blood samples from 

only 52 volunteers, instead of the 100 samples measured in the present study. Also 

Dasterdi et al. measured samples from only 61 patients, who where referred to the 

hospital for hematologic diagnostics [10]. All these authors concluded that there is an 

inverse relation between MPV and platelet count [2, 3, 10]. In our view, the absence 

of a reciprocal relation between platelet count and their size is because we performed 

the MPV measurement at an optimized time, and unsed a larger population of 

healthy volunteers. The latter might be seen as a disadvantage, because in clinical 

practice we do not take blood samples in healthy subjects.  

We conclude that the choice of anticoagulant (standard K-EDTA or Na-citrate) 

resulted in different MPV values using the Coulter Analyzer. For each anticoagulant 

medium, we recommend to wait until a stable value of MPV due to platelet swelling 

has been reached. This was after 120 minutes in K-EDTA and after 60 minutes in 

Na-citrate anticoagulant. Furthermore, we did not find an inverse relationship 

between MPV and platelet count. For further standardization, it is recommended to 

determine time-dependent reference values. Standardization of the MPV 

measurements will be necessary to elucidate a relation of the MPV and platelet 

activity. 
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Abstract 
Background: Pre-analytical variables of blood samples used for platelet function 

measurements can be influenced by residual coagulation. How these variables affect 

platelet function analysis is not completely known. In this paper, we compared how 

the site of blood collection and the type of blood puncture affect whole-blood platelet 

function, as determined by multiple electrode aggregometry (MEA) and the platelet 

function analyser 100 (PFA-100). In addition, we determined whether contact 

activation of the coagulation system affected the whole-blood measurements. 
Methods: In Part 1, 11 patients scheduled for elective cardiac surgery gave blood 

from three lines (venous, arterial, central venous) and by venipuncture. MEA and 

PFA-100 were performed, blinded for the type of blood sample. In part 2, 20 patients 

gave blood from the arterial line. Samples were collected with a syringe or ditectly 

into vacuum tubes, containing citrate with or without corn trypsin inhibitor. Plasma 

was prepared to measure thrombin generation. 
MEA was measured in response to ADP, arachidonic acid, collagen, ristocetin, or 

thrombin receptor-activating peptide. PFA-100 was used with cartriges containing 

collagen/epinephrine or collagen/ADP. Thrombin generation was assessed in 

platelet-poor plasma with 1 pM tissue factor and 4 µM phospholipids or without 

trigger. Data were analysed using a two-way mixed-effects model for intraclass 

correlations. 

Results: In Part 1, the MEA and PFA-100 tests gave similar results for blood 

samples drawn from each of the four collection sites. In part 2, only the MEA test with 

arachidonic acid revealed significant differences between the two collection methods. 

Anticoagulation with corn trypsin inhibitor inhibited thrombin generation regardless of 

the blood collection method. 
Conclusions: Blood sampling from all lines or venipuncture gave similar results for 

MEA and PFA-100 assays. Contact activation is always detectable, but does not 

appear to influence the outcome of platelet function tests. For platelet function 

analysis, blood can be collected from venous or arterial or by venipuncture. 
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Introduction 

Experimental differences in blood drawing, such as the vessel from which the blood 

sample is taken and the size of the needle used for blood collection, are considered 

to affect plasmatic coagulation. The effects of these pre-analytical variables on 

standard coagulation measurements, such as the activated partial thromboplastin 

time (aPTT) and the prothrombin time (PT) are however negligible or mild [1]. How 

such differences in blood drawing affect platelet function has not been examined. 

Variation here might explain part of the known overall variability in platelet function 

analysis [2]. Currently, some methods are available to study platelet function in whole 

blood, in particular multiple electrode aggregometry (MEA) and the Platelet Function 

Analyzer-100 (PFA-100). These tests have been shown to be useful in the monitoring 

of patient treatment with platelet aggregation inhibitors, e.g. in interventional therapy 

upon coronary artery disease [3, 4]. The same whole-blood platelet function tests can 

help to guide anti-platelet therapy in (surgical) patients, who have a bleeding risk. In 

these settings, they have been introduced in diagnostic algorithms [5-8]. 

In general, blood collection methods are not standardized for platelet function 

analysis. Most medical centres use vacuum systems for blood collection in the 

outpatient clinics, but operating theatres, emergency departments and intensive care 

departments may collect blood primarily from a line with a syringe and then transfer it 

to a vacuum tube. The diameter and the length of the puncture system may lead to 

contact activation of the coagulation system, while the shear stress in the line may 

influence platelet function [9-12]. Moreover, blood samples are often collected from 

various indwelling lines for patient convenience and ease of access [7, 13]. In this 

case, differences in oxygen content between venous and arterial blood samples may 

influence both the coagulation and platelet functions, e.g. due to the higher viscosity 

of oxygenated blood [14, 15]. 

Because of the presumed sensitivity of whole-blood platelet function tests for 

such pre-analytic variables, we hypothesized that the needle bore size, the diameter 

and length of blood line, and the origin of the blood (arterial, venous or central 

venous) influence the test results. The aim of the present study was to compare the 

effects of different blood collection methods from four sampling on sites on two 

whole-blood platelet function tests, MEA and PFA-100. In addition, we aimed to 

determine whether the procedure of blood collection influenced the extent of contact 

activation in the different blood samples. 
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Material and methods 
 

Patients and blood drawing 

The studies were approved by the local medical ethics board. After written informed 

consent, in total 31 patients were included, scheduled for elective cardiac surgery at 

Maastricht University Medical Centre, within a period of one month. Patients were 

included, who required any type of cardiac surgical procedure (CABG, on/off-pump, 

valve operations, and rhythm surgery), and needed vascular access with an arterial 

line, a venous line and a large-bore central venous line. Excluded were patients, who 

were on anticoagulant medication (e.g., LMWH, vitamin K antagonists) and/or platelet 

inhibitors at least 5 days before operation. 

Patients arriving in the operating theater underwent standard monitoring 

procedures, i.e. ECG, plethysmographic oxymetry and non-invasive blood pressure. 

Subsequently, a venous line (Vasofix Safety, 16G, 1.7 × 50 mm, Braun Melsungen, 

Germany) and an arterial line (Radial Artery Catheterization set, 20G, 1.1 × 44.5 mm 

Arrow International, Reading, Pennsylvania, USA) were placed. General anaesthesia 

was induced, following institutional guidelines. After intubation, a large-bore central 

venous line (Arrow-Flex polyurethane sheath 8.5 Fr., 2.97 × 100 mm, Arrow 

International) was placed in the right internal jugular vein. Finally, a venipuncture 

(G18 needle, 1.3×40 mm, Terumo Medical, Europe) was performed without use of a 

tourniquet. 

Blood samples were collected immediately after drawing and before start of 

the operation. All samples were transported to the laboratory by walking. 

Haemoglobin and platelet count were measured to check for abnormal values using 

a Beckman Coulter LH-750 analyser (Beckman Coulter, Woerden, the Netherlands). 

Platelet function was analysed by whole-blood MEA (Multiplate analyser, 

Dynabyte, Munich, Germany) using the following commercially available agonists in 

compliance with the manufacturer’s recommendations: adenosine diphosphate (ADP, 

6.4 µM), arachidonic acid (ASPI, 0.5 mM), collagen (Col, 3.2 µg/mL), ristocetin (Risto, 

0.2 mg/mL), and thrombin receptor-activating peptide (TRAP, 32 µM). The 

procedures have been published elsewhere [16]. In part of the blood samples, 

platelet activity was measured with the PFA-100 (Siemens Medical Solutions 

Europe), using cartridges with collagen/epinephrine and collagen/ADP according to 

the manufacturer’s recommendations. All whole-blood tests were performed at 37 °C 
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by the same technician, within 90 minutes after sampling. The Multiplate analyser 

and PFA-100 device were calibrated according to the manufacturer’s instructions, 

and a daily quality check was done. 

 

Part 1 

In Part 1 of the study, blood was collected from 11 patients in four different ways in 

the following sequence: from the venous line, the arterial line, central venous line, 

and then by venipuncture. All blood samples were collected with a 10 mL syringe, 

after discarding the first 10 mL. Subsequently, three sample tubes with different 

anticoagulants were filled, and the blood from the syringe was gently mixed. The 

following anticoagulant tubes were used: EDTA (K-EDTA, BD Vacutainer, Plymouth, 

UK), citrate (Na-citrate 0.105 M, 3.2%, BD Vacutainer), hirudin (3 mL, 15 µg/mL, 

Dynabyte, Munich, Germany). The sampling tubes were colour-coded in a way that 

the laboratory technician was blinded for the collection site. 

 

Part 2 

In Part 2 of the study, arterial blood was collected from 20 patients via an arterial line 

before the induction of anaesthesia. Investigated was whether contact activation was 

induced by blood collection into vacuum tubes or via a syringe. Platelet function 

again was assessed by MEA and PFA-100, while thrombin generation was measured 

to check for contact activation. 

After discarding the first 10 mL of blood, two sets of blood samples were 

collected: EDTA tubes (K-EDTA, BD Vacutainer), citrate tubes (0.105 M, 3.2%, BD 

Vacutainer), and hirudin tubes (3 mL, 15 µg/mL, hirudin, Dynabyte). In addition, 

vacuum tubes containing corn trypsin inhibitor (CTI, 40 µg/mL, Haematologic 

Technologies, Essex, VT, USA) were used for thrombin generation testing. A first 

four samples were directly collected into vacuum tubes (EDTA, citrate, hirudin, CTI). 

A second set of samples was collected via a 10 mL syringe and then transferred to 

the vacuum tubes. For thrombin generation measurements, relevant blood samples 

were processed to platelet-poor plasma (PPP), and stored at -80 °C until use. 

Thrombin generation was analysed in PPP by means of the calibrated 

automated thrombogram (CAT, Thrombinoscope, Maastricht, the Netherlands) using 

three reagent modes: the first without tissue factor/phospholipids; the second with 
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only 4 µM phospholipid, and the third with 1 pM tissue factor combined with 4 µM 

phospholipids (PPlow reagent, Thrombinoscope, Maastricht, the Netherlands).  

Platelet function analysis was performed by MEA and by using the PFA-100, 

as described for Part 1. Considering that a 25% difference for MEA suggests clinical 

relevance, n=10 was necessary to reach a power of 80% with an alpha error of 0.05. 

 

Statistics 

Platelet function tests were compared using the intraclass correlation coefficient 

(ICC). A two-way mixed effects model was used, in which ICC values >0.5 define a 

good agreement, and >0.7 define a strong correlation. The results of Part 2 of the 

study were analysed using the Mann-Whitney U test. P values <0.05 were 

considered statistically significant. For statistical analyses, we used the program 

SPSS 15 for Windows (SPSS, Chicago, IL, USA). 

 
Results 
In Part 1 of the study, 11 patients were included, resulting in 44 blood samples. 

Demographic data of the patients are shown in Table 1. One sample originating from  

 

 
Table 1: Demographic data of patients participating in the studies part 1 (n = 11) and part 2 (n = 20). 

 Part 1 (n = 11) Part 2 (n = 20) 

Age (years) 70.1  (8.37) 64.3 (11.82) 

Female (n) 4  (36%) 9  (45%) 

Weight (kg) 80.5  (16.43) 79.7  (18.56) 

Body mass index (kg/m2) 27.2  (5.99) 26.5  (6.01) 

Arterial hypertension (n) 6 (54.6%) 14 (70%) 

Diabetes mellitus (n) 2 (18.2%) 7 (35%) 

Peripheral arterial disease (n) 4 (36.4%) 5 (20%) 

COPD (n) 3 (27.3%) 4 (20%) 

Hypercholesterolemia (n) 3 (27.3%) 6 (30%) 

Hb (mM) 7.73  (0.94) 7.94  (1.41) 

Hct (%) 0.37  (0.04) 0.38  (0.06) 

Platelets (109/L) 230  (36.63) 209.9  (34.90) 

MPV (fL) 9.11  (1.2) ND ND 

 

Data are mean (SD, absolute or as percentage), COPD= chronic obstructive pulmonary disease, ND = 

not determined. 
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Figure 1: Part 1 of the study. Whole-blood platelet function tests were performed using blood  
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samples from 10 patients, that were collected from four different sites: venous line ( ), arterial line 

(u), central venous line (�), or by venipuncture (n). (A-D) Results for MEA are given as area-under 

the curve (AUC, relative values). (E-F) Results for PFA-100 are given as closure time (seconds). 

Separately established reference ranges for the different tests are for MEA (AUC): ASPI test 51-119 

(Panel A), ADP test 33-108 (Panel B), TRAP test 70-130 (Panel C), Col test 45-125 (Panel D), RISTO 

test 90-201 (Panel E). Reference ranges for PFA-100 are: Col/EPI cartridge 67-171 seconds (Panel 

F), Col/ADP cartridge 55-119 seconds (Panel G). Intraclass correlation coefficients (ICC) were: ASPI 

test 0.95 (Panel A), ADP test 0.90 (Panel B), TRAP test 0.73 (Panel C), 0.91 Col (Panel D), 0.51 

RISTO (Panel E). For the PFA-100 tests, ICC values were 0.81 Col/EPI (Panel F), and 0.46 PFA-

Col/ADP (Panel G). (n = 10, exclusion of one patient) 

 

a venipuncture was coagulated before analysis, making it ineligible for processing. 

Analysis was hence done on the remaining 43 blood samples. 

The ICC for interchangeability of the type of blood sample pointed to strong 

correlations for various platelet function tests (Figure 1). Regarding MEA, ICC values 

were 0.95 for the ASPI test, 0.90 for the ADP test, 0.91 for the Col test, and 0.73 for 

the TRAP test. Regarding PFA-100, the ICC value was 0.81 for Col/EPI cartridges. A 

good correlation was found for MEA using the RISTO test (ICC = 0.51), and a 

moderate correlation for PFA-100 with Col/ADP cartridges (ICC = 0.46). 

In Part 2 of the study, 40 sets of 2 blood samples from 20 patients were 

collected by two collection methods, each using two sample tubes (citrate and citrate 

combined with CTI). Demographic details of these 20 patients are presented in Table 

1. The results from one sample had to be excluded due to clotting in the tube. Mean 

platelet count did not differ between the two collection methods (Table 2).  

 
Table 2: Part 2 of the study. Comparison of blood collection with a syringe versus a vacuum system. 

  MEA (AUC) PFA-100 (s) 
 Plt count ASPI ADP Coll TRAP Coll/Epi Coll/ADP 
Syringe 

xx 
209.9 
(34.90) 

26.21 
(22.53) 

53.21 
(19.23) 

54.37 
(20.40) 

86.00 
(26.92) 

163.6 
(60.45) 

106.0 
(49.74) 

Vacutain
er 

208.4 
(45.79) 

31.58 
(25.14) 

57.11 
(21.71) 

56.74 
(21.01) 

88.42 
(17.47) 

160.5 
(69.51) 

93.21 
(38.57) 

        
P-value 0.94 0.03* 0.87 0.70 0.86 0.82 0.46 
 

Platelet count is in 109 platelets/L. MEA results with various agonists are presented as area under the 

curve (AUC). PFA-100 results are presented in seconds. Blood was collected in to citrate. Reference 

range for the various tests are, as described for Figure 1. Only the ASPI assay was different between 

the two ways of blood drawing (*P = 0.03). Data presented as means ± SD (n = 20). 
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In PPP preparations derived from these blood samples collected in the 

prsence of CTI, thrombin was measured in order to determine the extent of contact 

activation. In Figure 2, it is shown that blood collection in citrate/CTI inhibited 

thrombin generation significantly more effectively than in citrate alone. This was 

apparent from a prolonged lag-time to thrombin generation and a lower thrombin 

peak height. In the absence of tissue factor, the lag time is highly prolonged and no 

peak develops in the citrate/CTI samples (FIgure 2A-D). With tissue factor present, 

citrate/CTI samples did develop a thrombin peak, but this was still significantly lower 

than in the citrate samples (Figure 2E-F). This figure furthermore shows that 

essentially the same thrombin generation results were obtained, when blood was 

drawn via the two collection methods (syringe versus vacuum blood collection). This 

suggests that the amount of contact activation (i.e. the CTI-inhibitable part of the 

thrombin generation) was independent of the method of blood collection.  

In MEA, there was little difference in platelet aggregation between the two 

types of blood collection (Table 2). Only in the ASPI test, platelet aggregation was 

lower in syringe blood samples than in blood samples directly collected in vacuum 

tubes (syringe 26.2 vs. vacuum 31.6 AUC, P = 0.03). However, the ASPI test gave 

significantly lower values than the manufacturer’s reference ranges. Other values 

were not different with respect to the blood collection method. In the PFA-100 test, 

clotting time with either Col/ADP or Col/EPI cartridges did not reveal significantly 

different values between the two blood collection techniques (Table 2). 

 

Discussion 
In Part 1, we used the Multiplate analyser, an automated impedance aggregometer, 

and the PFA-100 analyser to determine platelet function in whole blood. No relevant 

differences were found in platelet reactivity between blood samples, drawn from four 

different puncture sites. Also the PFA-100 analyser did not reveal differences 

between the four sites of blood sampling, when using the Col/EPI cartridge. However, 

the PFA-100 device with Col/ADP cartridges showed only a moderate intraclass 

correlation. These results are in line with those from Mani and colleagues, who 

compared two different blood collection methods. The authors report similar PFA-100 

measurements for blood samples drawn by venipuncture with a 21G needle and 

venipuncture with a 21G winged collecting system (also known as butterfly system). 

Moreover, they show that the type of blood collection also does not influence platelet 
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Figure 2: Part 2 of the study. Results of thrombin generation measurement of PPP from blood 

samples collected with a syringe or directly into a vacutainer. Blood samples were anticoagulated with 

citrate alone (open symbols) or with citrate/CTI (closed symbols). The PPP was activated with CaCl2 in 

the presence of different triggers, as indicated. (A, B) Lag-time to thrombin generation and thrombin 

peak height in the absence of tissue factor or phospholipids (PL). (C, D) Lag-time to thrombin 

generation and thrombin peak height with 4 µM PL. (E, F) Lag-time to thrombin generation and 

thrombin peak height with1 pM tissue factor and 4 µM PL. N=20, *P<0.05. 
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function as assessed by light transmission aggregometry [17]. 

In a study with eight elective cardiac surgical patients, Rubens et al. 

investigated blood samples collected from an arterial line, a central venous line and a 

single venipuncture by flow cytometry. The authors reported different degrees of 

platelet activation markers (factor XIIIa, thrombospondin, activated glycoprotein 

IIb/IIIa and P-selectin) dependent on the collection site. The arterial samples showed 

more signs of activation. They attribute their findings to different shear rates in the 

lines and to more contact activation due to length of the catheters. The authors 

recommended to take venous blood for platelet function analysis, regardless of 

whether it is from a central venous line or from venipuncture [18]. The present 

results, using whole-blood platelet function tests, are not in line with this. A possible 

explanation is that the whole-blood platelet function tests, which we applied, are less 

sensitive to pre-analytical variation than the flow cytometry method. 

Another reason for the different results between arterial and venous samples 

might be shear stress and oxygen content of the samples. Unfortunately, there are 

no investigations on this topic with regard to platelet function tests. In a study by 

Frumento et al, this item seemed to be relevant for fibrin formation [19]. The authors 

examined blood samples from an arterial line, a central venous line and a pulmonary 

artery catheter using thromboelastography, but did not focus on platelet function 

tests. They demonstrated significant differences in nearly all thromboelastography 

parameters with respect to the site of blood collection. Differences were smaller 

between samples from the arterial and central venous lines that between samples 

from the central venous and pulmonary arterial lines. The main conclusion was that 

the oxygen content does not play a role, but that shear stress may be a more crucial 

factor [19]. This is in not in agreement with the conclusions of Manspeizer and 

colleagues, who proposed that the difference in oxygen content explained their 

differences in thromboelastography, when comparing arterial with central venous 

blood samples. 

In Part 2, the inhibitory effect of blood collection into CTI media regarding 

thrombin generation pointed to the presence of contact activation in the various blood 

samples, which might contribute to platelet activation. We hence conclude that the 

choice whether to use a direct blood collection technique (vacuum system) or an 

indirect technique (syringe) does not influence the residual coagulation in the blood 

samples. Concerning the performed whole-blood platelet function tests (MEA and 
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PFA-100), there was only a difference when arachidonic acid was used as activator. 

Because the values with both blood collection methods were below the reference 

range, we tend to conclude that blood from some of the patients had residual effects 

of acetylsalicylic acid, in spite of the fact that the drug was stopped three days before 

the intervention. The cessation period likely was too short to restore platelet function 

completely [22]. In a recent investigation of Dyszkiewicz-Korpanty, the authors 

showed a difference in light transmission aggregation when patients were on 

acetylsalicylic acid treatment and samples were agitated by pneumatic tube transport 

[23]. The relevance of this result is not clear, because both of our results are below 

the normal range. 

Our study has clearly limitations. The sample size was calculated by power 

analysis, but may have been too small for strong conclusions. Not included were 

patients who suffer from coronary artery disease and therefore need treatment with 

platelet inhibitors. However, we did include cardiovascular patients, who received the 

same type of blood lines standardly. The time frame of the measurements may not 

have been optmal, i.e. analysing the blood samples within 90 minutes, as this was 

recommended by the manufacturer. 

Taken together, our results justify that blood can be collected from each of the 

venous or arterial lines for reliable analysis of whole-blood platelet function using 

MEA and PFA-100 assays. Contact activation is always present in these blood 

samples, but apparently this does not influence platelet function test outcomes. Even 

though the way of blood collection does not seem to be relevant, it is still 

recommended to perform this in a standardized way. 
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Abstract 
Background: Rotational thromboelastometry (ROTEM) is a popular point-of-care 

test for measuring normal or impaired coagulation and fibrin clot formation. It 

generates results quickly and may benefit individualised guided haemostatic therapy. 

However, processing of blood specimens by non-technicians might decrease the 

quality and reproducibility of ROTEM results. Centralised laboratory equipment 

receiving specimens through a pneumatic tube system (PTS) could avoid non-expert 

handling. This study aimed to evaluate the influence of PTS transport of blood 

samples on fibrin clot formation and thrombin generation triggered by tissue factor or 

contact activation. 

Methods: Blood specimens from 44 patients were drawn immediately after arterial 

puncture. Samples were collected into citrate anticoagulant or into citrate/corn trypsin 

inhibitor (CTI), a factor XIIa pathway inhibitor. Both types of samples were 

transported by either walking or PTS. Analysis of the recalcified citrated blood was 

performed with four different ROTEM tests. Plasmas from citrate and citrate/CTI 

blood were evaluated on thrombin generation with(out) tissue factor.  

Results: Clot formation measurement using the different ROTEM tests revealed no 

more than minute differences between the way of transporting blood samples. Clot 

formation times were significantly shortened in samples sent by PTS for the EXTEM 

and NATEM tests of ROTEM, but the differences were negligible. Measurement of 

thrombin generation with or without tissue factor did not reveal any effect of tube 

transport via walking or PTS, neither in citrate nor in citrate/CTI plasma samples. 

Addition of CTI to the anticoagulant had a similar effect on thrombin generation in 

plasmas from blood transported via walking or PTS. 

Conclusions: Whole-blood samples can be sent by PTS for ROTEM analysis. 

Transport via PTS does not result in a measurable increase in contact activation. 

Given that most hospitals have a different PTS, the present findings may not be valid 

for all hospitals. 
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Introduction 
Point-of-care laboratory monitoring is increasingly used in modern anaesthesiology. 

The main advantage of this monitoring is a rapid data acquisition, which enables to 

treat patients fast in a more individualised way. Because anaesthesia teams that are 

tending to bleeding patients are occupied with stabilising vital functions, the 

performing of additional laboratory tests might interfere with their regular workflow. 

There is also concern about the quality and reproducibility of laboratory tests done by 

non-technicians, especially when the results are critically important in decision-

making [1]. An alternative to point-of-care monitoring in the operating theatre is to 

send blood specimens to the hospital laboratory with minimal time delay. Pneumatic 

tube systems (PTS) can reduce the clinical workload and shorten the turnaround time 

of hospital laboratories by quickly transporting blood samples. While most 

haematological indices and standard coagulation indices are not influenced by 

transport via PTS [2-4], there have been reports of haemolysis in serum samples and 

red blood cell concentrates due to the acceleration and deceleration of transport via 

PTS [5-7]. Haemolysis of red blood cells leads to the generation of microparticles, 

which have been shown to trigger thrombin generation in a factor XII-dependent 

manner [8]. Some authors interpret these changes as minor and without clinical 

consequences. However, there are good indications that the transport of specific 

specimens by PTS influences the measurement outcome, such as cerebral spinal 

fluid or blood samples to measure gases and platelet activation, using the PFA-100 

system [9-13]. On the other hand, it was shown that PTS transport of citrated blood 

samples does not influcence platelet function, as assessed with multiple electrode 

aggregrometry [14]. 

The influence of blood transport via PTS on fibrin clot formation by rotational 

thromboelastometry has not been investigated. One of the drawbacks of PTS 

transport might be contact activation of blood samples in the test tubes [15]. Contact 

activation (via factor XIIa) can be investigated by comparing thrombin generation in 

blood (plasma) samples collected into either citrate or citrate plus factor XIIa pathway 

inhibitor, corn trypsin inhibitor (CTI). The aim of this study was to evaluate the 

influence of whole-blood transport via PTS on fibrin clot formation as assessed by 

ROTEM, and to determine if this transport leads to increased contact activation. 

 

 



	   68 

Methods 
After approval by the local ethics board, 44 patients scheduled for elective 

cardiothoracic surgery at the Maastricht University Medical Centre gave written 

informed consent and were included in the study. Exclusion criteria were use of 

anticoagulants other than acetylsalicylic acid, and age younger than 18 years. Upon 

arrival in the operating theatre, patients received standard monitoring for cardiac 

anaesthesia, including five lead electrocardiography, noninvasive blood pressure 

measurement and pulse oxymetry. Subsequently, a venous line (Vasofix Safety, 16G 

or 14G, Braun Melsungen, Germany) was inserted in the forearm, and an arterial line 

(Radial Artery Catheterization set, 20G, Arrow International, Reading, PA, USA) was 

positioned in the radial artery under subcutaneous local anaesthesia, using 1 mL of 

1% lidocaine solution. Blood was drawn from the arterial line immediately after 

insertion. The first 10 mL were discarded before filling one tube, containing 

ethylenediamine tetraacetic acid anticoagulant (K-EDTA, BD Vacutainer Tubes, 

Plymouth, UK), two tubes containing citrate anticoagulant (Na-citrate 1.005 M, BD 

Vacutainer Tubes) and two tubes containing both Na-citrate and CTI (40 µg/mL, 

Haematologic Technologies, VE, USA). Two sets of labeled tubes, one citrate and 

one CTI tube, were taken to the central laboratory. One set was sent by PTS and the 

other set was transported by walking. 

Platelet-poor plasma (PPP) was prepared by centrifugation of the blood at 

2,000 x g for 5 minutes, followed by a second centrifugation step at 10,000 x g for 10 

minutes. Plasma aliquots were snapfrozen into liquid nitrogen, and stored at -80 ˚C 

until analysis. 

The PTS installed in the hospital (Swisslog-ErgoTrans, Apeldoorn, the 

Netherlands) connects the central surgical complex on the third floor to the 

haematological laboratory at the fifth floor. The circuit includes two switching stations 

for change of direction, and does not contain heat or cold sources. The system 

generates a maximum speed of 8 m/s. Transport time from the operating theatre to 

the laboratory is between 83 and 110 seconds. 

Analysis of whole-blood samples for haematological parameters, i.e. 

haemoglobin, haematocrit and platelet count, was performed with a Coulter LH-750 

analyser (Beckman Coulter, Woerden, the Netherlands). ROTEM analysis was 

performed using citrated blood samples by the following standard assays according 

to the manufacturer’s recommendations at 37 ºC: NATEM (recalcification, no trigger), 



	   69 

INTEM (recalcification with ellagic acid stimulation), EXTEM (recalcification and 

tissue factor stimulation) and FIBTEM (platelet distortion with cytochalasin D, 

recalcification and stimulation with tissue factor) [16]. 

To investigate whether transport via PTS causes contact activation via the 

factor XIIa pathway, stored plasma samples were analyzed for thrombin generation. 

This was assessed using the calibrated automated thrombogram method (CAT, 

Thrombinoscope, Maastricht, the Netherlands) with as triggers CaCl2 and 

phospholipids (4 µM) in the presence or absence of 1 pM tissue factor. In all runs, 

normal pooled plasma was used as a reference, in order to reduce inter-assay 

variations of the time-independent curve parameters, i.e. endogenous thrombin 

potential (ETP) and peak height [17]. Considering a different of 20% in ROTEM 

analysis as clinically relevant, 44 samples were necessary to reach a statistical 

power of 90% with an α-error of 0.05. 

Statistical analyses were performed using GraphPad Prism software (San 

Diego, CA, USA). After testing for normal distribution, a paired Student’s t-test 

analysis was used for normally distributed variables, and the Wilcoxon signed-rank 

test was used for nonparametric variables were used to determine statistical 

significance. A p value <0.05 was considered to be significant. 

 
Results 
A total of 44 patients were included in this study. Thirty patients (68.2%) were male 

and 14 (31.8%) were female. Patient age was 69.7 ± 11.5 years (mean ± SD). 

Haematological parameters revealed a haemoglobin level of 7.7 ± 0.8 mM, a 

haematocrit of 0.38 ± 0.04%, and a platelet count of 210 ± 60.1× 109/L. 

All 44 pairs of citrated blood samples, after transport by PTS or walking, were 

analyzed on fibrin clot formation using four different ROTEM assays, INTEM, 

EXTEM, FIBTEM and NATEM. In the majority of thromboelastograph paraments no 

significant difference was detected between the blood samples carried by PTS or 

walking (Table 1). In some cases, though, there were minute differences that reached 

statistical significance. In the EXTEM assay with samples transported by PTS or 

walking, the clot formation time was 65 ± 20 seconds or 67 ± 17 seconds, and the 

alpha angle was 79 ± 3º or 77 ± 3º, respectively. Similarly, in the NATEM assay, 

curves were slightly shortened in the samples sent by PTS.  
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Table 1: Thromboelastography analysis of citrated whole blood samples from 44 patients, transported 

by either PTS or walking, using different ROTEM assays (INTEM, EXTEM, FIBTEM and NATEM). 

 

 
 
INTEM EXTEM 

 
PTS 
 

Walking 
 

P-
value 

PTS 
 

Walking 
 

P-
value 

CT (s) 135 (97-172) 137 (83-189) 0.47 35 (24-49) 35 (18-57) 0.93 
CFT(s) 64 (36-103) 63 (40-99) 0.54 65 (36-119) 67 (33-107) 0.02 
Alpha angle (º) 78 (73-83) 78 (71-82) 0.17 79 (68-84) 77 (68-84) 0.01 
MCF (mm) 62 (51-76) 62 (52-75) 0.56 63 (51-77) 62 (53-77) 0.08 
LI60 (%) 91 (86-97) 91 (86-97) 0.50 90 (79-98) 91 (84-97) 0.16 

 
 
FIBTEM NATEM 

 
PTS 
 

Walking 
 

P-
value 

PTS 
 

Walking 
 

P-
value 

CT (s) 33 (10-53) 33 (22-57) 0.73 508 (213-846) 571 (187-990) 0.01 
CFT(s) n/a n/a n/a 127 (46-263) 136 (54-305) 0.03 
Alpha angle (º) n/a n/a n/a 67 (47-80) 65 (44-79) 0.04 
MCF (mm) 18 (10-25) 18 (9-26) 0.57 61 (51-72) 60 (46-79) 0.01 
LI60 (%) n/a n/a n/a 93 (85-98) 92 (86-97) 0.82 

 

Abbreviations of curve parameters: CT, clotting time; CFT, clot formation time, MCF, maximum clot 

firmness, LI60, lysis index at 60 minutes. N/a, not applicable. Data are presented as means 

(interquartile ranges).  

 

Thrombin generation analysis was performed on plasmas derived from blood 

samples of 31 of the 44 patients, collected into citrate or into citrate/CTI. Again, the 

effect of blood transport by walking or PTS was studied. Blood from 13 patients was 

not used, because citrate/CTI tubes were not available. Regardless of the transport 

method, there was a similar inhibition of thrombin generation curves in all samples 

drawn into citrate/CTI, when compared to citrate tubes (Table 2). This difference was 

more pronounced, when thrombin generation was triggered with CaCl2 in the 

absence of tissue factor. Notably, in this case, blood collection into citrate/CTI 

completely abolished the thrombin generation, thus pointing to appreciable contact 

activation in the blood samples collected in citrate alone. Also upon triggering with 

CaCl2 and 1 pM tissue factor, thrombin generation was still suppressed in the 

samples derived from CTI tubes, independently of the method of blood transport. 

Again the citrate tubes showed similar signs of contact activation in both groups 

(transport by walking or PTS). 
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Table 2: Calibrated automated thrombogram (CAT) analysis of plasmas from blood samples drawn 

into citrate of citrate/CTI and transported to the laboratory by PTS of walking. 

 

 Citrate - TF  Citrate/CTI -  TF 
 PTS Walking  PTS Walking 
Lag time (min) 12 (10-15) 13 (10-17)  99 (38-99) 62 (28-99) 
Peak height 
(nM) 292 (179-331) 296 (218-333)  1 (0-1) 1 (0-1) 
ETP (nM.min) 1278 (791-1450) 1287 (957-1386)  0 (0-0) 0 (0-0) 
VI (nM/min) 137 (78-172) 144 (91-167)  0 (0-0) 0(0-0) 

 
 

Citrate + TF  Citrate/CTI + TF 
 PTS Walking  PTS Walking 
Lag time (min) 3 (3-4) 3 (3-4)  4 (4-5) 4 (4-5) 
Peak height (% of 
normal) 183 (116-206) 183 (134-208)  74 (53-103) 74 (55-111) 
ETP (% of normal) 120 (89-134) 118 (95-134)  82 (72-101) 84 (74-101) 
VI (nM/min) 86 (60-120) 88 (56-121)  21 (14-34) 20 (14-36) 

 

Platelet-poor plasma derived whole blood collected in citrate or citrate/CTI was triggered with CaCl2 in 

the presence or absence of tissue factor (TF, 1 pM). Where indicated, thrombin generation parameters 

are expressed as percentage values compared to normal pooled plasma. Data are presented as 

median values (interquartile ranges), n=31. ETP, endogenous thrombin potential (area-under-the-

curve), VI = velocity index (tangent between end lag time and peak height) , Wilcoxon signed-rank 

tests did not show significant differences beween the two groups. 

 
Discussion 
The present study demonstrates that PTS transport of platelet concentrates does not 

inflict clinically relevant consequences on ROTEM analysis results. Even though the 

collection of blood samples in citrate leads to a measurable degree of contact 

activation, as measured by comparison with citrate/CTI samples in the CAT assay, 

this did not appear to be increased by PTS transport, as compared to walking 

transport to the laboratory. Management of acute haemorrhage demands swift 

reaction and clinical decision-making, and assaying of whole-blood clot formation by 

ROTEM analysis has been shown to successfully assist in this. Several authors 

recommend transfusing haemorrhagic patients as quickly as possible, even without 

knowledge of haemostatic properties, in order to prevent haemodilution and 

aggravation of bleeding [18]. Others state that ROTEM analysis provides important 

information on the coagulant state in acute bleeding patients [19-21]. It is hence 

debated whether to perform ROTEM analysis directly at the bedside (i.e. the 

operating theatre or emergency department) or more distantly in the central hospital 
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laboratory. The main argument supporting bedside testing is fast availability of results 

for tailored haemotherapy. However, concerns arise on the quality of such point-of-

care results, and some authors recommend performing laboratory analysis by trained 

technicians in the hospitals central laboratory [22-25]. 

The main argument against ROTEM assaying in a central laboratory is the 

time needed to transport blood samples. Transport via PTS is quicker, and reduces 

this time. However, transport in pneumatic systems may lead to platelet activation 

and contact activation [6, 9, 13]. For this reason, PTS transport has not been 

recommended for several point of care tests [11, 13]. Wallin and colleagues describe 

significant shortening of clot formation using the thromboelastograph (TEG), when 

they compared PTS with walking transport [26]. Unfortunately, the authors do not 

describe how coagulation was triggered in the assay. This finding is reflected by a 

minor shortening of clot forming time in the present EXTEM and NATEM tests after 

transport via PTS. Another recent study revealed no significant differences in 

ROTEM analysis, when PTS transport was performed [24]. However, it should be 

noted that marked differences exist between the PTS used in different hospitals, in 

terms of switching points, speed and acceleration/ deceleration. Another possible 

reason for the minute differences between PTS and walking transport might be 

activation of platelets. However, platelet activity is poorly reflected in ROTEM 

analysis [27].  

The thrombin generation assay can detect small changes in the capacity of the 

coagulation system [28, 29]. This assay was used to investigate the possibility of 

contact activation induced by PTS. Addition of CTI, a specific factor XIIa inhibitor, to 

citrate tubes during blood drawing eliminates contact activation. However, no clear 

influence of transport via PTS could be detected. 

An acutely bleeding patient requires intense manpower support on the scene, 

limiting the time available to perform point-of-care tests by team members 

themselves. In addition, working under pressure might affect the laboratory results 

[30], and generate variability in the test outcome [25, 31]. Kitchen et al. demonstrated 

a variability in ROTEM results between 7 and 84% in point-of-care settings in various 

hospitals [25]. Because of these reasons, it is preferable to maintain carrying out 

whole-blood tests like ROTEM in the hospital laboratory. In conclusion, our study 

demonstrated that analysis of blood samples via ROTEM is hardly influenced by 

transport via PTS. In addition, PTS transport did not result in notable contact 
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activation via the factor XIIa pathway. However, as the PTS can markedly differ 

between hospitals, the present findings may not be applicable to all hospitals. 
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Abstract: The use of pneumatic tube systems (PTS) for transport of blood samples 

in hospitals is generally accepted and reduces both workload and turnaround time of 

test results. PTS can also be used for the transport of blood products for transfusion 

purposes. How transport via PTS affects platelet concentrates is not known. In this 

paper, platelet functionality was investigated after single and multiple transports via 

PTS of platelet concentrates (non-radiated or irradiated), in comparison to storage of 

the concentrates. Before and after transport, platelet count, pH, optical aggregation 

(LTA), impedance aggregation (MEA), P-selectin (CD-62P), and microparticles were 

measured. It was found that platelet metabolic markers changed as a result of 

sample storage but not by using PTS. Platelet function markers were not different in 

concentrates sent by PTS with the exception of the thrombin receptor-activating 

peptide (TRAP)-induced platelet aggregation measured by LTA or MEA after multiple 

PTS transport. This work shows that single PTS transport of PC concentrates from 

the laboratory to the operation theatre is possible without detectable loss in platelet 

function. 
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Introduction 
Pneumatic tube systems (PTS) reduce the workload and turnaround time of clinical 

laboratories by speeding up the transport of blood samples and making it less 

dependent on manpower. While most haematology and coagulation parameters are 

not known to be influenced by transport via PTS [1-3], there are reports of 

haemolysis in red blood cell concentrates, due to the acceleration and deceleration of 

transport by PTS and due to vibration of the samples [4-6]. Most authors interpret 

these changes as being minor and without clinical effect. Yet, the transport by PTS of 

specimens for blood gas analysis, cerebral spinal fluid analysis, or platelet function 

analysis by PFA-100 is not recommended, because results might be unreliable [7-

11]. All transfusion products, and especially platelet concentrates, should be of the 

highest quality possible, because recipients often have a tendency to bleed, which 

conveys a high morbidity and mortality [12]. While the quality of platelet concentrates 

(PCs) is affected by storage and irradiation [13-16], it is not known whether it is 

affected by transport via PTS. To date, such transport has not been recommended 

because of an expected risk of platelet activation and a diminished functionality of the 

PCs after transfusion. The aim of this study was to evaluate the effects of PTS 

transport on the in vitro platelet function in PCs (irradiated and non-irradiated) and 

compare these effects to storage influences (maximum of 7 days). 

 
Materials and methods 
 

Study design 

After approval of the local ethics committee (Maastricht University Medical Centre+, 

Maastricht, the Netherlands) two prospective single centre studies were performed. 

In PCs prepared for transfusion the in vitro platelet function was investigated. 

In study 1 the effect of PTS and storage was investigated on day 2 and 7 after 

platelet collection, 12 PCs were transported via the PTS. Six out of 12 PCs were 

irradiated (Gammacell 2000-Canberra Eurisys, 25Gy) prior to transport and six were 

not treated (Figure 1). 

In study 2 the effect of multiple transports was investigated. For this purpose, 

another two non-irradiated PCs were each divided equally into four samples (A, B, C, 

D), and sent through the PTS several times on different days in order to investigate 
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the influence of transport frequency. Unit A was never sent and served as control. 

Unit B was sent once on day 2, unit C was sent once on days 2, 3, 6 and 7, and unit 

D was sent three times on days 2, 3, 6 and 7 (Figure 1). Samples were taken from 

each unit after transport. All activities were performed in accordance with institutional 

guidelines.  

 

Platelet concentrates 

The local blood bank (Sanquin Blood Services the Netherlands) provided 14 fresh 

(age: maximal 24 hours after donation) PCs. Each PC consisted of randomly pooled 

platelet buffy coats in plasma (200–400 mL volume, 250–350 × 109 platelet/L, < 1 

×106 leucocytes per unit) derived from five healthy volunteers by the buffy coat 

method and processed according to the guidelines of our blood bank and European 

recommendations. For study 1, 12 original PCs were used. For study 2, at the start 

of the experiment, two non-irradiated PCs were carefully resuspended and divided at 

equal volumes into four smaller sample bags (pediatric platelet storage bags) and 

closed under sterile conditions. The concentrates did not pass the maximal storage 

life of PCs in Europe of 7 days. During the experiments, all PCs were agitated gently 

and continuously in a single layer, temperature controlled automatic platelet agitator 

at 22°C [17]. 

 

Pneumatic Tube Transport system 

The PTS used (Swisslog-ErgoTrans, Apeldoorn, the Netherlands) connects the 

laboratory on the fifth floor with the central surgical complex on the third floor and is 

kept at room temperature. The PTS consists of two switching stations for change of 

direction. The system generates a maximum speed of 8 m/s. Transport time from the 

laboratory to the operating theatres is between 83 and 110 seconds. At arrival, the 

transport box falls about 40–50 cm into a cushioned catch tray. 
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Figure 1: Scheme of dividing and sending of the platelet concentrates (PC) in study 1 and study 2. 

 

Sample analysis  
For both studies samples were taken from each bag before and after transport, using 

standard citrated vacuum tubes (sodium citrate 1.005 M, Vacutainer, Plymouth, UK). 

In these samples, platelet count and mean platelet volume (MPV) were measured 

using a Beckman Coulter (LH-750, Beckman Coulter, Woerden, the Netherlands). 

Glucose and lactate concentrations and pH were measured with a Chiron rapid lab 

850 blood gas analyser (Siemens Healthcare Diagnostics, Breda, the Netherlands). 

Platelet function was measured by using two aggregation methods: light transmission 

aggregation (LTA) using an aggregometer and agonists from Kordia Life Science 

(Leiden, The Netherlands) and by multiple electrode aggregometry (MEA) using the 

Dynabyte Multiplate (Munich, Germany) and different agonists: collagen [4 µg/mL 

(LTA) and 3.2 (MEA) µg/mL], thrombin receptor activating peptide [TRAP, 30 µM 

(LTA) and 32 µM (MEA)], adenosine diphosphate [ADP, 10 µM (LTA) and 6.5 µM 

(MEA)], and arachidonic acid [1 mM sodium arachidonic acid, NAA (LTA) and 

arachidonic acid-ASPI (MEA].  

 P-selectin (CD62) was measured with a flow cytometer (Coulter Epics XL, 

Beckman Coulter). The proportion of platelets positive for P-selectin was determined 
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and compared with that of a control sample from healthy donors. Microparticles (MP) 

were measured by ELISA (ZYMUPHEN, MP-activity kit, Aniara, Mason, OH, USA) 

according to the manufacturer’s instructions.  

 

Statistical analysis 
Statistical analyses were performed using SPSS Version 17 (SPSS, Chicago, IL, 

USA) and GraphPad Prism (GraphPad Software, San Diego, CA, USA). Wilcoxon 

signed ranks analysis and two-way ANOVA and multi-regression analysis was used. 

A p-value of <0.05 was considered to be statistically significant.  

 
Results 
Study 1: Effects of single PTS transport 
General platelet function markers such as the mean platelet count, MPV, glucose, pH 

and lactate concentrations of the 12 PCs (irradiated or non-irradiated) were not 

influenced by PTS transport on day 2 or day 7 (Table 1). PTS transport of all PCs 

(days 2 and 7) had no significant influence on in vitro platelet function, as measured 

with collagen-, TRAP-, NAA- or ADP-induced aggregation using LTA (Figure 2A). 

Similar results were obtained using impedance aggregometry, MEA (Figure 2B). 

Fractions of platelets expressing CD62P and levels of microparticles in plasma were 

not changed after PTS. In contrast, platelet storage (comparison between day 2 and 

7) did significantly affect the platelet function markers (except for pH) in both 

irradiated and non-irradiated PCs, increased CD62P expression and reduced platelet 

aggregation, especially with the agonists ADP and collagen (Table 1 and Figure 2). 
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Table 1: Results of study 1: comparison of functional markers of platelet concentrates (PCs) before 

and after PTS transport, and after different times of storage. 

 PTS transport** Storage time$ 

Parameter  before after D2 D7 

Platelet count (109/L) 1130 (142) 1123 (140) 1130 (142) 1037 (134) * 

MPV (fL) 7.1 (0.4) 7.1 (0.4) 7.13 (0.38) 7.46 (0.33) * 

pH 7.2 (0.0) 7.2 (0.0 7.1 (0.0) 7.2 (0.1) 

Glucose (mmol/L) 21.3 (1.5) 21.3 (1.2) 20.6 (15.9) 15.88 (1.6) * 

Lactate (mmol/L) 7.9 (1.1) 8.1 (1.3) 7.45 (1.2) 15.12 (3.0) * 

CD62P (% positive) 1.7 (0.8) 1.5 (0.7) 1.69 (0.8) 3.6 (1.2) * 

Microparticles 22.5 (16.6) 21.9 (15.7) 22.5 (16.6) 45.5 (50.1) * 
Storage time for 2 (D2) or 7 (D7) days. MPV (mean platelet volume). Data are means (S.D.), n=12. 

*P<0.05.  

 

Study 2: Effects of multiple PTS transports 
Platelet function analysis with LTA showed that multiple PTS transport only 

influenced TRAP-induced platelet aggregation (frequency p=0.03, aging p<0.0001), 

whereas collagen-, arachidonic acid-, and ADP-induced platelet aggregation was not 

changed by multiple PTS transports (Figure 3A). Analysis of platelet function with 

MEA showed similar results for TRAP (Figure 3B). Similarly, CD62P expression and 

microparticle levels were not influenced by multiple PTS transports (p=0.35 and 

p=0.58, respectively, Table 1). In contrast, storage for 2-7 days influenced all platelet 

function markers significantly. 
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Figure 2: Study 1 aggregometry results. Bars represent means ± S.D. White bars: before PTS; Black 

bars: after PTS; D2, storage day 2; D7, storage day 7. Panel A: LTA of PCs stimulated with collagen, 

arachidonic acid (NAA), thrombin receptor activating peptide (TRAP) or adenosine diphosphate (ADP). 
Panel B: MEA of PCs stimulated with collagen, arachidonic acid (ASPI), TRAP) or ADP. *Significant 

effect of storage time (P<0.05), # significant effect of radiation (P<0.05).  
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Figure 3: Study 2 aggregometry results. Bars represent means ± S.D.; D: day. A, black, non sent; B, 

light grey, once sent; C, white, once daily sent; D, dark grey, thrice sent. Panel A : LTA of PCs 

stimulated with collagen, arachidonic acid (NAA), thrombin receptor activating peptide (TRAP) or 

adenosine diphosphate (ADP). Panel B: MEA of PCs stimulated with collagen, arachidonic acid 

(ASPI), TRAP or ADP. *Significant effect of storage time (P<0.05), # significant effect of frequency of 

PTS use (P<0.05).  
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Discussion 
This work shows that PTS transport of PC concentrates from the laboratory to the 

operation theatre is possible without detectable loss in platelet function. Platelets are 

susceptible to damage caused by excessive shaking, sudden acceleration–

deceleration, and even vibration [4, 18]. For this reason, several investigators do not 

recommend sending specimens by PTS for platelet function testing. High quality of 

blood products for transfusion [17], is very important and this includes optimal 

storage and transport conditions [15]. For example, Keuren and Albanyan showed 

that the type of storage medium influences platelet function [14, 19], while Akay 

concluded that storage bags influenced platelet function [20]. Comparable 

publications on the influence of transport of platelet concentrates before transfusions 

are scarce. Javela and co-workers reported that inter-hospital car transport did not 

influence platelet function of PCs under storage, as assessed by flow cytometry 

(expression of CD62P, CD63 and glycoprotein V) or from metabolic markers (glucose 

and lactate concentrations, pH), but they did not assess platelet function by 

aggregometry. On the other hand, these authors found that storage did affect these 

markers, from which they concluded that platelet function should be monitored after 

inter-hospital car transport of PCs, to ensure the quality of the transfusion product 

[21].  

 We did not find evidence that single or multiple PTS transports influence 

platelet function, as measured by aggregometry (LTA or MEA), with the exception of 

a slightly decreased TRAP-induced aggregation after multiple transports of the PC 

samples. We can only compare our data to those of publications on whole blood 

sample transport by PTS. Thus, Braun et al. sent hirudin-anticoagulated whole blood 

samples via PTS and demonstrated that this transport did not influence platelet 

aggregation by MEA [22]. Wallin and colleagues also found that PTS transport of 

citrated whole blood samples did not influence platelet activity, measured with the 

PFA-100 system [23]. In contrast, Bolliger and coworkers found significant decreases 

in platelet function (measured by MEA) of hirudin-anticoagulated whole blood 

specimens after PTS transport, when compared with samples that had not been 

transported [11]. Similar effects are reported by Dyzkiewiscz-Korpanty and Hubner, 

who measured platelet activity by PFA-100 and LTA in citrated whole blood samples 

[9, 10]. It should be noted that the whole blood samples of these studies contained 
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red cells that are able to activate platelets by direct by ADP release, whereas we 

used PCs from which red reds had been removed. The contradictory results in the 

literature may be due to differences in pneumatic tube systems with different lengths, 

transportation speeds, connection points, transport temperature and storage times 

used, leading to a different exposure of PCs to mechanical stress and temperature 

drift. 

 We found a small effect that platelet aggregation with TRAP, but not with other 

agonists, was decreased after multiple PTS transports of PCs. This may be 

coincidence or indicate a slight sensitivity of TRAP-induced platelet activation to 

platelet PTS transport [24, 25]. Expression of P-selectin (CD62P) is considered to be 

a reliable marker of platelet activation [14, 19, 26, 27]. This parameter was markedly 

altered by PC storage, as reported earlier [14, 19, 28]. Microparticles are released 

upon platelet activation and facilitate coagulation [29]. PC transport did not influence 

the plasma level of microparticles, whereas storage significantly increased this level. 

Rank et al. also showed microparticles derived from activated platelets increased 

during storage [28], while Apelseth and co-workers reported higher levels of CD62P 

and microparticles during PC storage, as well as higher levels of CD62P and 

impaired TRAP- and collagen-induced platelet aggregation after irradiation [13]. We 

found that platelet counts and metabolic markers (glucose and lactate 

concentrations, pH) were stable after PTS transport, remaining within the ranges 

required by blood banks [16, 17].  

 In conclusion, our results show that PTS transport of PCs is feasible and has a 

negligible effect on in vitro platelet function. It remains to be demonstrated whether 

PTS transport of PCs influences platelet function in patients transfused with this 

product. 
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Abstract 
Globally, postpartum hemorrhage (PPH) is the leading cause of maternal morbidity 

and mortality. In current treatment of severe PPH, first line therapy includes 

transfusion of packed cells and fresh frozen plasma in addition to uterotonic medical 

management and surgical interventions. In persistent PPH, tranexamic acid, 

fibrinogen and coagulation factors are often administrated. Secondary coagulopathy 

due to PPH or its treatment is often underestimated and therefore remains untreated, 

potentially causing progression to even more severe PPH. In most cases, medical 

and transfusion therapy is not based on the actual coagulative state, as conventional 

laboratory test results are usually not available for 45-60 minutes. 

Thromboelastography and rotational thromboelastometry are point of care 

coagulation tests. A good correlation is shown between thromboelastometric and 

conventional coagulation tests, and the use of these in massive bleeding in non-

obstetric patients is widely practiced and has been proven to be cost effective. As 

with conventional laboratory tests, there is an influence of fluid dilution on coagulation 

tests that is more pronounced with colloid fluids. Fibrinogen seems to play a major 

role in the course of PPH and can be an early predictor in the severity of PPH. The 

FIBTEM values (in thromboelastometry, reagent specific for the fibrin polymerization 

process) decline even sooner than fibrinogen levels and might be used for early 

guidance of interventions. Data on thromboelastography and thromboelastometry in 

pregnant women are limited, particularly during the peripartum period and in women 

with PPH, so more research in this field is needed. 
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Introduction 
Globally, obstetric hemorrhage is the leading cause of maternal morbidity and 

mortality, with approximately 25% of all maternal deaths caused by excessive blood 

loss and inadequate treatment or resources [1]. Berg et al. reported that 40% of the 

pregnancy-related deaths are potentially preventable, particularly deaths as a 

consequence of hemorrhage [2]. Obstetric hemorrhage currently causes 7% of 

maternal death in the Netherlands [3]. In addition to mortality, severe morbidity may 

occur after postpartum hemorrhage, i.e. loss of fertility, Sheehan’s syndrome and 

multiple organ failure due to hypovolemic shock [4]. Taking these numbers and 

consequences into consideration, there is a need to improve the care around 

postpartum hemorrhage. The most common cause of massive postpartum 

hemorrhage is uterine atony; other causes include surgical incisions, lacerations or 

coagulation disorders. Abnormal placentation such as placenta preavia or placenta 

accreta are known risk factors for postpartum hemorrhage, the incidence in 

increasing mainly due the rising rate of caesarean section. Coagulation disorders 

may present as a primary or secondary cause of massive postpartum hemorrhage; 

the latter is often underestimated and undertreated. Secondary coagulation disorders 

may result from dilution (dilutional coagulopathy) or depletion of clotting factors or 

substrates such as erythrocytes or platelets (consumptive coagulopathy). The 

development of secondary coagulation disorders with delay in obstetric management 

are crucial prognostic factors for the severity of postpartum hemorrhage [5]. 

Many guidelines and flowcharts have been published to optimize the 

management of postpartum hemorrhage [6-9]. In these guidelines, conventional 

laboratory tests and vital parameters are used to guide transfusion. The use of 

thromboelastography (TEG) or thromboelastometry (ROTEM or TEM) in massive 

bleeding in non-obstetric patients is widely practiced and has been proven to be cost 

effective. Current guidelines for treatment of massive hemorrhage in trauma patients 

recommend the use of TEG or TEM [10-13]. However, TEG/TEM results in trauma 

patients cannot easily be compared with women during labor, as specific pregnancy 

and peripartum related hemodynamic and hemostatic changes are likely to influence 

TEG/TEM results. For correct interpretation of TEG/TEM in women with postpartum 

hemorrhage, normal reference values for pregnancy have yet to be determined. The 

aim of this narrative review is to discuss: hemostasis and hemostatic changes during 

pregnancy, definitions and management of postpartum hemorrhage, coagulation and 



	   92 

postpartum hemorrhage, the principles of TEG and (RO)TEM and the use of these 

test systems in obstetric hemorrhage. 

 
Hemostasis and hemostatic changes during pregnancy 
Hemostasis is vital for preventing major blood loss as it seals sites of injury in the 

vascular system. However, it must be controlled to prevent blood from coagulating 

within the vasculature and restricting normal blood flow. In the last decades, the 

mechanism of the coagulation cascade has been revealed [14, 15]. It has been 

recognized that the intrinsic and extrinsic coagulation pathways are not redundant, 

but are parallel generators of factor Xa on different cell surfaces.  

The cell-based model on coagulation consists of an initiation, amplification and 

propagation phase. It presumes tissue factor as sole initiator of coagulation. Tissue 

factor is expressed on cells outside the vascular system. Once an injury occurs, 

tissue factor-bearing cells are exposed to blood and circulating factor VIIa 

immediately binds to tissue factor. This results in the generation of a small amounts 

of factor Xa and thrombin, that diffuse to platelets. In the amplification phase, 

thrombin leads to generation of activated forms of factors V, VIII and XI. In the 

propagation phase, the various coagulation factors assemble at the surface of 

activated platelets to form tenase and prothrombinase complexes, and thrombin 

generation. This leads to generation of fibrin from fibrinogen [15, 16]. 

During pregnancy, plasma volume increases by 40% and the erythrocyte 

count by 25%. As a result, hemoglobin levels and hematocrit decrease due to this 

physiological hemodilution [17]. In addition, platelet levels drop due to hemodilution 

and increased consumption in the uteroplacental unit [17, 18]. In contrast, many 

coagulation factor levels increase during pregnancy, including von Willebrand factor, 

factor VII and VIII, as well as the levels of fibrinogen and factor IX. Other factors, 

such as factor XII and V remain unchanged [19, 20]. Natural coagulation inhibitors, 

such as protein S, decrease while the fibrinolytic system is negatively influenced by 

increased plasminogen activator inhibitor (PAI) and thrombin-activatable fibrinolysis 

inhibitor (TAFI). Overall, these changes result in a state of hypercoagulability and 

hypofibrinolysis that is protective against excessive blood loss at delivery, but also 

leaves pregnant women more prone to suffer from thrombo-embolic events. 

Fibrinogen levels rise significantly from week 28 to double non-pregnant levels by 

term, and remain elevated throughout the first postpartum days [17, 18, 21-23]. The 
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rise in fibrinogen is likely to be caused by an increase in synthesis due to hormonal 

changes, particularly elevated estrogen levels [24]. 

D-dimer values increase progressively during pregnancy, peaking at the first 

day postpartum and decreasing thereafter. This rise in D-dimer accompanies a 

simultaneous increase in circulating fibrinogen and other procoagulant factors during 

pregnancy. Despite hypofibrinolysis, the excess of fibrin deposition results via an 

increase in tissue plasminogen activator in higher D-dimer values [17-20, 24, 25]. 

Despite all these hemostatic alterations in pregnancy, laboratory studies show 

unchanged or only slightly decreased levels of activated partial thromboplastin time 

(aPTT), prothrombin time (PT) and international normalized ratio (INR); all of these 

remain within normal limits for non-pregnant women [20]. These overall 

hypercoaguable hemostatic changes contribute to the physiological preparation for 

delivery and prevention of excessive blood loss postpartum. An alteration in this 

equilibrium may influence the course of postpartum hemorrhage. 

 

Definitions and management of postpartum hemorrhage 
Definitions for postpartum hemorrhage vary. In general, postpartum hemorrhage is 

defined as blood loss of more than 500 mL within 24 hours after vaginal delivery or 

1000 mL after caesarean section. Severe postpartum hemorrhage is indicates by 

blood loss of more than 1500 mL, a decline in hemoglobin of more than 4g/dL or 

more, transfusion of at least four units of red blood cells or the need for a hemostatic 

(embolisation) or operative intervention. Massive blood loss is defined as the loss of 

one blood volume, the loss of 50% of blood volume within 3 hours or a loss rate of 

150 mL/minute [26]. It is important to note that the amount of blood loss in 

postpartum hemorrhage is difficult to assess clinically and is usually underestimated 

[27, 28]. The most common cause of PPH is uterine atony, which should be treated 

immediately by emptying the bladder and administering pharmacological agents such 

as oxytocin, ergometrine or misoprostol [7]. Other causes of blood loss, such as 

retained products of conception, uterine or birth canal trauma or pre-existing 

coagulation problems, must be considered as well.  

Management should include the following steps: laboratory evaluation of 

hemoglobin level, hematocrit, platelet count, and fibrinogen concentration, as well as 

PT and aPTT. Volume resuscitation: initially fluid resuscitation, followed if necessary 

by transfusion of red blood cells to assure rapid correction of oxygen carrying 
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capacity. The risk of dilutional coagulopathy due to fluid resuscitation should be 

considered. Correction of coagulation factors: depending on laboratory results and 

the clinical condition of the patient, fresh frozen plasma, fibrinogen, platelets or 

tranexamic acid can be administered. Off-label use of recombinant activated factor 

VII (Novo seven) should be considered only in refractory cases with ongoing bleeding 

after sufficient correction of all deficiencies has been achieved. Surgical measures 

include: evacuation of retained placental fragments, balloon tamponade, selective 

embolisation of the uterine artery, uterine compression sutures (B-lynch) or 

hysterectomy as necessary and clinically indicated [6-9]. It is important to note that 

massive postpartum hemorrhage is potentially life-threatening and requires a 

multidisciplinary approach, including all staff working at a labor ward, anesthesia and 

hematology. The Confidential Enquiry into Maternal and Child Health (CEMACH) 

strongly recommends the development of multidisciplinary massive hemorrhage 

guidelines, adapted to the hospital. Such protocols are already used in trauma 

medicine to simplify and expedite the delivery of blood products to hemorrhagic 

patients [13, 29, 30].  

In obstetrics there are few good publications of the implementation of massive 

hemorrhage guidelines in clinical practice [31-34]. There have been several 

publications on improved maternal outcome after the introduction of a 

multidisciplinary protocol and approach in postpartum hemorrhage, despite more 

cases of postpartum hemorrhage [35, 36]. The use of these protocols and regular 

local drill is recommended, as is attending the Managing Obstetric Emergency and 

Trauma (MOET) courses [7, 33]. 

 
Coagulation factors in postpartum hemorrhage 
Primary coagulation disorders are not frequently identified as a cause of postpartum 

hemorrhage, except in women on anti-coagulation medication or with a known history 

of bleeding disorders [5]. Case series have shown a higher incidence of postpartum 

hemorrhage in women with inherited bleeding disorders such as von Willebrand 

disease (RR 1.5-3.0) [37-39]. Other causes that have been independently associated 

with a significant risk of severe postpartum hemorrhage include low levels of 

fibrinogen (even without reaching levels of deficiency), von Willebrand factor antigen, 

factor XI, platelet CD42b level, TRAP-induced increase of platelet CD41a expression, 

high values of serum residual prothrombin activity and blood group O. The presence 
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of two or more independent risk factors showed an odds ratio of 16.4 for severe 

postpartum hemorrhage [40]. 

General screening of the pregnant population for disorders of coagulation 

would not be cost-effective nor informative due to low prevalence and insufficient 

data on reference ranges in pregnancy, as well as limited data on therapeutic 

algorithms based on such screening results. In women with clinical postpartum 

hemorrhage, however, primary coagulation disorders should be considered. Most 

patients with postpartum hemorrhage due to a coagulopathy will have a history that 

points to bleeding tendency (e.g. bruising, hematoma, bleeding with teeth brushing, 

and/or heavy menstrual bleeding) [41]. Severe postpartum hemorrhage may result in 

secondary coagulopathy, similar as seen during massive blood loss in trauma 

patients. This may be due to the consumption of coagulation factors, dilution, 

acidosis or hypothermia. Resuscitation with crystalloid fluids in large amounts may 

induce dilutional acidosis, formation of interstitial edema and impairment of 

microcirculation [42]. Colloid fluids, in particular synthetic colloids such as 

hydroxyethyl starch (HES) solutions may impair clot formation and therefore increase 

blood loss [43, 44]. Furthermore, even new generation medium molecular weight 

HES disturbs fibrin polymerization in patients undergoing spine surgery; the presence 

of HES or gelatin solutions in patients with fibrinolysis leads to faster clot 

disintegration [45, 46]. 

Progressive dilutional coagulopathy, hypothermia and metabolic acidosis have 

been referred to as the lethal triad in non-pregnant patients with massive blood loss 

[47, 48]. In current guidelines for management of severe postpartum hemorrhage, 

transfusion of packed cells, fresh frozen plasma and platelets, in addition to 

uterotonic therapy, fluid resuscitation and surgical measures, is regarded as first line 

therapy [6-9]. In most cases, therapy of postpartum hemorrhage cannot be based on 

the actual hemostatic competence, as regular conventional coagulation tests typically 

require 45-60 minutes for results to be available and are non-specific [49]. One 

logistical challenge is the time needed to prepare plasma from anticoagulant whole 

blood samples. Another clinical challenge is that aPTT (to detect deficiencies of 

coagulation factors VIII, IX, XI or XII) and PT (to detect deficiencies of coagulation 

factors X, VII, V or II) only measure the plasma component of the coagulation 

cascade. They both were initially developed as laboratory tests to monitor 

anticoagulant treatment, including heparin and vitamin K antagonists, respectively. 
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Transfusion with fluids, packed red blood cells and FFP will aggravate 

dilutional coagulopathy, as has been demonstrated in cardiac surgery [50]. Such 

products do not correct coagulation disorders completely, as even FFP contains 

insufficient amounts of coagulation factors. Most postpartum hemorrhage protocols 

advocate the transfusion of 4 FFP for every 6 units of packed red cells or with a 

PT/aPTT >1.5 times normal, as do many guidelines for management of bleeding 

following major trauma. 

In recent years there have been several publications that suggest a better 

outcome and fewer transfusions, when transfusing packed red blood cells and FFP 

on a 2:3 or even on a 1:1 ratio and early transfusion of FFP. The studies, however, 

are mainly retrospective [13, 51-53]. In persistent PPH, fibrinogen, coagulation 

factors and tranexamic acid are often administered. Tranexamic acid has an 

antifibrinolytic effect, and acts by blocking the conversion of plasminogen to plasma. 

It is effective in reducing peri- and post-operative blood loss [54, 55] and in reducing 

heavy menstrual bleeding [56]. During delivery of the placenta, there is rapid 

degradation of fibrinogen and fibrin, as well as activation of plasminogen activators 

and production of fibrin degradation products due to activation of the fibrinolytic 

system. The antifibrinolytic effect of tranexamic acid could theoretically reduce blood 

loss in the third stage of labor, although at present there is insufficient evidence to 

support its use in this setting [57]. Additionally, a study of Charbit et al. suggests that 

there is no evidence of hyperfibrinolysis in patients with PPH due to severe uterine 

atony [58]. The WOMAN Trial (World Maternal Antifibrinolytic Trial), a randomized 

controlled trial in which tranexamic acid is compared to placebo in women with PPH, 

might resolve this issue [59].  

The off-label use of pro-coagulative agents such as recombinant factor VIIa is 

only indicated and effective in the presence of adequate substrate for coagulation 

(fibrinogen and platelets) and is not without risk, a meta-analysis reported 

significantly more arterial thrombotic events in patents receiving recombinant factor 

VIIa [60, 61]. Possible side effects of uncontrolled administration of blood products 

and factor concentrates also include thrombosis and volume overload. The absence 

of quick and specific laboratory tests to monitor postpartum hemorrhage and assess 

the development of a secondary coagulopathy can result in excessive and avoidable 

usage of blood products. A preferred approach would be the selective administration 

of blood products and clotting factors according to depletion [62, 63]. The general 
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protocols and guidelines utilized for the non-pregnant patient are likely not adequate 

or appropriate for peripartum women.  

In pregnancy, the relative hypercoagulable state makes uncontrolled treatment 

potentially more dangerous. In addition, there are no clear therapeutic thresholds 

defined for peripartum women. It is unclear whether treatment should be aimed at 

achieving minimal levels described for non-pregnant subjects or whether pregnancy 

normal values should be the goal. Evaluation of fibrinogen levels presents a good 

example of this issue; Charbit et al. [58] investigated different coagulation parameters 

during PPH and found that PT, INR, aPTT, fibrinogen, D-dimer, prothrombin and 

factor V were significantly lower in a group of women with severe postpartum 

hemorrhage compared to women with milder postpartum hemorrhage. In both 

groups, however, the fibrinogen values were within normal range for non-pregnant 

subjects (2 to 4 g/L). In the peripartum period, however, normal fibrinogen values are 

above what is considered normal and vary from 3.5 to 6.5 g/L [20]. Consequently, 

values used to guide interventions might differ from non-pregnant levels. Fibrinogen 

is of importance in forming a firm clot and is the first parameter to decrease during 

massive bleeding, due to increased fibrinogen consumption as well as hemodilution 

resulting from fluid administration. Fibrinogen is the only parameter that has been 

shown to be significantly lower and independently associated with progress toward 

severe bleeding. Fibrinogen levels ≤2 g/L have been reported to have a positive 

predictive value of 100% and therefore could be an early predictor of severe 

postpartum hemorrhage [58]. Gayat et al. published a retrospective cohort on 

predictors of severe postpartum hemorrhage; in a univariate analysis fibrinogen 

levels <2 g/L and prothrombin time <50% were significant preditors of severe post 

partum hemorrhage, while in the multivariate analysis only fibrinogen levels <2 g/L 

remained significant [64]. Bell and co-workers presented 6 cases of obstetric 

hemorrhage associated with hypofibrinogenemia (all fibrinogen levels <1.5 g/L), who 

were treated with fibrinogen. All coagulation tests rapidly normalized and severe 

hemorrhage improved. Notably, however, all patients also received platelets, fresh 

frozen plasma and packed red cells [65]. In contrast to obstetrics, many surgical 

specialties utilize early administration of fibrinogen in cases of severe bleeding. 

Although data are limited, results consistently favor the early administration of 

fibrinogen over FFP in bleeding patients [66]. 
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Principles of thromboelastography (TEG) and rotational thromboelastometry 
(ROTEM) 
Thromboelastography and rotational thromboelastometry are highly similar, dynamic, 

visco-elastic coagulation tests, which encompass the whole coagulation process from 

the initiation of coagulation to clot formation and fibrinolysis. The tests can be 

performed in a point-of-care setting, with whole blood instead of plasma. Devices in 

which these tests are performed allow analyzing multiple samples at the same time. 

The technique of thromboelastography was first introduced by Hartert in 1948. 

Clinically, it was used in 1985 to check hemostatic activity during hepatic and 

cardiothoracic surgery. The current thromboelastograph (TEG) device consists of a 

plastic pin attached to a torsion wire that is immersed in a rotating cup. During the 

process of clot formation, an electrical signal produces a time cuve of the elasticity of 

the formed clot (Figure 1). The outcome of a TEG tracing is presented as five 

parameters:  

• R: the time from starting the test to that of initial fibrin formation, determined by 

the curve slope (seconds) 

• K: the time from initial fibrin formation till an amplitude is reached of 20 mm 

(seconds) 

• α angle: the maximal slope of the curve (°) 

• maximal amplitude (MA) of the fibrin formation curve (mm) 

• Ly30: the extent of amplitude reduction at 30 minutes after MA. 

Alterations in the normal TEG curve and in the different curve parameters appear to 

provide useful information regarding abnormalities in the coagulation process. A 

prolonged R value points to delayed coagulation factor activation; the K and α angle 

are parameters of coagulation factor amplification; the MA reflects platelet function, 

and the Ly30 detects fibrinolysis activity. 

 Tests with this assay can also be run in native whole blood. However, it is 

common to use anticoagulated blood with coagulation activators to stimulate different 

pathways. Tissue factor/CaCl2 or kaolin/CaCl2 are added to trigger the extrinsic or 

intrinsic coagulation pathways, respectively. If required, heparinase and platelet 

GPIIb/IIIa inhibitors can be added to provide more detailed information in specific 

clinical settings [67]. 

 



	   99 

 
Figure 1: Parameters of thromboelastography (TEG) in a graph. For explanation, see text. 
 

Rotatonional thromboelastometry (ROTEM) is based on the same principles as 

thromboelastography, but now a rotating plastic pin fixed on a steel axis is immersed 

into a cup that is not moving. The movement of the pin is converted to an optical 

signal and transferred to a graphical display (Figure 2). The outcome of a ROTEM 

tracing is very similar to that of TEG with results, again presented as five parameters: 

• CT (clotting time): time from start of measurement until initiation of clotting 

(seconds) 

• CFT (clot formation time): time from initiation of the clotting until a curve 

amplitude of 20 mm is detected (seconds) 

• α angle: angle of the maximal slope of the curve (°) 

• MCF (maximum clot firmness): maximal amplitude reached in the curve (mm) 

• ML (maximum lysis): reduction of the clot firmness (MCF) as a function the 

MCF (%). 

 

Also in this case of the ROTEM test, different coagulation activators are used to 

initiate the coagulation process. In the so-called INTEM assay, CaCl2, phospholipids 

and ellagic acid are used to activate the intrinsic pathway. In the EXTEM assay, 

tissue factor is used for activation of the extrinsic pathway. In the FIBTEM assay a 

platelet inhibitor (cytochalasin D) is added to the blood sample, and tissue factor plus 

CaCl2 are used to trigger. This test differentiates between platelet dysfunction and  
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Figure 2: Parameters of rotational thromboelastometry (ROTEM) in a graph. For explanation, see text. 
 

impaired fibrin formation. In the APTEM assay, a fibrinolysis inhibitor (aprotinin) is 

used together with tissue factor and CaCl2 to check for hyperfibrinolysis. 

Abnormalities are further distinguished in the following ways. In case of initial clotting 

abnormality due to coagulation factor deficiency: the clotting time (CT) and clot 

formation time (CFT) are prolonged and the angle of the curve is reduced. Specific 

defiencies in the extrinsic or intrinsic coagulation pathways are detected by 

comparing the EXTEM and INTEM assays. In case of fibrinogen deficiency: the CT is 

normal, the CFT is slightly prolonged and the maximum clot firmness (MCF) is 

reduced. Platelets are non-functional in FIBTEM assay, implying that the test 
evaluates a specific lowering in fibrinogen level. Using the APTEM test in 

combination with the EXTEM test, the extent of fibrinolysis can be determined [12, 

68, 69]. 

 
Use of thromboelastography and rotational thromboelastometry in obstetrics 
Several publications discuss the use of these clot formation tests, but with little 

attention to its use in pregnancy. Limited studies have compared blood parameters of 

pregnant women to non-pregnant subjects, and their confirmed hypercoaguable state 

of parturients with thromboelastography [70, 71]. Other studies focused on specific 

situations during pregnancy and delivery. A short overview is given in the following. 
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Comparing pregnant with non pregnant women 

Armstrong and colleagues compared the ROTEM parameters of clot formation for 

blood from healthy pregnant women and healthy, non-pregnant female controls. They 

confirmed the presence of a hypercoaguable state in normal pregnancy, and 

conclude that this point-of-care test can be a helpful adjunct to conventional 

laboratory testing, because it reduces delays in instituting appropriate treatment. 

Reference values for pregnant women have not been determined [72]. Huissoud et 

al. showed a significant increase in clot amplitude at 5 and 15 seconds (INTEM, 

EXTEM and FIBTEM) for healthy pregnant women in the second and third trimester. 

This is again in concordance with a hypercoaguable state of pregnancy. The clotting 

time and clot lysis index at 30 minutes did not change during pregnancy. 

Furthermore, a significant correlation was obtained between ROTEM and 

conventional coagulation tests, e.g. a correlation between fibrinogen concentration 

and clot amplitude in the FIBTEM analysis was found [73]. These data combined with 

the results of Charbit and colleagues suggested that thromboelastography can be 

used as a rapid diagnostic tool to detect a decrease in fibrinogen in cases of severe 

bleeding [58]. 

Oudghiri and colleagues [74] tried to define reference values for ROTEM 

parameters in blood from a small group of women in the postpartum period after 

uncomplicated deliveries (without PPH). A strong correlation between 

thromboelastometric and conventional coagulation parameters was again found, 

especially regarding fibrinogen concentration and the FIBTEM assay. Unfortunately, 

the study excluded women with postpartum hemorrhage, and had a small sample 

size. 

 

Hemodilution 

The effect of hemodilution on thromboelastometric parameters has been studied in 

pregnant women, e.g. after elective caesarean section to detect peripartal changes 

and blood loss. Butwick et al. [75] demonstrated that preloading with hydroxyethyl 

starch (HES, 500 mL) but not lactated Ringer solution (1500 mL) resulted in mild 

coagulation effects in the clot formation time measured with TEG. Turker et al. 

showed a mild hypocoaguable effect on TEG parameters (shorter R-time and lower 

maximum amplitude) in healthy parturients after preload with HES or succinylated 

gelatine before elective caesarean section. Ansari and co-workers demonstrated that 
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in vitro dilution to 60% with lactated Ringer solution in the presence or absence of 

HES caused changes in all clot formation parameters, measured by ROTEM [76, 77]. 

 
Use of thromboelastography or thromboelastometry in obstetric hemorrhage 
A number of studies have assessed the utility of TEG or ROTEM testing in relation to 

pregnancy. Butwick assessed the correlation between TEG parameters and blood 

loss in elective caesarean section. They show a weak association between clot 

strength (maximum amplitude) and blood loss, and a modest reduction in maternal 

hypercoagulability during the early postpartum period [78]. In a prospective 

observational study focused on postpartum hemorrhage, the group of Huissoud 

compared 51 women with hemorrhage to a historical control group, and showed that 

in ROTEM, the FIBTEM-derived clotting time was significantly prolonged and clot 

amplitudes were significantly lower in the postpartum hemorrhage group compared to 

the non-bleeding control group [79]. However, the authors to no inform on the 

moment of blood sampling and the amount of blood loss. A strong correlation 

between fibrinogen level and FIBTEM assay parameters was present in the 

postpartum hemorrhage and the control group. 

 In an unpublished study by Ducloy-Bouters (expert meeting, Munich, April 

2010), the cut-off values for the FIBTEM assay were evaluated at 30 minutes 

postpartum in a small number of women (12 PPH and 30 controls) [80]. Low 

fibrinogen levels (<4 g/L) and a low maximum clot firmness (<19 mm) were seen in 

10 out of 12 patients in the postpartum hemorrhage group, but in only 5 out of 30 

patients of the control group. It was concluded that these values inform on the risk of 

bleeding in postpartum hemorrhage. Another small study by Bauters et al. compared 

results from 23 patients with postpartum hemorrhage and 31 women without 

hemorrhage [81]. The authors defined postpartum hemorrhage as a blood loss >800 

mL and analyzed the first blood sample at the moment of diagnosis, and another 

sample two hours later. In patients with postpartum hemorrhage, a decrease in 

FIBTEM values was observed already before major decreases in plasma fibrinogen, 

suggesting coagulopathy and a subsequent fibrinogen decrease. There are no other 

studies are available with postpartum hemorrhage patients, which hampers routine 

use in this clinical setting.  
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Limitations 
As with any laboratory test, TEG and ROTEM assays have limitations. Adequate 

training is required and the inclusion of quality control samples. Furthermore, the 

tests are of limited use with blood from patients on platelet inhibitors, as platelets 

contribute to the measured clot formation amplitude [82]. In some cases, it has not 

been possible to discriminate between thrombocytopenia or disorders of platelet 

function [83, 84]. Treatment with fibrinogen may increase maximal clot firmness in 

INTEM and EXTEM and disguise thrombocytopenia [85]. 

Another limitation is the measurement temperature: TEG and ROTEM analysis 

are routinely performed at 37°C. As a consequence of hypothermia is not recognized 

and may be left untreated [86, 87]. Finally, fibrinogen is a well-known acute phase 

protein, which can also be important in cases of PPH. 

 

Conclusions 
Conventional coagulation tests are time-consuming in acute situations and cannot 

predict the course of massive blood loss. As a consequence, in many cases blood 

products are given in an uncontrolled way, which is risky and expensive. In contrast, 

TEG and ROTEM to measure elastic clot formation in whole blood are rapid tests that 

can help to differentiate potential causes of hemostatic failure. The outcome of both 

tests correlates well with the plasma fibrinogen level. As with conventional laboratory 

tests, there is an influence of fluid dilution on coagulation test results that is more 

pronounced when colloid fluids are administered. Low fibrinogen levels can be 

detected earlier with the FIBTEM assay than with conventional tests in women with 

post partum hemorrhage. While there are some data regarding the use of TEG and 

ROTEM in blood from pregnant women, normal reference values are lacking and cut 

off values have not been defined. 

The evidence available at this moment does not support the use of TEG or 

ROTEM to screen for coagulation disorders in healthy women to predict postpartum 

hemorrhage. However, in secondary coagulopathy as a consequence of postpartum 

hemorrhage they can help in early diagnosis and treatment, given the role of 

fibrinogen in postpartum hemorrhage. Future research should be directed to 

establish: (i) normal values for TEG/ROTEM in uncomplicated deliveries, (ii) cut-off 

values for intervention to determine whether treatment should start at certain FIBTEM 

parameters (correlating with fibrinogen levels) for (non-)pregnant women; and (iii) 
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cost-effectiveness of TEG/ROTEM based care compared to current care in 

postpartum hemorrhage. 
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Abstract 
Adequate monitoring of the changes in platelet function in HELLP (haemolysis, 

elevated liver enzymes, low platelet count) syndrome is important for clinical 

decision-making. We present a case of a primigravid woman developing HELLP 

syndrome at 29 weeks and 6 days. Platelet function was assessed by multiple 

electrode aggregometry and platelet function analyzer (PFA-100). Furthermore, 

platelet count and mean platelet volume (MPV) were monitored over an eleven days 

period. The results suggested that the outcome parameters of MPV and PFA-100 are 

better predictors for platelet function than platelet count. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	   111 

Introduction 
Around 5‰ of all pregnancies are complicated by the HELLP syndrome (haemolysis, 

elevated liver-enzymes and low platelets), in which platelet counts are well below 100 

x 109/L [1-3]. Data on platelet function is crucial for timing and planning of delivery, 

anticipating haemorrhage and choice of anaesthesia technique for the obstetrician 

and the anaesthesiologist, respectively. Previously, we investigated platelet function 

in preeclampsia and HELLP syndrome using the Multiplate (MEA; Verum 

Diagnostica, Munich, Germany) and PFA-100 devices (Siemens Medical Solutions, 

Europe) [4]. In the present report, in one patient with HELLP syndrome, we 

performed several analyses at various moments during her pregnancy. It is 

worthwhile to perform this follow-up on platelet function, because little is known about 

this regained function over time. 
 
Case report 
We report a 32 year old primigravid woman with history of breast augmentation, 

lactose intolerance, hay fever and menstrual-cycle dependent migraine. She did not 

have a history of smoking or drugs- or alcohol (ab)use. The patient did not take any 

medication. At 29 weeks and 6 days of gestation, she was hospitalized because of 

the diagnosis HELLP syndrome. She showed arterial hypertension (RR 170/110 

mmHg), peripheral oedema, epigastric pain and migraine. Blood samples revealed 

mild liver dysfunction (aspartate amino transferase 177 IU/L, alanine amino 

transferase 109 and lactate dehydrogenase 843 IU/L). The patient was treated for 

hypertension with methyldopa, labetalol and nifedipine. Magnesium sulphate was 

added to prevent seizures, and two doses of bethametasone (12 mg intramuscularly) 

were administered for lung maturity of the child on day of admission (day 0) and day 

1, each. Platelet count and function were measured at the same time. In total, we 

collected 7 blood samples in 11 days (Figures 1 and 2). On the first morning (30 

weeks gestation), platelet count was low as was mean platelet volume (MPV). Using 

the PFA-100, closure times for ADP and epinephrine were below reference values, 

suggesting platelet dysfunction. Starting from day two, closure times (PFA-100) 

became normal until delivery. In the first measurement, platelet count was low, 

whereas MPV was within the normal range. At the third measurement, MPV rose to 

above normal, while platelet levels were fallen again. At the next measurement, 

platelet levels had normalized, while the elevated MPV persisted.  



	   112 

Because of the previously abnormal closure times, we decided to measure 

platelet function by multiple electrode aggregometry (Multiplate), a technique 

described in detail by Tóth et al. [5]. As we had no clue of the effect of the standard 

ADP concentration (6.4 µM) in the HELLP syndrome, we used a tailored set of 

reagents for ADP: 0.5 µM, 2.5 µM and 7.5 µM. However, for collagen and TRAP 

(thrombin receptor-activating peptide), we used the standard doses (Table 1). Nearly 

all platelet aggregation measurement using the Multiplate showed results below 

normal ranges. With collagen stimulation, we recorded low results but within the 

normal range.  

On day 18 (at 32 weeks and 3 days after conception), a healthy girl (birth 

weight: 2295 g; APGAR: 8/9; umbilical arterial chord pH 7.27) was delivered by 

caesarean section under general anaesthesia, because of frank breech presentation. 

Platelet level at that time was 56 x 109/L, and the activated partial thromboplastin 

time (aPTT) was 36 seconds. During operation, the patient received one unit of 

platelet concentrate because of a risk of bleeding. On day five postpartum, the 

patient had recovered completely, and she was discharged together with her infant 

from the hospital. She did not have haemorrhage and her blood pressure was 

regulated well (140/83 mmHg) using labetalol twice daily 200 mg. The child received 

a seven days regimen of antibiotics because of high C-reactive protein (maximum of 

32 mg/dL). 

 
Table 1: Platelet aggregation results using Multiplate for patient with HELLP syndrome. 

 ADP  (AUC) Collagen TRAP 

 0.5 µM  2.5 µM  7.5 µM  3.2 µg/mL 32 µM 

      

Mean 14.00 18.00 27.33 68.17 39.60 

Minimum 4 2 3 21 18 

Maximum 25 26 42 101 62 

Normal Range  n.d. n.d. n.d. 45.9-116.6 94.1-156.3 

 

Whole-blood platelet aggregation using the Multiplate, starting at the day after admission to the 

hospital. Platelets were activated with ADP, collagen or TRAP, as indicated. AUC = area under the 

curve, n.d. not defined. Data are presented as median and inter-quartile ranges. 
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Figure 1:  Closure times of patient blood samples using PFA-100 device. Normal range for 

ADP/collagen (lower curve) cartridges was 55–119 seconds and for epinephrine/collagen cartridges 

(upper curve) it was 67-171 seconds.  
 
Discussion 
Interestingly, platelet function was out of range on day 1, and had recovered 

completely one day later. In an earlier study, we were unable to detect relevant 

platelet dysfunction using various methods in this specific population [4]. However, 

we suggested a raised MPV to be a better predictor for regarding risk of bleeding 

than platelet level itself. Our interpretation of this case is as follows. In the second 

measurement, platelet size and count were increased, while also closure times with  
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Figure 2: Mean volume (black line) of patient platelets and platelet count (interrupted line). Normal 

range for mean platelet volume was 8.6-9.7 fL and for platelet count, this was 130-350 x 109/L.  
 

PFA-100 had normalized. This is consistent with a restoring function of the platelets 

[6]. Yet, platelet aggregation in all Multiplate measurements was low to normal. This 

still points to an impaired function. Tóth et al. have shown using ADP as a reagent 

that the area under the curve (AUC) reacts lineary with the dose of ADP [5]. Hence, 

the maximal AUC of 42 at 7.5 µM ADP is still below the normal range, for the 

standard ADP concentration of 6.4 µM (53.4-122.0 AUC), which again points to an 

impaired platelet function.  

It is clearly conceivable that these low values can be the consequence of the 

low platelet count, because the platelet aggregation results decrease at counts below 

100 x 109/L [7]. However, the sudden fall in platelet count to 70 x 109/L was not 

accompanied by changes in PFA-100 results nor by a rise in MPV. This indicated a 
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lack of correlation between platelet count and platelet activity. Contrariwise, the later 

changes in both MPV and PFA-100 results seem to reflect recovery of platelet 

function. This is in accordance with the idea that MPV can act as a marker for platelet 

function and consumption [8]. On the other hand, one can speculate that the 

improvement of MPV is based on an effect of betamethasone treatment, as recently 

shown by Cerekja et al. [9].  

In conclusion, this is the first report on platelet function during the course of 

HELLP syndrome and recovery. Both MPV and PFA-100 appear to detect the 

improved hemostasis, and thus can help in monitoring and decision making during 

the course of HELLP syndrome. However, the variation in platelet function during 

complicated pregnancies still remains only partly understood. A thorough study is 

needed to investigate the ideal timing and planning of delivery in pregnancies 

complicated by HELLP syndrome. 
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Abstract 
Background: Patients subjected to hemodilution during surgery are at increased risk 

of bleeding. We hypothesized that, in the acquired dilutional coagulopathy, 

insufficient hemostasis is due to either insufficient thrombin generation or insufficient 

fibrin clot formation. 

Methods: In tissue factor-activated plasmas from patients with coagulation 

deficiency, we measured time curves of thrombin generation and fibrin clot formation 

(thromboelastography). Investigated were in study A: 10 patients treated with vitamin 

K antagonist and 5 healthy subjects; in study B: 30 patients undergoing 

cardiopulmonary bypass (CPB) surgery and infused with on average <2000 mL 

crystalloids and colloids (no major bleeding); in study C: 58 patients undergoing 

major general surgery, and transfused with >5000 mL crystalloids, colloids and red 

cell concentrates, who experienced major bleeding and were post-transfused with 

fresh frozen plasma. 

Results: Treatment with vitamin K antagonist led to a progressive reduction in 

thrombin generation but not fibrin clot formation. In CPB patients, plasma factor 

levels post-surgery were 53-60% of normal, which was accompanied by moderate 

reduction in both hemostatic processes. In plasmas from patients undergoing major 

surgery, factor levels were 38-41% of normal, and these levels increased after 

plasma transfusion. Taking preset thresholds for normal thrombin generation and 

fibrin clot formation, at least one process was low in 88-93% of the patients with 

(persistent) bleeding, but only in 40-53% of the patients without bleeding. 

Conclusions: The processes of thrombin generation and fibrin clot formation are 

independently reduced in acquired dilutional coagulopathy, while minimal levels of 

both seem to be required for adequate hemostasis. 
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Introduction 
Patients undergoing major surgery or trauma are routinely treated with fluids lacking 

coagulation factors, which leads to an increased risk of bleeding problems due to 

dilutional coagulopathy. In clinical practice, the indications for impaired hemostasis 

are currently obtained from conventional coagulation tests, such as the prothrombin 

time (PT) and activated partial thromboplastin time (aPTT). However, since these 

single point assays are rather insensitive to coagulation insufficiencies, there is 

currently is increased interest in the use of integrative tests for the prediction of 

bleeding risks. Popular tests which provide integrated, time-dependent information on 

the total activity of the coagulation process include time-dependent measurements of 

thrombin generation [1, 2] and clot strength using the method of thrombo-

elastography [3-5]. It is supposed that these integrative measurements are valuable 

for not only the monitoring of coagulopathy but also the management of transfusion 

[6]. However, why integrative measurements would perform better is unclear, given 

the still limited knowledge of the altered coagulation process under clinically relevant 

conditions of in vivo dilution, and in particular because of the unclear relation 

between the processes of thrombin generation and fibrin clot formation. 

Recent data suggest that limited thrombin generation is one of the 

determinants of the risk of peri-operative bleeding [7]. However, there is a large body 

of evidence that also the plasma fibrinogen level, which does not play a key role in 

thrombin generation [8], needs to reach threshold levels to prevent bleeding [9-11]. In 

the present paper we hypothesized that insufficient hemostasis in dilutional 

coagulopathy can be due to deficiencies in either thrombin generation or fibrin clot 

formation. To test this, we performed a first proof-of-principle study with plasmas from 

patients taking vitamin K antagonist and from patients experiencing peri-operative 

dilution with or without bleeding. 

 

Materials and methods 

Materials 

Apyrase and bovine serum albumin were from Sigma (St. Louis, MO, USA). Tissue 

factor (Innovin) was from Dade Behring (Marburg, Germany). Thrombin substrate Z-

Gly-Gly-Arg aminomethyl coumarin (Z-GGR-AMC) came from Bachem (Bubendorf, 

Switzerland); human thrombin calibrator and thrombogram software were from 

Thrombinoscope (Maastricht, The Netherlands). Procoagulant phospholipid vesicles 
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(phosphatidyl serine : phosphatidyl choline : phosphatidyl ethanolamine, 1:3:1, 

mol:mol) were prepared, as described[12]. Thromboelastogram control was from 

Haemoscope, IPO Medical (Barendrecht, The Netherlands). Other reagents were 

obtained from Sigma. 

 

Clotting time and factor measurements in plasma 

Measurement of PT was with innovin reagent, of the aPTT with the actin-FSL kit 

(Dade Behring). Plasma fibrinogen was determined as described [13]. The Behring 

coagulation system (Dade Behring) was used to measure levels of prothrombin, 

factor X and factor XIII via a one-stage clotting assay with factor-deficient plasmas. 

Antithrombin was measured using the same system and a chromogenic assay. 

Heparin in plasma was determined as anti-factor Xa activity using the Coamatic 

heparin test (Chromogenics, Mölndal, Sweden). Plasma levels of IgG were quantified 

using an Immage nephelometer and goat anti-human IgG (Beckman Coulter, 

Mijdrecht, The Netherlands). 

 

Patients 

The studies were approved by the local Medical Ethics Committee. Blood was taken 

from patients before and after surgery for clinical determination of standard clotting 

tests and factor levels. Patients and healthy volunteers did not use other anti-

thrombotic medication than indicated. None of the patients had multiple organ failure, 

sepsis, or renal or liver dysfunction. Remnant blood samples were used for 

measurements of non-standard factor levels, thrombin generation and fibrin clot 

formation. Healthy volunteers and patients gave full informed consent. 

Study A. For evaluating the effects of anticoagulant treatment without plasma 

dilution, blood was obtained from 5 healthy volunteers and from 10 patients, who 

were using a vitamin K antagonist (acenocoumarol, 3.13 ± 1.8 mg/day during >7 

days; mean ± SD) and were under coagulant control of the Maastricht Anti- 

coagulation Clinic. Based on the international normalized ratio (INR) of plasma PT, 

the patients were divided into two groups, i.e. one with moderate anticoagulation 

(INR 1.8-2.6) and one with high anticoagulation (INR 3.6-4.8). Haemostatic 

parameters of these healthy controls and patients are given in Table 1. 

Study B. Effects of non-severe dilution were investigated using remnant blood  
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Table 1: Haemostatic parameters of healthy subjects and of patients treated with vitamin K antagonist  

and moderate or high anticoagulation (study A).  

 

Parameter     Vitamin K antagonism             Normal  

   none (n=5)  moderate (n=5)  high (n=5)           range 

INR 1.0 ± 0 .1  2.2 ± 0.3**  4.2 ± 0.5**†  0.8-1.2 

aPTT (s) 27 ± 2.1  35 ± 5.4*  48 ± 5.7**†  23-32 

PT (s)   12 ± 2   26 ± 3.8**  48 ± 6**† 10-13 

Prothrombin (%) 128 ± 15  43 ± 18**  19 ± 5**  100 

Factor X (%)  134 ± 10  30 ± 21**  10 ± 2**  100 

Antithrombin (%) 111 ± 5   102 ± 10  108 ± 10 100 

Fibrinogen (g/L)  2.8 ± 0.6  4.1 ± 1.0  4.4 ± 0.5* 1.7-4.0 

 

Data are means ±SD. *p<0.05 and **p<0.001 compared to no vitamin K, †p<0.01 compared to 

moderate vitamin K antagonism. 

 

from 30 consecutive patients undergoing elective cardiopulmonary bypass 

(CPB)surgery, who did not experience significant blood loss and did not need plasma 

transfusion. A first blood sample was taken at 30 minutes before start of the surgical 

procedure, and a second sample was taken at 30 minutes after surgery and 

administration of protamin. Twenty-four hours before surgery, patients had stopped  
 

Table 2: Characteristics of patients undergoing dilution during surgery of studies B and C. 

Patient characteristic    Study B   Study C 

Number of patients (n)    30    58 

Male/female (n)     27/3    29/29 

Age (years) 64 ± 11   62 ± 13 

Cardiovascular surgery (n)   301   21 

Abdominal surgery (n)  0  28 

Spinal back bone surgery (n)  0  9 

Fluid volume infused during surgery (ml) 1970 ± 425   >5000 

Fluid type infused    crystalloids, colloids  crystalloids, colloids, 

          red cell concentrates 

FFP transfused (mL)    0    810 ± 270 

Medication during surgery (heparin, IU)  242 ± 53   0 

Blood sample collected    1st: 30 min before CPB 1st: 30 min before FFP 

      2nd: 30 min after CPB2 2nd: 30 min after FFP 
1Cardiopulmonary bypass (CPB); 2blood taken after administration of 245 ± 80 mg protamin (plasma 

checked for absence of heparin traces). Data are means ± SD. 
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intake of aspirin (83 ± 30 mg/day). During the on-pump stage of the intervention, 

patients received heparin (242 ± 53 IU), which was antagonized after surgery by 

administering protamin (245 ± 80 mg). During the intervention, the patients were 

infused with 1970 ± 425 mL crystalloids (saline) and colloids (venofundin). Patient 

characteristics are given in Table 2. 

Study C. Effects of severe dilution were determined in remnant blood from 58 

consecutive patients undergoing major surgery of various forms, e.g. vascular, 

abdominal or spinal back bone surgery (Table 2). Patients were included who 

suffered from massive blood loss during or after surgery and therefore needed 

transfusion of fresh frozen plasma (FFP). These patients had massively been 

transfused with crystalloids, colloids and a minimum of 10 red cell concentrates (total 

fluid volume >5000 mL, corresponding to replacement of one blood volume). To stop 

bleeding, the patients had received on average 2.7 bags of FFP (870 ± 270 mL). 

Additional clinical criteria for transfusion of FFP: aPTT >40 s (37 patients), PT >16 

sec (17 patients), and fibrinogen level <2.0 g/L (41 patients), such in accordance with 

international guidelines [14] [15]. Blood samples were obtained at approximately 30 

minutes before and 30 minutes after FFP transfusion (Table 2). If bleeding persisted, 

the patients were at a later stage transfused with additional red cell concentrates, 

FFP and/or platelets, as required. For 4 patients, insufficient remnant plasma was 

obtained for complete measurement sets of fibrin clot formation. 

 

Plasma preparation 

Remnant blood was used, taken by venous puncture and anticoagulated with sodium 

citrate (1/10 volume, 12.9 mM f.c.). Platelet-poor-plasma was prepared by 

centrifuging twice at 2630 g for 10 minutes at room temperature. Plasma samples 

were snap-frozen at -80°C until use. 

 

Thrombin generation measurement 

Thrombin generation in patient plasma was continuously measured according to the 

calibrated automated thrombogram assay, with slight modifications [13, 16]. Citrate-

anticoagulated plasma (12.9 mM trisodium citrate) was supplemented with 

phospholipids (4 µM). Coagulation was triggered with 16.6 mM CaCl2 and an 

optimized concentration of 10 pM tissue factor [17]. Thrombin activity was 

continuously followed at 37°C from the cleavage of thrombin substrate, Z-GGR-AMC 
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(2.5 mM). Samples were run in triplicate, and a calibrator was used for each plasma 

to give calibrated curves of thrombin activity. First-derivative traces were converted to 

nanomolar concentrations of thrombin, as described [16]. Thrombin peak height and 

area-under-the-curve were used as most sensitive determining parameters 

describing the thrombin generation process [17, 18]. Intra-assay variation coefficient 

was 6%. Normal value of the thrombin peak height was 314 ± 24 nM (mean ± SD, 

n=40 healthy subjects). A cut-off level for normal thrombin generation was arbitrarily 

set at mean - 2.5 × SD, i.e. at 194 nM. 

 

Thromboelastography measurement 

Thromboelastography was performed using a TEG 5000 Thrombelastograph 

hemostasis analyzer (Haemoscope, Niles, IL, USA), measuring the torsion between a 

slowly rotating plastic cup and a stationary pin [19]. Samples of 340 µL citrate-

anticoagulated plasma were supplemented with phospholipids (4 µM), and 

coagulation was triggered with 10 pM tissue factor and CaCl2 (16.6 mM). Key 

evaluation parameters of thromboelastograms were the α-angle and the maximal 

amplitude, which inform on the rate of fibrin strand formation and the clot 

amount/strength, respectively [20]. Note that experiments were carried out in the 

absence of platelets. Maximal amplitude was taken as measure of total fibrin clot 

formation, sensitive to plasma dilution [17]. Normal value of the maximal amplitude 

measured in plasma from 40 healthy volunteers was 42 ± 5.7 mm (mean ± SD); the 

cut-off level for normal fibrin clot formation was arbitrarily set at 13.5 mm (mean - 2.5 

× SD). 

 

Statistics 

Peri-operative effects of fluid infusion and FFP transfusion were evaluated with the 

paired sample t-test. Factor contributions to thrombin generation and fibrin clot 

formation were evaluated by multivariate regression analysis. Correlations between 

parameters were determined using the χ2 test. Patient groups were compared with a 

one-way ANOVA test. The statistical package for the social sciences 15.0 (SPSS, 

Chicago, IL, USA) was used. 

 
 



	   124 

Results 
 

Effect of plasma dilution on thrombin generation and fibrin clot formation after 

treatment with vitamin K antagonist 

To determine how anticoagulant therapy affects thrombin generation and fibrin clot 

formation without dilution, plasma was used from healthy subjects and patients 

receiving a vitamin K antagonist (Table 1). In the patient plasmas, levels of vitamin K-

dependent coagulation factors were reduced to 30-43% (INR 2.2) and 10-19% (INR 

4.2) of normal. In both patient groups, plasma antithrombin levels were in the normal 

range, while fibrinogen levels were relatively high i.e. on average 4.1-4.4 g/L.  

 

 
Figure 1: Kinetics of thrombin generation and fibrin clot formation in plasma from healthy subjects and 

patients treated with vitamin K antagonist. Study A: plasma was used from 5 healthy volunteers (a ,b; 

INR 1.0); plasma was also obtained from patients treated with a vitamin K antagonist: 5 patients with 

moderate anticoagulation (c, d; INR 2.2) and 5 patients with high anticoagulation (e, f; INR 4.2). 

Plasma was used either undiluted (black curves) or diluted with 50% saline containing 12.9 mM citrate 

(grey curves). Plasma was incubated with phospholipids (4 µM), and activated with 10 pM tissue factor 

and 16.6 mM CaCl2. Shown are for each patient group representative curves of thrombin generation 

(a, c, e) and fibrin clot formation (b, d, f). 



	   125 

Coagulation activities were tested in these plasmas, either undiluted or after dilution 

in vitro with saline, by triggering with an optimal concentration of 10 pM tissue factor 

in the presence of 4 µM procoagulant phospholipids [17]. Curves of thrombin 

generation indicated that an increase in INR from 1.0 to 2.2 was accompanied by a 

strong reduction in thrombin peak height, changing from about 400 to 100 nM (Figure 

1, upper panels). In plasma from patients with high anticoagulation (INR 4.2), 

thrombin generation was more delayed and reduced giving a peak height of 50 nM. 

Fifty percent dilution of normal plasma with saline moderately reduced the thrombin 

peak height to 300 nM, but this was of little additive effect in patient plasmas (Figure 

2a). Regression analysis of thrombin generation parameters with plasma factor levels 

showed that the thrombin peak height strongly correlated with prothrombin (Figure 

2b) and factor X (R2=0.97, p<0.001). This supported the notion that both coagulation 

factors are key predictive variables of the thrombin-generating process [7, 21, 22]. In 

contrast, plasma fibrinogen levels did not correlate with thrombin generation 

parameters (p>0.20). 

Thromboelastography was used to measure time-dependent formation of fibrin 

clots in these plasma samples, applying the same optimal triggering conditions of 10 

pM tissue factor and 4 mM procoagulant phospholipids (Figure 1, lower panels). 

Overall, the lag time to start of fibrin clot formation was similar to that of thrombin 

generation, and corresponded with the PT values. Strikingly, the rate of fibrin 

formation (α-angle of curve) and the maximal extent of fibrin formation (maximal 

amplitude) were not diminished in plasmas with INR of 2.2 or 4.2, in spite of the 

marked reduction in thrombin generation. On the other hand, fibrin formation did 

substantially decrease upon 50% dilution with saline in both control and patient 

plasmas (Figure 2c). The fibrinogen level was a main predictive variable of maximal 

amplitude in undiluted or diluted plasmas (Figure 2d), but the levels of prothrombin 

and factor X failed to correlate with thromboelastography parameters (p>0.52). Taken 

together, we find that the reduction in coagulation factor levels due to intake of 

vitamin K antagonist is accompanied by impaired thrombin generation, but not by a 

corresponding reduction in fibrin clot formation. 
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Figure 2: Parameters of thrombin generation and fibrin clot formation in plasma from healthy subjects 

and patients treated with vitamin K antagonist. Plasma was used from healthy volunteers (INR 1.0) 

and patients with moderate (INR 2.2) or high (INR 4.2) anticoagulation (study A). Plasma was 

undiluted (black bars and symbols) or diluted 50% with saline (white bars and symbols), as in Figure 1. 

Thrombin generation was measured upon plasma triggering with tissue factor and CaCl2. Data give 

the averaged thrombin peak height (a), and correlation per sample with plasma prothrombin level (b). 

Fibrin clot formation was measured at the same activation conditions. It was quantified as maximal clot 

amplitude (c); further, correlation per sample with fibrinogen level (d). Dotted lines at y-axis represent 

values of normal pooled plasma (mean ± SD, n=5); *p<0.05, **p<0.01, ***p<0.001 compared to 

corresponding control group. 
 

 

Thrombin generation and fibrin clot formation in plasmas from patients with peri-

operative dilution during surgery 

Two studies were performed with plasmas from surgical patients, who were 

undergoing in vivo plasma dilution due to fluid infusion. Study B involved 30 patients 

subjected to CPB surgery (Table 2). None of these patients showed significant 

bleeding during or after the intervention so that FFP transfusion was not required. In 
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study C, plasmas were investigated from 58 patients subjected to major surgery of 

various forms. Because of the presence of major bleeding during or after surgery, 

these patients were transfused with FFP. In both studies B and C, the infusion of 

fluids during surgery resulted in a prolongation of routine clotting times and in a 

lowering of the plasma levels of (anti)coagulant factors. For study B, levels of 

prothrombin, factor X, factor XIII, fibrinogen and antithrombin were reduced to 53-

60% of normal. In patient plasmas of study C (before FFP transfusion), these levels 

were more strongly reduced to 38-41% of normal (Table 3). This was also concluded 

from the markedly lower level of immunoglobulin IgG, which was taken as an 

independent measure of plasma dilution. In this study, the transfusion of FFP 

resulted in a significant improvement of plasma coagulation factors and IgG. 

As a consequence of the CPB procedure (study B) – in which plasmas were 

diluted in vivo –, the curves of thrombin generation and fibrin clot formation were 

markedly lowered (Figure 3a). In comparison to the normal range of thrombin peak 

height of 314 ± 24 nM (mean ± SD, n=40) [7], this level was within or slightly below 

this range in plasmas from patients prior to surgery (Figure 4a). After CPB surgery,  
 

Table 3: Haemostatic parameters of patients in studies B and C. 

    Study B (n=30)   Study C (n=58) Normal 

Parameter  before CPB after CPB  before FFP after FFP  range 

Platelets (× 109/L) 235 ± 82 153 ± 57***  88 ± 43  89 ± 32  130-350 

Haematocrit  0.40 ± 0.04 0.27 ± 0.04***  0.26 ± 0.06 0.26 ± 0.05 0.36-0.52 

aPTT (s)  28 ± 2.1 33 ± 2.9***  62 ± 33  40 ± 12*** 23-32 

PT (s)   11 ± 0.4 14 ± 1.2***  16 ± 2.7 13 ± 1.6*** 10-13 

Prothrombin (%) 94 ± 16  59 ± 16***  38 ± 13  49 ± 14*** 100 

 

Factor X (%)  83 ± 13  53 ± 13***  40 ± 15  51 ± 15*** 100 

 

Factor XIII (%)  91 ± 16  60 ± 14***  41 ± 15  52 ± 15*** 100 

 

Antithrombin (%) 82 ± 16  53 ± 13***  38 ± 11  50 ± 13*** 100 

 

Fibrinogen (g/L)  3.5 ± 1.0 2.0 ± 0.5***  1.3 ± 0.7 1.7 ± 0.8*** 1.7-4.0 

IgG (g/L)  7.6 ± 1.8 5.2 ± 2.0***  3.8 ± 1.6 4.6 ± 1.6*** 7.0-16 

 

 

Means ± SD; **p<0.01, ***p<0.001 compared to first plasma sample. 
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the thrombin peak height dropped substantially from 284 ± 43 to 212 ± 67 nM 

(p<0.001). Arbitrarily, we set a cut-off value for low thrombin generation at a peak 

height of <194 nM (i.e. the normal mean - 2.5 × SD). Using this threshold, 8 out of 30 

patients had a low thrombin generation profile. Similarly, thromboelastogram curves 

showed a significant reducing effect of the CPB procedure on fibrin clot formation 

(Figure 3b).Overall, the maximal amplitude decreased from 32 ± 6.5 to 17 ± 8.3 mm 

(p<0.001). Again, we set a cut-off value for low fibrin clot formation at a maximal 

amplitude of <13.5 mm (i.e. normal mean - 2.5 × SD). In this case, plasmas from 8 

patients were low in clot formation after surgery (Figure 4b). 

In study C the effect of FFP transfusion could be investigated. In most 

patients, this transfusion increased thrombin generation as well as fibrin clot  

 

 
 
Figure 3: Kinetics of thrombin generation and fibrin clot formation in plasma from patients subjected to 

dilution during surgery. Study B: plasma was obtained from patients before and after CPB surgery (a, 

b). Study C: plasma was obtained from patients undergoing major general surgery before and after 

FFP transfusion (c, d). Plasma was supplemented with phospholipids (4 µmol/l) and used for 

measurement of thrombin generation and fibrin clot formation, following activation with tissue factor 

and CaCl2 (see Figure 1). Shown are curves of thrombin generation (a, c) and of fibrin clot formation 

(b, d) for a representative patient before (black curves) and after (grey curves) intervention or 

transfusion. Dotted lines at y-axis represent values with normal pooled plasma. 
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formation, as is illustrated in Figure 3c-d for a patient with stopped bleeding. Prior to 

transfusion, in the majority of patients the thrombin peak height and the maximal clot 

amplitude were below the cut-off values. Thus, plasmas from 41/54 patients were low 

in thrombin generation and plasmas from 41/54 patients had low fibrin clot formation 

curves (Figure 4c-d). In general, transfusion with FFP significantly increased the  

 
 

 
Figure 4: Parameters of thrombin generation and fibrin clot formation in plasma from patients 

subjected to dilution during surgery. Plasma was used from patients before and after CPB surgery 

(study B: a, b); or from patients undergoing major general surgery before and after FFP transfusion 

(study C: c, d). Measurements of thrombin generation and fibrin clot formation were as in Figure 3. 

Data are thrombin peak height before/after surgery or transfusion (a, c); further, maximal amplitude of 

clot formation before/after surgery or transfusion (b, d). White dots represent patients with bleeding 

before or after FFP transfusion; black dots represent patients without bleeding or with stopped 

bleeding. Dotted lines at y-axis give values with normal pooled plasma. Dotted continued lines give 

arbitrary cut-off values for normal thrombin or fibrin clot formation (mean – 2.5 × SD). ***p<0.001 

compared to pre-surgery or pre-transfusion. 
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thrombin peak height (from 159±44 to 196±53 nM, p<0.001) and the maximal 

amplitude of thromboelastography (from 10±7.4 to 14±7.7 mm, p<0.001). Yet, even 

after transfusion, the plasmas from 27 and 28 patients remained below the cut-off 

levels for normal thrombin generation and fibrin clot formation, respectively. After 

FFP transfusion, bleeding stopped in 30/58 patients and continued in the other 24  

 

 

 
Figure 5: Effect of dilution during surgery on thrombin generation and fibrin clot formation. Plasma was 

used from patients after CPB surgery (study B) and from patients undergoing major surgery before and 

after FFP transfusion (study C). Measurements of thrombin generation (TG) and fibrin clot formation 

(FCF) were as in Figure 3. (a) Plasma from patients under diluted condition, i.e. patients after CPB 

surgery (●) or patients with bleeding after general surgery before FFP transfusion (◊). (b) Plasma from 

patients after FFP transfusion with stopped bleeding (♦) or with persistent bleeding (◊). Graph plots: 

Correlation of thrombin peak height and maximal clot formation (maximal amplitude) for individual 

patients. Normal and cut-off levels of thrombin generation and fibrin clot formation are set as in Figure 

4. Cut-off for normal thrombin peak height was at 194 nmol/l; cut-off for normal clot formation was at 

maximal amplitude of 13.5 mm. Quadrants and pie-charts (clock-wise): numbers of patients 

(percentages) with normal TG and normal FCF (■); normal TG and low FCF (■); low TG and low FCF 

(□); low TG and normal FCF (■). 
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patients. It was relevant to compare the assay parameters in the plasmas from 

patients with stopped bleeding and the plasmas from patients with continued 

bleeding after transfusion. Typically, these were significantly higher in the group of 

patients with stopped bleeding in comparison to the bleeding group: thrombin peak 

height of 207 ± 51 vs. 179 ± 54 nM (p<0.05), and maximal clot amplitude of 16 ± 7 

vs. 12 ± 7 mm (p<0.01), respectively. 

By combining the results of studies B and C, analysis was possible of the 

relations between bleeding, thrombin generation and fibrin clot formation. Therefore, 

thrombin peak heights and maximal amplitudes of thromboelastography were 

compared in regression plots (Figure 5a). The patients of study B with no or minor 

bleeding were assigned as ‘non-bleeding’, while those of study C requiring FFP 

transfusion were indicated as ‘bleeding’. For all patients together, the parameters of 

both assays were related (R2 = 0.11, p = 0.002), but this was not the case for patients 

of only study B (R2 = 0.05, p = 0.22) or only study C (R2 = 0.010, p = 0.47). When 

using the preset cut-off values for low thrombin generation and fibrin clot formation, 

the majority of non-bleeding patients (60%) gave assay values which were both in 

the normal range, while this was the case for 7% of the bleeding patients. 

Conversely, plasmas from 13% of the non-bleeding patients, but 59% of the bleeding 

patients were low in both thrombin generation and fibrin clot formation (χ2 = 0.30, 

p<0.001). Overall, 26% (13 + 13%) of the non-bleeding and 34% (17 + 17%) of the 

bleeding patients scored low in one of the two assays. Regarding study C, a similar 

comparison was made for patients with stopped or persistent bleeding after FFP 

transfusion (Figure 5b). In this case, plasmas from 47% of the patients with stopped 

bleeding were normal in thrombin generation and fibrin clot formation, while this was 

the case for only 12.5% of the patients with persistent bleeding. Low values of 

thrombin peak height and maximal amplitude were present in 20% and 50% of the 

patients with stopped and persistent bleeding, respectively (χ2 = 0.10, p<0.05). Low 

values for one of the two assays were detected in 33% (20 +13%) and 37.5% (12.5 + 

25%) of patient plasmas. An indication for the relevance of this difference came from 

the observation that plasma levels of prothrombin, factor X, fibrinogen and IgG were 

significantly higher in the group with stopped bleeding than in the group with 

persistent bleeding (p<0.05). Based on the pre-set cut-off values, it was concluded 

that both thrombin generation and fibrin clot formation are low in 50-59% of the 

patients with bleeding, but in only 13-20% of cases without or with stopped bleeding. 
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This difference is illustrated in the pie-charts of Figure 5.  

 

Predictive variables of impaired thrombin generation and fibrin clot formation in 

dilution 

Plasma IgG may be a useful marker of in vivo dilution, which is independent of 

changes in coagulation. The IgG level indeed was higher in plasmas from the non-

bleeding patients of study B (5.2 ± 2.0 g/L) than from the bleeding patients of study C 

(3.8 ± 1.6 g/L) (Table 3). For both studies together, the IgG level correlated with the 

concentrations of fibrinogen, prothrombin and factor X (Figure 6a-c). In addition, IgG 

correlated with the factor concentrations in post-transfusion plasmas of study C 

(Figure 6d-f). The level of IgG was <4.5 g/L in most plasmas from patients with 

persistent bleeding, and it was not markedly higher in plasmas from non-bleeding 

patients (Figure 6, open and closed bullets). Correlation analysis showed significant, 

albeit weak correlations between IgG level and thrombin peak height (R2 = 0.27, 

p<0.001) or maximal amplitude (R2 = 0.15, p = 0.001). Together, these results 

suggested that plasma IgG is a covariant of coagulant activity, rather than an 

independent parameter of dilution.  

Using multiple regression analysis, we analyzed correlations of key variables 

of both tests for plasmas of studies B and C (Table 4). In thrombin generation curves, 

the endogenous thrombin potential (area-under-the-curve) correlated strongly with 

the thrombin peak height in all comparisons. Similarly, in curves of fibrin clot 

formation, the α-angle (rate of fibrin formation) co-varied with the maximal amplitude. 

Levels of factor X and IgG significantly contributed to the variation in thrombin 

generation, while only fibrinogen explained part of the variation in fibrin clot 

formation. Separate regression analysis of the data from one of the studies did not 

yield markedly different results. Only in study C, prothrombin (in pre-FFP samples) 

contributed to the variation in thrombin peak height, while factor XIII contributed to 

the variation in maximal thromboelastography amplitude. With respect to 

conventional clotting times, the prolonged aPTT surgery correlated with the 

thromboelastography assay (R2 = 0.25, p = 0.024). The aPTT of plasmas from 

patients with stopped bleeding (study C) correlated with thrombin peak height (R2 = 

0.15, p = 0.022). For all patients together (studies B and C), the aPTT correlated with 

the assays of thrombin generation and fibrin clotin plasma samples of study B after  
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Figure 6: Correlation of plasma IgG and factor levels. (a, b, c) Plasmas from patients with dilution 

during surgery. Factor levels were measured from patients after CPB surgery (study B, ●) and patients 

with bleeding after major surgery before FFP transfusion (study C, ◊). (d, e, f) Plasma from patients 

after FFP transfusion (study C). Dots represent patients with stopped bleeding (♦) and persistent 

bleeding (◊). Correlation of IgG level with fibrinogen (a, d), prothrombin (b, e) and factor X (c, f). 

 

formation (R2 = 0.21, p<0.001 and R2 = 0.14, p = 0.002, respectively); this was also 

the case for the PT (R2 = 0.12, p = 0.007 and R2 = 0.15, p = 0.001, respectively). 

However, it is noted that correlation coefficients were low, and clotting times were not 

different between patients with persistent bleeding or stopped bleeding. 

 

Discussion 
This paper shows the results of a comparative study to the effects of dilution on two 

key processes in coagulation, namely capacity of thrombin generation and the ability 
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of formation of fibrin clots. In study A, where the effect of in vitro dilution was 

determined of plasmas from patients treated with vitamin K antagonist, reduced 

plasma levels of coagulation factors (prothrombin, factor VII, IX, X) were 

accompanied by a lower thrombin generation, but not by a reduction in fibrin clot 

formation. The vitamin K antagonist prolonged the lag-times in both tests, such in 

agreement with the increased INR values. This effect has also been described in 

another study on the influence of coumarin therapy on thrombin generation [23]. The 

dilution of control and patient plasmas resulted in a decreased fibrin clot formation, 

independently of the INR value. Correspondingly, also other studies and case reports 

with patients undergoing fluid infusion have indicated that re-administration of 

fibrinogen in plasma can normalize fibrin clot formation in a way accompanied by 

 

 
Table 4: Predictive variables of thrombin generation and fibrin clot formation tests.  

Variable  Study B + C Study B Study C   

  (diluted) after CPB before FFP after FFP  

  (n=84) (n=30) (n=54) (n=54)  

 

Thrombin generation (R2) 0.32*** 0.10 0.44*** 0.46*** 

 fibrinogen (β) ns ns -0.33* ns 

 prothrombin (β) ns ns 0.68*** ns 

 factor X (β) 0.32* + ns 0.97*** 

 factor XIII (β) ns ns ns ns 

 antithrombin (β) ns ns ns -0.45* 

 IgG (β) 0.33* + ns ns 

 

Fibrin clot formation (R2) 0.60*** 0.41*** 0.74*** 0.88*** 

 fibrinogen (β) 0.78*** 0.64*** 0.58*** 0.66*** 

 factor X (β) ns ns ns 0.21*  

 factor XIII (β) ns ns 0.38** ns 

 antithrombin (β) ns ns ns ns 

 IgG (β) + + ns 0.26** 

 

For multiple regression analysis of all indicated parameters, associations are indicated as R2 values. 

For individual parameters, values are standardized β coefficients. ns, not significant, +p<0.1 

(borderline), *p<0.05, **p<0.01, ***p<0.001. 
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stop of bleeding [10, 17, 24]. Also supplementation of a fibrinogen concentrate was 

found to increase fibrin clot formation [17, 25, 26]. The results of studies B and C 

provide further mechanistic insight into the hemostatic changes in dilutional 

coagulopathy. In general, it appeared that peri-operative bleeding was accompanied 

with a low thrombin peak height (62.5-76%) or a low thromboelastography amplitude 

(75-76%). Both tests were low in 50-59% of cases with bleeding, but in only 13-20% 

of non-bleeding cases. As the tests measure thrombin generation and fibrin clot 

formation in an optimized integrative way (e.g. triggered by high tissue factor), this 

suggests that the capacity of either process rather than the onset of it (lag-time) is 

linked to bleeding. 

Using thromboelastography, also other authors have been able to detect 

hemostatic insufficiencies in whole blood from patients undergoing surgery or with 

trauma [4, 5]. Here, especially the so-called FIBTEM test was found to be indicative 

for bleeding tendencies. In the FIBTEM modification, elastic clots are formed without 

a contribution of platelets [27] and, hence, this test informs on the clotting system 

only, which is comparable to the present measurement. On the other hand, platelets 

do have an important role in haemostasis, and the use of capacity coagulation tests 

also incorporating the function of platelets will be of additive value. Earlier work has 

already shown that platelets can partly compensate for the effect of moderate dilution 

on coagulation activity [17]. An important result of studies B and C is that in individual 

patients the processes of thrombin generation and fibrin clot formation are 

independently reduced, and that either process can become rate-limiting separately 

from the other one. This refutes the suggestion from other authors that, in 

coagulopathy, fibrin clot formation may be merely a reflection of the thrombin 

generation process [2, 28]. In addition, our data indicate that, in diluted plasma, 

different coagulation factor levels control these processes, i.e. in particular factor X 

as a main determinant of thrombin generation, and fibrinogen as the key variable of 

fibrin clot formation.  

For diagnostic purposes, it will be important to have quick point-of-care 

versions of both assays. As long as such a thrombin generation test is not available, 

our results indicate that a control of the key coagulation factors, prothrombin, 

fibrinogen and factor X is important. On the other hand, whether levels of these 

factors indeed are a useful clinical trigger, needs to be confirmed. The present data 

show that the combined measurement of thrombin generation and fibrin clot 
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formation provides a better evaluation of the coagulopathic profile in patients with 

dilutional coagulopathy than either test alone. Using preset thresholds for normal 

values, we found that at least one of these processes was low in 88-93% of the 

patients with (persistent) bleeding, but in only 40-53% of the non-bleeding cases. We 

also studied whether IgG levels could be used as a coagulation-independent dilution 

marker. Interestingly, this measurement did not give much extra information, as the 

IgG level appeared to be highly correlated with levels of prothrombin, factor X and 

fibrinogen. 

There is a current debate on possible advantages of the use of coagulation 

factor concentrates in the management of peri-operative massive bleeding [25, 29-

31]. Our data suggest that such interventions may be effective, provided they are 

targeted at maintaining sufficient activities of thrombin generation as well as clot 

formation. However, randomized clinical trials are required for establishing the real 

efficacy of such interventions. In summary, we conclude that, in acquired dilutional 

coagulopathy, the processes of thrombin generation and fibrin clot formation can be 

affected independently, and that sufficient activities of both are needed to prevent or 

stop bleeding. Both tests provide capacity-type of information and, jointly, they may 

be better predictors of individual increased bleeding risk than currently used routine 

coagulation times. 
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Abstract 
Background: Treatment of dilutional coagulopathy by transfusing fresh frozen 

plasma (FFP) remains sub-optimal. We hypothesized that partial replacement of 

transfused FFP by fibrinogen concentrate results in improved coagulant activity and 

haemostasis. This was tested in a controlled clinical intervention trial with patients 

experiencing massive bleeding during major surgery. 

Methods: Patients undergoing major elective surgery were treated according to 

current protocols. When transfusion with FFP was required, patients were 

randomized as follows: group A received 4 units FFP; group B received 2 units FFP 

plus 2 g fibrinogen concentrate. Blood samples were taken before and after the 

intervention. Analysts were blinded to the treatment type. 

Results: Group A (B) consisted of 21 (22) patients, in 16 (17) of whom bleeding 

stopped after intervention. Plasma fibrinogen increased significantly more in group B 

(0.57 g/L) than in group A (0.05 g/L). However, levels of prothrombin, factors VIII, IX 

and X increased more in group A than in group B. Rotational thrombelastometry 

(ROTEM) of whole blood and plasma revealed improved fibrin clot formation in group 

B but not in group A. Thrombin generation (Calibrated Automated Thrombogram-

CAT) in plasma increased more in group A. Principal parameters determining whole-

blood thrombelastometry were the fibrinogen level and platelet count. In vitro addition 

of fibrinogen and prothrombin complex concentrate to pre-intervention samples 

restored both ROTEM and CAT parameters. 

Conclusions: Partial replacement of transfused FFP by fibrinogen increases fibrin 

clot formation at the expense of less improved thrombin generation. Coagulation 

factors other than fibrinogen alone are required for full restoration of haemostasis. 
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Introduction 
In major elective surgery and trauma, successful treatment of massive haemorrhage 

remains a challenge, as bleeding is still the main cause of morbidity and mortality in 

these situations [1, 2]. Patients undergoing major surgery develop haemodilution, as 

a consequence of abundant infusion of fluids for volume resuscitation and transfusion 

of blood components. The result often is diminished coagulation, which further 

aggravates the bleeding risk. Transfusion of blood components may also lead to 

other complications, such as acute respiratory distress syndrome, transfusion-related 

lung injury, transfusion-associated circulatory overload and infections [3, 4]. Recent 

association studies provide indications that the use of multiple blood components 

reduces long-term survival after cardiac surgery [5, 6]. Accordingly, alternatives for 

blood component transfusion, for example the use of factor concentrates, are 

extensively being studied. 

 Current guidelines for major surgery recommend transfusion therapy with 

crystalloids, colloids, packed red cells and fresh frozen plasma (FFP) to prevent 

shock and restore the coagulation processes [7, 8]. Colloids yet affect haemostasis 

by disturbing fibrinogen polymerization [9, 10], while also the clinical efficacy of FFP 

in preventing peri-operative bleeding is debated [11, 12]. An interesting alternative to 

FFP is transfusion with fibrinogen concentrate, especially since fibrinogen is the first 

coagulation factor falling below a critically low level upon dilution [13]. Fibrinogen 

concentrates have appeared to be haemostatically active in both retrospective 

clinical studies and animal models [14-17]. In this regard, whole-blood rotational 

thrombelastometry is used as a valuable point-of-care method, monitoring improved 

fibrin clot formation upon elevation of plasma fibrinogen levels [13, 18]. However, the 

precise indications for fibrinogen transfusion and the limitations of this intervention 

are still debated [19, 20]. Recently, we reported that the processes of thrombin 

generation and fibrin clot formation are independently reduced during dilutional 

coagulopathy [9, 21]. The implication is that full replacement of transfused FFP by 

fibrinogen concentrate may not result in haemostasis, as levels of other coagulation 

factors than fibrinogen remain too low for a critical rate of thrombin generation. 

In this paper we present a first prospective randomized intervention study aimed to 

compare the effect of partial replacement of FFP by fibrinogen concentrate on fibrin 

clot formation, as measured by whole blood thrombelastometry, and thrombin 

generation in patients with massive bleeding undergoing major elective surgery. 
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Materials and Methods 
Study setup 

The study was designed as a single-centre, prospective, randomized, blinded 

intervention trial, and was approved by the medical ethical board of the Maastricht 

University Medical Centre+ (trial registration NL23565.068.08). Patients selected as 

eligible prior to surgery, gave written informed consent to participate. Selection 

criteria were the type of operation (cardiovascular surgery, major abdominal surgery 

or orthopedic surgery) and the expected duration of operation (>120 min). Exclusion 

criteria were age (<18 years), active HIV infection, known coagulation abnormalities, 

deep hypothermia with circulatory arrest, or preoperative need of transfusion. 

 Haemostatic therapy to stop bleeding was started, based on clinical decision. 

Massive bleeding was defined as prolonged blood loss of >150 mL/h or >1.5 

mL/kg/20 min, or acute blood loss of >700 mL at once [7, 19, 20]. Patients with 

massive bleeding during or after surgery were randomized to group A or B in the 

transfusion laboratory, using a closed envelope method. Products were prepared and 

sent to the operation theatre, where the attending anaesthesiologist managed the 

transfusion. Patients of group A were transfused with 4 units FFP, those of group B 

with 2 units FFP plus 2 g fibrinogen (Haemocomplettan P 20 g/L, CSL Behring, 

Marburg, Germany). 

 Blood samples were taken directly before (baseline) and immediately after 

completion of the transfusion products. Heparin (150-300 mg/kg) was given to 12 out 

of 13 (group A) and 13 out of 14 patients (group B), who required cardiovascular 

surgery with extracorporeal circulation. Before taking the second blood sample, the 

heparin was antagonized with protamine in a ratio of 1:1, verified by the activated 

clotting time (ACT). Extra protamine was given, if the baseline ACT was not reached. 

In few (5) plasma samples with traces of active heparin, that is, in patients with prior 

heparin medication, functional measurements were performed in the presence of 10 

U/mL polybrene (Janssen, Beerse, Belgium). 

 Criteria for stopped bleeding after transfusion were as follows: no visual blood 

loss or clotting, no monitored circulatory instability, and/or no major decrease in 

haematocrit. When haemostasis remained insufficient, therapy was continued 

according to standard treatment protocols. Demographic data, type of surgery, 

duration of the operation, peri-operative fluid management, temperature and peri-

operative morbidity of the patients were all documented. 
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Plasma preparation 

Blood was drawn into sodium citrate (1/10 volume, 10.9 mM f.c.). Haematological 

parameters were determined as described [21]. Platelet-free-plasma (PFP) was 

prepared by centrifuging blood samples twice at 2630 g for 10 min at room 

temperature. Collected plasma was aliquoted and snap-frozen at -80°C until use. To 

prepare washed platelets, blood from a healthy donor was collected into acetate-

citrate dextrose and subjected to a centrifugation procedure [21]. 

 

Plasma supplementation with factor concentrates 

To study effects on thrombelastometry and thrombin generation, pre-intervention 

plasma samples were supplemented with fibrinogen concentrate and prothrombin 

complex concentrate. The concentrates were added at amounts corresponding to an 

expected increase in fibrinogen and prothrombin level reached by transfusion of 4 

units FFP. Using a published algorithm [9], this required the addition of 0.8 g/L 

fibrinogen concentrate (Haemocomplettan P) and/or 0.22 U/mL prothrombin complex 

concentrate (Beriplex, CSL-Behring). After reconstitution, the plasmas were 

incubated at 37°C for 10 min. 

 

Coagulation times and factor measurements 

Prothrombin time (PT) was measured by triggering plasma with tissue factor (Innovin, 

Dade Behring, Marburg, Germany). The activated partial thromboplastin time (aPTT) 

was measured with the actin-FSL kit (Dade Behring). Fibrinogen was determined with 

a functional assay [22]. Plasma prothrombin and factors VIII, IX and X were 

determined with one-stage clotting assays using the Behring coagulation system 

(Dade Behring). Antithrombin was measured with a chromogenic assay in the same 

system. Plasma heparin was assessed as anti-factor Xa activity using the Coamatic 

heparin test (Chromogenics, Mölndal, Sweden). 

 

Rotational thrombelastometry was performed with whole blood and plasma using a 

ROTEM thromboelastometer (TEM International, Munich, Germany). Freshly 

obtained, citrate-anticoagulated whole blood (300 µL) was activated with an optimal 

concentration of 10 pM tissue factor and CaCl2. Because of late availability of the 

equipment, ROTEM analysis was not performed with whole blood samples from the 

first patients entering the study. For thrombelastometry experiments with plasma, 
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snap-frozen PFP was thawed, and 300 µL aliquots were supplemented with donor 

platelets (100×109/L) or 4 mM phospholipids (phosphatidyl serine, phosphatidyl 

choline and phosphatidyl ethanolamine, 1:3:1; mol:mol, Avanti, Alabaster AL, USA). 

Activation was with 10 pM tissue factor and CaCl2 [17]. Evaluation parameters of the 

curves were the clotting time (CT), clot formation time (CFT), maximal clot formation 

(MCF) and maximal rate of clot formation (α-angle). The two latter inform on the 

maximal elastic clot strength and the rate of fibrin strand formation, respectively [26]. 

Normal value of the MCF of PFP with phospholipids was 42 ± 5.7 mm (TEG, mean ± 

SD, n=40); the preset cut-off level of normal fibrin clot formation was 13.5 mm [9]. 

 

Thrombin generation measurement 

Thrombin generation was measured using the calibrated automated thrombogram 

method (CAT; Thrombinoscope, Maastricht, the Netherlands), with slight 

modifications [17, 21]. Citrate-anticoagulated PFP was supplemented with donor 

platelets (100×109/L) or phospholipids (4 µM), and activated with 10 pM tissue factor 

plus CaCl2. Thrombin activity at 37°C was determined from the cleavage of thrombin 

substrate, Z-Gly-Gly-Arg aminomethyl coumarin (Z-GGR-AMC, Bachem, Bubendorf, 

Switzerland). Samples were run in triplicate. Evaluated curve parameters were the 

thrombin peak height and endogenous thrombin potential (ETP, area-under-the-

curve) [27]. The intra-assay variation coefficient was 6%. Normal value of the 

thrombin peak height in PFP with phospholipids was 314 ± 24 nM (mean ± SD, 

n=40); the cut-off level for normal thrombin generation was 194 nM [9]. 

  

Statistical analysis 

Data are expressed as means ± SD. Data from study groups were compared by 

ANOVA. Treatment effects on assay parameters (normally distributed) were 

assessed with a paired t-test (2-tailed) and Pearson correlation analysis. The 

statistical package for the social sciences was used (SPSS, version 15.0). 

 

Results 
During the study period of 17 months, 307 eligible patients gave informed consent 

prior to surgery. During surgery, 255 did not meet the predefined criteria for massive 

bleeding. Of the remaining 52 patients with bleeding, 9 patients required transfusion 

of only 2 units FFP and hence were not included (Fig. 1S). The remaining 43 patients  
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Figure 1S: Patient inclusion and randomization   

 

with massive bleeding entered the study protocol, and received either 4 units FFP 

(group A) or 2 units FFP plus 2 g fibrinogen (group B). 

Group A consisted of 21 patients (15 men/six women) with mean age of 65.2 

years; group B contained 22 patients (16 men/six women) with mean age of 65.6 

years (Table 1). In either group, the majority of patients underwent cardiovascular 

surgery (13 and 14, respectively), while the other patients had abdominal (7 and 6) or 

spinal column surgery (1 and 2). Patients of groups A and B did not differ with 

respect to the length of operation. The volume of infused colloids (HES 6% 130/04) 

was similar for both groups. Also the total fluid volume transfused prior to intervention 

was similar: 8.51 ± 2.64 L for group A and 8.72 ± 4.13 L for group B (mean ± SD). 

After intervention, haemostasis was sufficient in 16 patients of group A and 17 

of group B (p=0.93). In the remaining patients with continued bleeding, five per 

group, prohaemostatic treatment was continued according to the standard hospital 

protocol. One patient with bleeding in either group showed pleural effusion, 3 patients 

of group A had wound infections (one associated with deep vein thrombosis), while in 

group B, one patient had wound infections, two had septic complications (one 

pneumonia treatment), and one abdominal ischemia needing surgical revision. 

 Regarding haematological parameters, haemoglobin and platelet count were 

similar in both groups, without significant changes after intervention (Table 2). 
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Table 1: Patient and surgery characteristics of groups A and B. 
 Group A Group B 

Male/female (n) 15/6 16/6 

Age (years) 65.2 (9.8) 65.6 (10.7) 

Surgery type: (n)   

   cardiovascular 13* 14* 

   abdominal 7 6 

   spinal column 1 2 

Surgery duration (min) 374 (126) 355 (96) 

Temperature pre-intervention (°C) 35.9 (1.2) 35.8 (1.1) 

Transfusion before intervention:   

   packed red cells (units) 6.33 (2.80) 5.86 (3.54) 

   colloid HES 130/0.4 (L) 1.89 (0.89) 2.00 (0.87) 

   total fluid volume (L) 8.51 (2.64) 8.72 (4.13) 

Total fluids transfused prior to intervention comprise colloids, crystalloids and priming and cell saver 

fluids. Data are means (SD). *12/13 patients (group A) and 14/14 patients (group B) received 3 g 

tranexamic acid. 

 
Table 2: Hematological and coagulation parameters of patients pre- and post-intervention. 

 Group A (n=21) Group B (n=22) 

 pre post Δ pre post Δ 

Hb (mM) 5.3 (1.3) 5.2 (1.3) -0.09 5.5 (1.3) 5.5 (1.7) +0.01 

Ht (%) 0.26 (0.06) 0.24 (0.06) -0.02 0.26 (0.06) 0.27 (0.06) +0.01 

Platelets (109/L) 108 (56) 97 (43) -12 83 (42) 82 (47) -1 

aPTT (s) 96 (68) 45 (19) -49 * 93 (48) 70 (40) -24 *# 

PT (s) 23 (30) 13 (2) -9.5 25 (30) 15 (2) -10 

Fibrinogen (g/L) 1.59 (0.97) 1.64 (0.66) +0.06 1.22 (0.58) 1.79 (0.61) +0.57 *## 

Prothrombin (%) 36.8 (16.8) 52.1 (18.2) +15.3 * 31.4 (13.5) 36.6 (13.4) +5.2 *# 

Factor VIII (%) 61.4 (40.3) 85.3 (33.9) +23.9 * 75.9 (39.5) 80.2 (43.3) +4.3# 

Factor IX (%) 50.1 (27.5) 67.4 (26.4) +17.3 * 52.3 (30.4) 57.8 (27.4) +5.8 

Factor X (%) 35.2 (15.7) 50.3 (17.9) +15.0 ** 32.5 (14.4) 37.8 (13.8) 5.3 *## 

Antithrombin (%) 41.8 (13.9) 55.0 (16.8) +13.1 * 38.9 (12.7) 42.9 (13.7) 4.0 *# 

Data are means (SD); mean differences due to intervention are indicated Δ. *p<0.05 vs. pre-

intervention, #p<0.05, ##p<0.01 vs. group A. 
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Plasmas from both groups showed a prolongation of the aPTT, but not the PT. 

After intervention, the aPTT significantly shortened more in group A than in group B 

(p=0.043), while fibrinogen levels increased only in group B. Plasma levels of 

prothrombin, factors VIII, IX and X and antithrombin increased more in group A than 

in group B (Table 2). 

 
Table 3: Thrombelastometry (ROTEM) parameters. 

 Group A (n=21) Group B (n=22) 

 pre post Δ pre post Δ 

ROTEM (whole blood)$      

CT (s) 262 (287) 176 (83) -86 431 (448) 233 (158) -198 ** 

CFT (s) 535 (641) 258 (289) -277 609 (375) 372 (293) -237 * 

MCF (mm) 40.0 (13.6) 43.4 (11.1) +3.4 32.2 (12.4) 39.9 (14.7) +7.7 **# 

Alpha (°) 48.3 (20.2) 56.0 (13.5) +7.7 * 34.8 (15.6) 46.7 (17.6) +11.9 ** 

ROTEM (PRP)       

CT (s) 138 (59) 107 (17) -31 * 173 (122) 145 (101) -28 ** 

CFT (s) 131 (82) 89 (30) -42 ** 145 (102) 110 (62) -36 * 

MCF (mm) 57.1 (12.2) 60.4 (6.1) +3.3 54.4 (10.6) 59.7 (6.7) +5.3 ** 

Alpha (°) 67.0 (10.3) 72.5 (5.7) +5.5 * 66.8 (11.9) 71.3 (7.3) +4.5 * 

ROTEM (PFP)       

CT (s) 232 (212) 116 (50) -117 * 216 (245) 141 (152) -75 ** 

MCF (mm) 12.6 (8.3) 13.6 (7.7) +1.0 9.6 (6.0) 14.9 (6.2) +5.3 **# 

Alpha (°) 29.3 (30.7) 44.8 (29.8) +15.5 22.0 (25.7) 51.7 (27.7) +29.7 ** 

ROTEM was performed with whole blood, reconstituted PRP or PFP plus phospholipids in samples 

collected pre- and post-intervention. Data are means (SD). Mean differences due to intervention are 

indicated by Δ. In all assays, coagulation was triggered with tissue factor. Analyzed curve parameters 

were clotting time (CT), clot formation time (CFT), maximal clot firmness (MCF) and α-angle (alpha). 
$N=16, *p<0.05, **p<0.01 vs. pre-intervention, #p<0.05 vs. group A. 

  

Samples of 32 patients were used for whole-blood thrombelastometry 

(ROTEM). Fibrin clot formation curves for group B, but not for group A, showed an 

improvement after intervention of all parameters, including the MCF and α-angle 

(Table 3). The intervention effect on MCF was significantly higher in group B (Fig. 

1A). Thrombelastometry (ROTEM) was then performed with plasma samples from all 

patients in the presence of donor platelets (reconstituted platelet rich plasma - PRP) 

or PFP plus phospholipid vesicles. The same trends were observed for 
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thrombelastometry curves with either platelets or phospholipid vesicles present 

(Table 3). The intervention effect on MCF once more was higher in group B (Fig. 1B, 

C), which corresponded to the more increased fibrinogen level in group B plasmas 

(Fig. 1D). Thrombin generation was measured with the CAT assay, again using 

reconstituted PRP or PFP with phospholipid vesicles and triggering by 10 pM tissue 

factor. Of the two key curve parameters, that is, thrombin peak height and 

endogenous thrombin potential (ETP), the former was most sensitive to the 

interventions (Table 4). 

The thrombin peak height after intervention increased more in group A than in 

group B (Fig. 1E, F). In comparison to previously established cut-off values for 

normal thromboelastography and thrombin generation in PFP [9], at least one of 

these values was sub-threshold in 15/21 (71%) and 20/22 (91%) of pre-intervention 

plasmas from groups A and B, respectively. 

 
Figure 1: Intervention effects on various coagulation parameters in groups A and B. Indicated are per 

patient group data measured in pre- and post-intervention samples of: MCF of ROTEM in whole-blood 

(A); MCF in reconstituted PRP (B); MCF in PFP with phospholipids (C); fibrinogen level (D); thrombin 

peak height of CAT in reconstituted PRP (E) and PFP with phospholipids (F). Significance is shown of 

difference of treatment effect (Δ) between groups. For mean values, see Tables 3 and 4. 
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Table 4: Thrombin generation assay (CAT) parameters. 
 Group A (n=21) Group B (n=22) 

 pre post Δ pre post Δ 

CAT (PRP)       

   Peak height (nM) 118 (46) 137 (38) +18 * 99 (35) 111 (40) +12 

   ETP (nM×min) 1134 (414) 1193 (358) +59 1030 (323) 1022 (262) -8 

CAT (PFP)       

   Peak height (nM) 142 (92) 200 (63) +58 * 117 (71) 131 (63) +14 ## 

   ETP (nM×min) 993 (431) 1114 (352) +121 * 899 (322) 886 (243) -13 

CAT was performed with reconstituted PRP or PFP plus phospholipids in samples collected pre- and 

post-intervention. Coagulation was triggered with tissue factor. Data are means (SD). Mean 

differences due to intervention are indicated by Δ. Curve parameters analyzed were thrombin peak 

height and endogenous thrombin potential (ETP). *p<0.05 vs. pre-intervention, ##p<0.01 vs. group A. 

 

 Regression analysis of the data from both groups combined pointed to 

significant correlations between whole-blood MCF values, on the one hand, and 

platelet count, fibrinogen level and prothrombin level on the other hand (Fig. 2A-C). 

The MCF of whole blood also correlated with the plasma MCF (Fig. 2D), which in turn 

correlated with the fibrinogen level (Fig. 2E). Thrombin peak height in CAT assays 

furthermore correlated with prothrombin (Fig. 2F). In all correlation plots, results from 

groups A and B were equally distributed. 
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Figure 2: Correlation of thrombelastometry and thrombin generation with various parameters before 

and after intervention. Regression analysis of whole-blood MCF (ROTEM) versus platelet count (A), 

fibrinogen level (B), prothrombin level (C), and MCF in plasma (D). Regression analysis of MCF in 

plasma (ROTEM) with fibrinogen level (E), and of thrombin peak height (CAT) with prothrombin level 

(F). Data from group A are indicated by bullets, those from group B by triangles (closed = pre-

intervention, open = post-intervention). 
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More detailed multiple regression analysis indicated that the correlations between 

whole-blood MCF and platelet count or fibrinogen level remained significant 

(p<0.001), when the prothrombin level was taken as control variable (i.e. as 

surrogate marker of plasma dilution). However, the correlation between whole-blood 

MCF and prothrombin level disappeared (p=0.77) after normalization for platelet 

count and fibrinogen level. The MCF in plasma samples correlated with thrombin 

peak height in the presence (p=0.009) or absence (p=0.027) of platelets. Thrombin 

peak height furthermore correlated with most coagulation factors. Together, this 

indicated that key determinants of whole-blood thromboelastometry, measuring fibrin 

clot formation, are the platelet count and fibrinogen level. 

 Knowing that in dilutional coagulopathy the low levels of fibrinogen and other 

coagulation factors result in sub-normal thromboelastometry and thrombin generation 

[17], we investigated the effect of in vitro supplementation of fibrinogen and 

prothrombin complex concentrate to pre-intervention patient plasmas. Samples were 

incubated with both factor concentrates, at amounts corresponding to the expected 

increase in fibrinogen and prothrombin after transfusion of 4 units FFP, that is, 0.8 

g/L fibrinogen concentrate and 0.22 U/mL prothrombin complex concentrate [9]. 

Because of the limited amounts of plasma presence, in vitro addition was only 

performed with both concentrates together. For thromboelastometry assays in PFP, 

addition of factor concentrates markedly improved the MCF and α-angle (Fig. 3A, B). 

This corresponded to the intervention effect in groups A and B. In the already high 

thromboelastometry curves with reconstituted PRP, no extra effect of factor 

concentrate addition was seen. On the other hand, in CAT curves with PFP or 

reconstituted PRP, factor concentrate addition resulted in increased values of both 

thrombin peak height and ETP (Fig. 3C, D), thus resembling the intervention effect on 

thrombin generation in group A only. 
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Figure 3: Effects of addition of factor concentrates (FC) on thrombelastometry and thrombin 

generation. Pre-intervention plasma samples were reconstituted with 0.8 g/L fibrinogen concentrate 

and/or 0.22 U/mL prothrombin complex concentrate. Thromboelastometry (ROTEM) and thrombin 

generation (CAT) were measured in reconstituted PRP or PFP with phospholipid vesicles, after 

triggering with 10 pM tissue factor. Means ± SEM (n= 20-21), *p<0.05. 
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Discussion 
This study describes a first prospective, randomized clinical trial, comparing the 

prohaemostatic effects of partial replacement of FFP transfusion by fibrinogen 

concentrate in a total of 43 patients with massive haemorrhage. In the patients of 

group A, receiving 4 units FFP, levels of coagulation factors (with the exception of 

fibrinogen) were more increased than in group B, which translated to a more 

improved thrombin generation profile. Conversely, in the patients of group B, who 

received 2 units FFP plus 2 g fibrinogen, plasma fibrinogen was more increased, 

which translated into higher thromboelastometry curves. Hence, by partial 

replacement of FFP by fibrinogen, the improved capacity of fibrin clot formation was 

accompanied by a reduced normalization of thrombin generation. In group A 16 out 

of 21 and in group B 17 out of 22 stopped bleeding, while in either treatment arm 5 

patients continued to bleed. Limitations of the study were the relatively small sample 

size with patients undergoing various types of surgery, and the fact that inclusion was 

based on clinical decision with the attending anaesthesiologist not blinded to the 

study intervention. 

 The CAT assay effectively detected a better improvement in coagulant activity, 

if tested in the absence of platelets, after intervention with 4 units FFP in comparison 

to 2 units FFP plus 2 g fibrinogen. Comparison of the curve parameters indicated that 

the thrombin peak height was a more sensitive marker than the ETP. The likely 

reason for this is that the ETP (area-under-the-curve) is substantially influenced by 

the calculated level of curve ending, i.e. the calculated α2M-macroglobulin correction 

[28]. Under conditions of hemodilution, this correction may need to be made in a non-

standard way. The thrombin peak height, though, correlated well with the plasma 

levels of prothrombin and other coagulation factors. 

 On the other hand, transfusion of 2 g fibrinogen plus 2 units FFP resulted in a 

more active fibrin clot formation, as determined by thrombelastometry (ROTEM) in 

whole blood and plasma. In agreement with this, we found that, next to the platelet 

count, the fibrinogen level is the main determining variable of whole-blood 

thrombelastometry, which has also been observed by others [13]. In our study, 

transfusion with only FFP was less effective in increasing plasma fibrinogen than co-

transfusion of fibrinogen concentrate. While these data are in agreement with recent 

surveys [11, 12], they also give support to the proposal of using a high ratio of FFP to 

red cells in treatment of massive hemorrhage [29, 30]. 
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 We chose to administer a low dose of 2 g fibrinogen to minimize possible risks 

for thrombosis. This choice was supported by retrospective investigations, indicating 

that a single dose of 2 g fibrinogen supplemental to FFP and platelets was effective 

in resolving hemorrhage [31]. In some clinical centers, fibrinogen is infused at higher 

amounts up to 14 g to reach plasma concentrations above 1.5-2 g/L [32]. Also in 

porcine models, higher doses of fibrinogen and prothrombin complex concentrate 

have been employed to arrest surgical bleeding [33, 34]. Although the two 

intervention regimes stopped bleeding in the majority of the patients, hemostasis was 

insufficient in 5 patients of each group. Sub-analysis of the coagulation profile in the 

patients with persistent bleeding indicated on average low levels of fibrinogen (A: 

bleeding and non-bleeding, 1.3 ± 0.4 and 1.7 ± 0.4; B: bleeding and non-bleeding, 

1.5 ± 0.6 and 1.8 ± 0.6 g/L; mean ± SD) and of prothrombin (A: 43 ± 10 and 55 

±19%; B: 33 ±12 and 36 ± 14%, respectively). Furthermore, the majority of patients 

with persistent bleeding were low in the previously determined [9] threshold values of 

normal thrombin peak height (A: 5/5, B: 5/5 patients) and of normal MCF of fibrin clot 

formation (A: 4/5, B: 3/5 patients). Hence, we inferred that insufficient coagulant 

activity due to low levels of fibrinogen as well as other coagulation factors was a main 

cause of persistent bleeding. Hence, the present findings are in support of the earlier 

conclusion that combined testing of thrombelastometry and thrombin generation can 

better predict peri-operative bleeding in major surgery than either assay alone [9]. 

 In conclusion, this trial showed a similar effect of 2 g fibrinogen additive to 2 

units FFP compared with transfusion of 4 units FFP on hemostasis. The transfused 

fibrinogen had an important contribution to fibrin clot formation in thrombelastometry 

analysis, while the transfused 4 units FFP more increased thrombin generation and 

fibrinogen levels remained lower. We hence postulate that transfused FFP and 

fibrinogen are both relevant for early hemostasis and that both should be combined 

in massive hemorrhage protocols. These results argue for a larger-scale follow-up 

study, where the effects are determined of supplementing fibrinogen concentrate 

together with a standard dose of FFP. Herein, a prohemostatic effect of fibrinogen is 

expected on top of the effect of normalization of other coagulation factors. 
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The overall aim of this thesis is to come to a better performance of the circle of 

quality improvement in bleeding management (Figure 1).  

A general aspect is the increasingly importance of quality management in the 

evolving health care environment, especially given the advanced age, the co-

morbidities of the many of the patients and the higher complexity of surgery leading 

to massive hemorrhage, which has a huge impact on costs in healthcare. In contrast, 

the increase in resources is not holding pace with the increase in costs. One of the 

solutions for managing quality and costs is to standardize procedures in health care.  

Acute, massive hemorrhage contributes to mortality and morbidity in trauma, cardiac 

surgery, general surgery and obstetrical emergencies. About 40% of trauma related 

deaths are associated with hemorrhage [1]. On the other hand 40 to 90% of the 

cardiac surgical patients receive blood, which is about 10-15% of all annual 

transfused blood-products in elective surgery [2-4]. In the obstetric population about 

12-25 % of all maternal deaths are associated with excessive blood loss [5, 6]. In 

contrast up to 68% postpartal transfusions are not guideline-conform and maybe 

even inappropriate, which means these women frequently are over-transfused [7]. As 

transfusion of blood products per se is related with unwanted reactions and worse 

outcome in general, one way to improve treatment strategies is to search for 

alternatives and reduce transfusion requirements [8-11]. Finally, bleeding followed by 

transfusion of blood products contributes to a substantial amount of hospital costs. 

Reduction of costs can be accomplished by a continuous circle of improvement in the 

management of hemorrhage [12, 13].  

 In various parts of this thesis, it is emphasized that the quality improvement of 

treatment particularly relies on the close collaboration between caregivers at the 

bedside and other professionals in the hospital laboratory. As indicated in chapter 1, 

new, promising laboratory tests have been developed that are or may be used in a 

point-of-care setting with whole blood without the need to prepare plasma samples. 

How these laboratory tests can be used in most effective and discriminative ways for 

optimal patient care has been studied in the ensuing chapters 2-6. Below, the major 

findings of these studies are discussed with the case of a ‘typical’ patient as a 

framework. 
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Figure 1: Circle of improvement applied to the management of hemorrhage. As hemorrhage is guided 

by laboratory tests therapy might become optimized, which leads to better therapy. 

 

Pain! Terrible pain runs through his body peaking in his right leg. He shivers and thinks: "What 

happened? Why is it so wet?"  “Hi, mister, my name is Paul. Can you hear me?” It was Paul’s first 

morning on the ambulance. “You fell with your bike and must have laid about an hour on the side-strip. 

Can you hear me?” Oh yes, he can, but this pain! He is freezing, although it seems to be warm and 

bright around him. “Yes”, he murmurs,”My name is Dekker. I must have slipped on the wet leaves.“ He 

feels sleepy. “Your right leg is broken. We will bring you to the emergency room in a nearby local 

hospital.” Paul thinks about his course on trauma care and checks all points. Yes, his patient looses 

consciousness, is cold and has marginally blood pressure with a high irregular, heart rate. Shock! 

These are the first signs of shock he remembers. He has to avoid the lethal triad of trauma: 

undercooling, hemodilution and acidosis.  

 
The combination of hemodilution, acidosis and hypothermia is commonly known as 

the lethal triad of trauma [14]. Hemodilution is present in 10-50% of all trauma 

patients and depends on international differences between fluid management in 

treatment of massive hemorrhage [15, 16]. When patients are infused with larger 

amounts of fluids hemorrhage becomes enhanced and mortality increases [17]. In 

vitro, a sample dilution of 30-40% affects coagulation negatively by lowering the 

results of viscoelastic measurements [18, 19]. In chapter 6a, we showed in patients 

suffering from perioperative hemorrhage that impairment of hemostasis may be seen 

in thrombin generation (measured with the CAT assay), in fibrin clot formation 
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(measured by thromboelastography) or in both processes. This could be explained 

by sub-threshold levels of either vitamin K-dependent coagulation factors or 

fibrinogen, respectively. As indicated in the literature, also other processes and 

factors can play a role, including the anticoagulant protein C pathway and the 

process of fibrinolysis [20, 21]. 

Acidosis as a result of tissue hypoperfusion and shock is defined as a pH of 

<7.2 with a base excess below 6 mEqu/L and lactate level above 2.2 mmol/L and is 

an important contributor to coagulopathy, because most of the coagulation enzymes 

work optimal at a pH of 8-8.5 [22]. Martini and co-workers showed in an animal model 

that the propagation phase of thrombin generation is inhibited by 50% at a low pH. In 

that situation the amount of fibrinogen is decreased by 35% and the platelet count is 

reduced by 50% [23]. However acidosis is not only a result of shock, but also of the 

ensuing massive transfusion, because older RBC´s have a BE of -50 mmol/L [24]. 

The importance of normo-acedemia is stressed by the dysfunction of factor VIIa, 

below a pH of 7.2, which has to be reached before this agent works optimally [25].       

Finally, hypothermia defined as body temperature below 35°C, is an independent risk 

factor for mortality [26, 27]. About 10-50% of all trauma patients arrive with 

hypothermia in the hospital or further decrease in temperature during the first 24 

hours after trauma. Although the amount of blood loss increases with 16% per 1°C in 

laboratory studies, mild hypothermia is mainly associated with platelet dysfunction. 

Blood temperature below 33° C may lead to enzyme dysfunction of the coagulation 

cascade [28, 29]. Moreover, in presence of hypothermia, acidemia worsens 

coagulation more than each single factor [30, 31]. Current guidelines recommend 

preventing the lethal triad by striving after normalization of temperature and acid-

base status while restricting fluid infusion and treating coagulopathy aggressively 

[32]. Although we know that hypothermia is associated with coagulopathy we do not 

know the precise effects of the depth of hypothermia and speed of cooling on 

coagulation dynamics. Further is it unknown, how the coagulation system behaves 

when the patient is re-warmed. In future research these questions together with exact 

mechanism should to be addressed.   
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“So warm the patient up!” Paul thinks. Shall he infuse now a large amount of fluids? Paul is uncertain. 

He knows that shock will increase the risk of organ damage and induce acidosis, but hemodilution 

probably will increase the hemorrhage out of Mr. Dekker’s open femur-fracture. A start into the bloody 

vicious circle of coagulopathy! “Accept a systolic blood pressure of about 90 mmHg as permissive 

hypotension” he remembers the lectures. Paul prepares a crystalloid infusion, but would it not be 

better to start transfusion of blood products now to avoid hemodilution? 

 
As hemodilution aggravates hemorrhage, its treatment should focus on avoiding 

further dilution. Early transfusion of blood products might support hemostasis and of 

course surgical control of bleeding. This concerns transfusion with packed red cells, 

fresh frozen plasma and platelet concentrates, because blood products need special 

storage conditions, ABO-cross-matching and safety measurements, which are 

logistically difficult to reach in preclinical setting. Although it is possible to transfuse 

blood products without cross-matching (e.g. without regard to ABO compatibility) the 

use of large amounts of O negative red blood cells is associated with higher mortality 

[33, 34]. Treatment with plasma as a source of coagulation factors in a preclinical 

setting is not applicable due to the fact that plasma’s maximal storage time is one 

year when frozen at -18°C and about 6 days at 4°C [35]. A possible alternative might 

be frozen-dried plasma, which can be stored at room temperature with a shelf life of 

one year without need for ABO-compatibility and a reliable safety-profile [36].  

Moreover, FFP contains approximately 0,6 g/L fibrinogen and so plasma transfusion 

may result in even lowering of the patient’s fibrinogen level [37]. A combination of 

FFP with fibrinogen might diminish the dilutional effects of FFP transfusion without 

fibrinogen. In this thesis, we also considered the use of combination of FFP with 

fibrinogen, which may diminish the dilutional effects of FFP transfusion. As we 

showed in chapter 6b, this approach is as effective as conventional treatment, at 

least in the clinical setting for patients undergoing major surgery. 

The use of coagulation factor concentrates might be an alternative. In animal models 

of massive bleeding, several authors have demonstrated blood saving effects of 

infusion of both fibrinogen and prothrombin complex concentrate [38, 39]. 

Furthermore Schöchl and co-workers showed in a retrospective study in trauma 

patients the beneficial effects of their use in clinical setting (fibrinogen and 

prothrombin complex concentrate) [40]. In future research one could include the 

preclinical period. Here researchers should investigate the optimal product choice or 

a combination of products and try to develop treatment strategies.    
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Maybe an alternative to blood products might be coagulation factor concentrates. As Paul remembers, 

fibrinogen is the first factor, which drops below a critical level during hemorrhage. Coagulation factor 

concentrates might be easier to transport and there is no need to match them to the patient’s blood 

group. Could early infusion of coagulation factors improve outcome? Since there is no consensus in 

the clinical settings, how can Paul decide what to do or not to do? 

 

Other authors did also show that the transfusion of coagulation factor concentrates 

improves the patient outcome in severe trauma and bleeding after cardiac surgery 

[40-42]. Given that fibrinogen is the first factor, which decreases below critical limits 

during bleeding, the current lower limit for treatment of 1 g/L is under discussion [43, 

44]. Recent guidelines recommend a higher level of >1.5 g/L in trauma [32]. On the 

other hand, in obstetrical hemorrhage even this level may still be too low, as 

described in chapter 5a. In this situation, a pre-interventional fibrinogen level of 3.4 

g/L is a predictor for massive transfusion, but it is unclear whether this level should 

be a therapeutic aim [45]. Fibrinogen infusion may also compensate for a low platelet 

count [46], but dosing studies have not been carried out here. 

A novel approach for the optimization of transfusion therapy upon bleeding is 

the so-called goal-directed coagulation therapy, advocating the use of point-of-care 

tests like thromboelastography to guide therapy [47]. The main advantage is the 

shorter turn-around times to obtain test results, compared to conventional clotting 

time measurements (aPTT, PT), which take 30-60 minutes [48, 49]. Although point-

of-care tests like ROTEM are rapid and easy to use, they are preferably performed by 

trained personnel, which is present in the hospital laboratory. It would be good to use 

them together with hemoglobin measurements in a preclinical setting comparable to 

POC blood glucose measurements. The sensitivity of this equipment to vibration 

prohibits its use in the ambulance or helicopter. In the absence of measurements, in 

the acute preclinical situation, the effect of transfusion of an empirical fibrinogen dose 

is an educated guess, based on a retrospective clinical analysis that a median dose 

of 2 g fibrinogen concentrate is able to reduce blood loss [50]. Whether there is a 

place for robust variants of the ROTEM and whole-blood thrombin generation assays 

as preclinical point-of-care devices still need to be studied in future investigations. 
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However, wouldn’t it be better to measure some blood parameters in the ambulance? How about a 

hemoglobin level, platelet count? Would a fibrinogen level help predicting blood loss as it does in 

obstetrical bleedings? During his training there was the cardiac-anesthesiologist who told them that 

fibrinogen levels might predict the amount of blood loss. Oh, yes a ROTEM might help. While Paul 

searches for a venous line he doubts if he should draw a blood sample. What if he uses a wrong 

technique? Would it influence the results? No, he was told this by one of the lecturers during the 

trauma course. “It will not make a difference if blood samples are drawn from an artery or a vein” he 

recalls this guy’s presentation.  
 

In various chapters of this thesis, we have described the importance of rapid, 

preferably point-of-care, testing of blood in patients with risk of bleeding before, 

during and after surgery. For complete understanding of the hemostatic activity, we 

have argued that the testing is needed of platelets, the coagulation system (including 

von Willebrand factor), and the formation of a fibrin clot. Most hospital laboratories 

use highly standardized operating procedures and internal and external quality 

control measurements for each of these measurements to avoid inaccuracy of 

results, which lead to incorrect diagnosis and therapy [51, 52]. However, as indicated 

in chapter 3, blood testing does not start in the laboratory. Pre-analytical variables of 

the quality of the blood sample can also influence the test outcome. For instance, it 

has been shown that the choice of needle bore or the prolonged use of a tourniquet 

can affect the results of various hematological parameters [51]. Also the choice of 

collecting tubes (with or without vacuum) and inadequate filling of the tubes is 

important [53]. 

The current view is that counting the number of platelets in blood is not 

enough to assess the in vivo function of circulating platelets [54]. Therefore we 

examined the question whether measurement on the mean platelet volume (MPV) 

can be used as a surrogate parameter for platelet function during bleeding [55]. As 

described in chapter 2a, the four techniques to measure MPV (manual, impedance 

or optical light scatter counting, and immunological flow cytometry) each give 

different results for methodological reasons. Also given other pitfalls like the time to 

MPV measurement, because of platelet swelling, we conclude in chapter 2b that 

methods of MPV assessment do not seem to be a reliable parameter of platelet 

activity in case of massive hemorrhage. 

As reported in the recent literature, measurement of platelet function with modern 

point-of-care devices may provide important information to predict the need for 
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perioperative transfusion of platelet concentrates [56-58]. Although some authors 

have stated that the blood sampling method may influence thromboelastography 

results [59-62], there is only limited evidence for effects of the sample site (arterial or 

venous) or sample method on platelet function analysis. In chapter 3 we have shown 

with both impedance aggregometry and light transmission aggregometry, there is no 

effect of the blood sampling method or site (arterial, venous or peripheral venous) on 

platelet aggregability in vitro. Unfortunately, aggregometry cannot be used for 

patients with a platelet count below 100 x 109/L, which is not uncommon in bleeding 

patients. In order to optimize the indication for platelet transfusion it would be 

important to develop methods to easy assess platelet function in this setting. As a 

first step a flow cytometry based method has recently been published to assess 

platelet function in patients suffering from Glanzmann thrombasthenia. However, this 

is not applicable in clinical practice [63]. 

 
“Crash-2”-in this study trauma patients received tranexamic acid after trauma and blood loss. This 

should be applied within one to three hours post injury; Paul thinks and immediately gives the first 

dose to Mr. Dekker.              

 

A simple measure to minimize blood loss might be infusion of tranexamic acid, an 

antifibrinolitic drug, as early as possible. This has been shown recently in a large trial. 

Although the mortality rate due to bleeding decreased the amount of blood 

transfusion in both groups was comparable (50.4 % versus 51.3% blood transfusion 

tranexamic acid versus placebo) [64]. However the low costs and few side effects of 

the drug allow recommending its use in general. 

 
“Call the trauma team! This patient is bleeding and going into shock” Paul calls at the entrance of the 

emergency room in the local hospital. Instantly, Dr. Smits, the emergency physician, runs to Paul and 

directs him and his patient to the shock room. “This is Mr. Dekker a 56 year old male, who fell with his 

bike on his right tight. At arrival he was unconscious, cold and had a low blood pressure. He has an 

open fracture of this tight and is bleeding heavily. I did not see other obvious lesions. After some 

minutes in the ambulance he woke up and moved all his extremities.” At once Mrs. Jansen, the 

emergency nurse, calls the rest of the trauma team and Dr. Smits activates the massive transfusion 

protocol. “I put the ECG on”, Mrs. Jansen says, ”Then I will take a blood sample for instant analysis, 

blood typing and cross matching sending by pneumatic system to the laboratory. It makes it really 

fast”.  
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Recent literature strongly recommends the use of special intervention 

protocols for cases of massive hemorrhage [65, 66]. When a patient loses blood, 

validated laboratory tests are required for decision-making, but these should be done 

as fast as possible. The standard coagulation tests (aPTT, PT, INR) take 30-60 

minutes after being ordered [48, 49]. This is highly disadvantageous in a dynamic 

situation like in massive hemorrhage. Furthermore, these standard tests were never 

developed for predicting bleeding or guiding treatment of hemorrhage. Moreover, 

they are insensitive to hemodilution, and fail to identify patients with acute or occult 

bleeding [67, 68]. So they are not very helpful for the clinician during treatment. 

Whole-blood coagulation tests may provide a 'rapid' alternative. As described 

in chapter 1, whole-blood thromboelastography has been re-discovered in the last 

decade as fast methods (ROTEM or TEG) to measure the capacity of elastic fibrin 

clot formation in blood. Already in 1985 Kang and co-workers demonstrated a 

decrease in blood loss during liver transplantation by implementation of whole blood 

thromboelastography as a diagnostic tool [69]. About 14 years later Shore-Lesserson 

created and evaluated a treatment algorithm for cardiac surgical patients based on 

TEG guidance. The authors were able to reduce both blood loss and the use of blood 

products [70]. Since that time many authors proofed the effectiveness of these tests 

in a bedside setting in the operating theatre in different populations [71-75]. However, 

throughout the history of the viscoelastic tests there are concerns about the reliability 

and possible lack of standardization of thromboelastometry [76-80]. One way to 

increase the quality and reliability of the tests, could be taking them back to a 

laboratory in the (time-)vicinity of the massively bleeding patient, where dedicated 

people –laboratory technicians- perform them. For this reason we studied whether a 

pneumatic tube transport to the laboratory maintains or even improves reliability and 

quality of the measurements without unwanted time delay (Chapter 4a). We 

demonstrated the feasibility of a pneumatic tube transport for ROTEM analysis and 

were able to implement the device in the hematological laboratory without time delay. 

By installing an on-line remote viewer, the caregivers can easily follow the ROTEM 

analysis while being next to his patient. However, it is necessary to put the ROTEM 

test results into an algorithm in order to improve patient care and to save blood 

products. As other authors recently reported this may lead to a reduction in costs as 

well [72]. For future research it will be important to investigate if the algorithm can be 
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improved by adding other tests (e.g. whole blood thrombin generation [81] or a 

platelet function test applicable in thrombocytopenia).  

 
While Dr. Smits does the quick-scan of Mr. Dekker’s belly, the anesthesiologist, the trauma surgeon, 

the intensivist and the neurologist arrive. Now there is planning and action. The team places two more 

large bore venous lines and transfuses the early arrival package consisting of 4 units red packed cells, 

4 units fresh frozen plasma and 1 unit platelet concentrates, which had just arrived via the pneumatic 

system. “This decreases the time to transfuse blood products enormous” says the anesthesiologist. “I 

remember a case when a patient bled to dead due to the late arrival of blood products, but fortunately 

it has been shown that pneumatic system transport saves time and does no harm to the product.” 

Now, Mr. Dekker gets intubated quickly to secure his airway. Then the emergency team transports him 

to the computer tomography for a full body scan-including the brain. “Luckily, only an open femur 

fracture right side and no other lesions.” says the trauma surgeon. “But he is still bleeding!”  
 

An alternative strategy to stop perioperative bleeding, propagated by 

Johansson and co-workers, is the use of a so-called early transfusion package, which 

contains 5 units of packed red blood cells, 5 units of fresh frozen plasma and 2 units 

of platelet concentrate. This strategy appeared to improve whole-blood 

thromboelastography parameters and was clinically successful [82, 83]. Fast 

transport of blood products by pneumatic systems might speed up transfusion and 

improve hemostasis faster. However transfusion products, especially platelets 

concentrates, should be of the highest quality possible. While the quality of platelet 

concentrates is affected by storage and irradiation [84, 85], it is not known whether it 

is affected by transport via a dedicated pneumatic transport system. As we describe 

in chapter 4b, platelet concentrates can be sent to the place of action via a 

pneumatic tube system without compromising the platelet function in vitro. 

 
While Mr. Dekker returns to the emergency room his situation deteriorates as he keeps bleeding. 

“Should we try a tourniquet?”, the young surgeon suggests. “No, we will fix the fracture in the 

operation theatre.” answers Dr Smits. “Here is the current ROTEM analysis. It shows a shortage of 

fibrinogen and some degree of fibrinolysis, although one dose of tranexamic acid already was given in 

the ambulance. Shall we repeat or give something else?” Mrs. Jansen asks. Dr Smits decides to give 

a combination of 4 units FFP and 4 grams of fibrinogen concentrate. “We will also repeat tranexamic 

acid-2 grams and order 4 units of red packed cells after receiving the latest results from the lab,” he 

says, “because it is not known what the best ratio of FFP to fibrinogen is. After transfusion we will 

repeat another ROTEM test, a whole blood TG and a test on the multiplate. It is great that, the 

multiplate could be standardized for low platelet counts. It really is nasty not to know what the 
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contribution of the platelets to the coagulation will be. I hope we will get some idea of the drugs the 

patient uses as he told Paul.” Otherwise we might need some activated factor VIIa or even some 

factor XIII?    

 

Our data indicate that the stopping of bleeding is in many cases accompanied by an 

improved capacity of the blood of fibrin clot formation as well as thrombin generation 

(chapter 6b). Still in some cases this will not be successful. Here one may think 

about a deficiency of other coagulation factors, platelet dysfunction and endothelial 

dysfunction. Most guidelines recommend in this situation the use of rFVIIa as a last 

resort [32]. This may solve the problem, because rFVIIa boosts the coagulation 

extremely. Unfortunately the risk of adverse events (pulmonary embolism, vascular 

occlusion) increases also [86]. Currently, there are reports on factor XIII infusion in 

treatment of bleeding, because it contributes to clot firmness. However, the influence 

of factor XIII cannot be tested quickly by our current coagulation tests. Its clinical 

effects in massively bleeding patients are not very well investigated. Finally, none of 

the available coagulation tests is able to quantify the contribution of the endothelium 

to the hemostasis.   

 
In the operation theatre everything is prepared for the patient. As Mr. Dekker arrives he is covered 

with warming blankets and fluid warmers are connected to the infusion systems. “May I give the 

platelet concentrates warm?” the anesthetic nurse asks the anesthesiologist, who answers: “Yes, you 

even may give them with some pressure as recently was shown”. Then surgery starts. Some hours 

later the patient becomes stable. After giving the tailored hemostatic therapy, which includes 

transfusion at a ratio for FFP-RBC and PC completed with coagulation factor therapy until the 

coagulation works well. Then Mr. Dekker arrives on the intensive care unit.  

Since the situation is stabilized the young assistant doctor asks the intensivist if he should prescribe 

some prophylactic LMWH now or better wait until it is sure that the bleeding stopped. He read about 

an increased risk of thromboembolism after massive transfusion and wonders if he should order some 

tests to weight the risk of bleeding against the risk of thrombosis. “I would recommend a ROTEM 

analysis together with a complete blood count”, the intensivist replies, “We may add a whole blood 

thrombin generation to detect hypercoagulability very early.” he answers.  
 

The present thesis demonstrates how a circle of improvement (Figure 2) by the 

means of an exemplary case - a patient with massive bleeding - might be optimized 

using modern diagnostic tools (chapter 2, 3, 4a), accelerated blood product delivery 

by pneumatic systems (chapter 4b) and imbedding the treatment into algorithms 
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(chapter 5a). Finally, we show in chapter 6 how treatment might be optimized 

according to the results of point of care measurements. Furthermore we point out 

some future aspects for research, which again might enhance this quality circle.  

In the end of our case we indicate that the resolved bleeding problem will result in a 

new circle of improvement in prevention of thrombosis and thromboembolism, which 

is important for continuing optimal therapy in intensive care medicine.   

 

 

 
Figure 2: Circle of improvement applied to the bloody vicious circle of coagulopathy. This thesis 

resulted in improvements at the laboratory side, and at the clinical, therapy side. New developments 

are needed to be investigated and implemented in this circle as denoted in the text.   
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Chapter 1 gives a historical overview of major discoveries in the hemostasis field on 

the laboratory testing of coagulation and platelet function. In the present thesis we 

have used three different types of hemostatic screening tests (with plasma or whole 

blood) to predict hemostatic insufficiencies and to monitor the risk of acquired 

bleeding. The first category consists of screening tests for plasmatic coagulation 

kinetics: the prothrombin time, the activated partial thromboplastin time, and kinetic 

analysis of thrombin generation. Both types of coagulation times were developed in 

the past during research on coagulation mechanisms. After later standardization, 

these tests are worldwide used to screen for single or multiple coagulation factor 

deficiencies, and for monitoring therapeutic anticoagulation with vitamin K 

antagonists or unfractionated heparin. The first steps towards thrombin generation 

tests were already set in 1953. Current methods adequately measure the total 

amount of thrombin generated in coagulating plasma. However, this technique still 

needs (pre-)analytical standardisation before common use in clinical practice. The 

second category of screening tests aims to measure the coagulation capacity of 

whole blood by means of visco-elasticity assessment of fibrin clot formation. Tests in 

use are the thromboelastography (TEG) and rotational thromboelastometry 

(ROTEM). The first description of a whole blood visco-elastic test was published in 

1948. The method has seen a recent revival, and is currently popular as a fast point-

of-care test to monitor bleeding patients. A third relevant group of tests evaluates 

platelet function analysis in plasma or blood. This includes the platelet function 

analyzer PFA-100, and multiple electrode impedance aggregometry (MEA). Such 

rapid tests are important due to the growing number of patients on platelet-inhibiting 

drugs. 

The overall aim of this thesis was to come to a better performance of the circle 

of quality improvement in bleeding management in the hospital. This quality 

improvement relies on close collaboration between caregivers and the hospital 

laboratory, in order to continuously ameliorate the treatment of hemorrhagic patients. 

To achieve this goal, we investigated how the above mentioned laboratory tests can 

be used to improve diagnostics in hemostatic control of a given patient, and can help 

to develop a patient-tailored therapy plan, to stop peri-operative bleeding earlier. 

Chapter 2 concentrates on the precise analytical conditions for measurement 

of the mean platelet volume (MPV). This is relevant since multiple papers consider 

the MPV as a proxy marker of platelet reactivity and an independent risk factor for 
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cardiovascular disease. This presumes a thorough control of the pre-analytical 

variability of this parameter, and points to a need for good pre-analytical standards. 

Chapter 2a consists of a review, which stresses the high variability in literature 

results describing MPV as a marker of platelet function in cardiovascular disease. It 

further provides an in-depth survey of the methods for MPV measurement and their 

drawbacks. Several authors have reported that MPV values are dependent on the 

type of anticoagulant and the time-to-measurement. Hence, a standardization of 

laboratory methods for this blood parameter is essential. A well-performing, 

automated assay is the impedance method, used to measure blood cell counts, 

which also gives routine information on MPV. A possible approach to standardization 

of this parameter is proposed. 

The study of chapter 2b aimed to achieve such standardization. Blood from 

20 healthy volunteers was collected into tubes containing potassium EDTA or sodium 

citrate. Platelet count and MPV were determined in the blood samples every half 

hour. Citrate-anticoagulated samples gave a significantly lower MPV than EDTA-

anticoagulated samples. The MPV values furthermore increased during two hours in 

the presence of EDTA, and during 1 hour with citrate. Similar values of MPV under 

optimal conditions were obtained with blood from a second group of 100 healthy 

donors to determine reference ranges. These were 7.2-10.8 fL and 6.1-9.5 fL for 

EDTA- and citrate-anticoagulated blood samples, respectively. Accordingly, this 

pointed to lower MPV values of platelets in citrated whole blood. 

 In chapter 3 also other pre-analytical factors that might influence platelet 

function analysis were under investigation. Platelet function measurements in blood 

samples can be influenced by residual coagulation, but how is not completely 

understood. We compared how the site of blood collection and the type of blood 

puncture could affect whole-blood platelet function, as determined by MEA and PFA-

100. In addition, we determined whether contact activation of the coagulation system 

was of influence on these measurements in whole blood. Blood sampling from 

arterial or venous lines or by venipuncture gave similar results for MEA and PFA-100 

assays. Contact activation was always detectable, but did not appear to influence the 

test outcomes. It is concluded that, for platelet function analysis, blood can be 

collected from venous or arterial lines or by venipuncture. 

 Chapter 4 is devoted to practical questions: how to transport blood samples 

and blood products efficaciously and without damage through the hospital, 
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particularly in relation to point-of-care testing. This was determined by ROTEM, which 

was used as a whole blood point-of-care test measuring changes in coagulation and 

in fibrin clot formation. It generates results quickly and is theoretically useful for 

individualized guided hemostatic therapy. We considered that a centralized use of 

this method in one location of the hospital may avoid non-expert handling, and 

therefore investigated the possibility of sending blood samples to this central place 

through a pneumatic tube system (PTS). The study in chapter 4a aimed to evaluate 

the influence of PTS transport of blood samples on fibrin clot formation and thrombin 

generation triggered by tissue factor or contact activation. The results indicated that 
whole-blood samples can indeed be sent by PTS for valid ROTEM analysis. 

Transport via PTS did not result in a measurable increase in contact activation. Given 

that many hospitals have different types of PTS, the present findings may not be 

valid for all hospitals. 

In chapter 4b the feasibility of platelet concentrate transport in a pneumatic 

system was under investigation. Again, it was considered that the use of PTS for 

transport of blood samples in hospitals reduces the workload and turnaround time of 

test results. PTS may also be used for the transport of blood products for transfusion 

purposes, but this has not sufficiently been investigated. In this paper, platelet 

functionality was investigated after single or multiple transports via PTS of platelet 

concentrates (non-radiated or irradiated), in comparison to storage of the 

concentrates. Before and after transport, we measured platelet count, platelet 

metabolic markers, optical aggregation, impedance aggregation, P-selectin (CD62P) 

expression, and microparticle formation. We found that platelet metabolic markers 

changed as a result of sample storage, but not by using PTS. Platelet function 

markers were for the major part not different in concentrates sent by PTS. This work 

shows that PTS transport of platelet concentrates from the laboratory to the operation 

theatre is possible without detectable loss in platelet function. 

 Chapter 5a gives a comprehensive description of current treatment options for 

obstetric patients presenting with peripartal bleeding. A special focus of this review 

was to determine the potential of treatment guided by point-of-care devices 

(rotational thromboelastometry). Worldwide, postpartum hemorrhage is the leading 

cause of maternal morbidity and mortality. Commonly, however, medical and 

transfusion therapy is not based on the actual coagulant state, because conventional 

laboratory test results are not available within 45-60 minutes. Literature analysis 
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indicated a good correlation between thromboelastometric assays and classic 

coagulation times. Dilution of the blood, particularly after transfusion with colloid 

fluids, appears to influence the coagulation tests. Fibrinogen in plasma seems to play 

a major role in the course of postpartum hemorrhage, and its lowering can be an 

early predictor of the severity of postpartum hemorrhage. The ROTEM value 

(measured as FIBTEM, assessing fibrin polymerization) appears to decline even 

sooner than the fibrinogen level and, hence, might be useful for early guidance of 

interventions. Data on TEM and ROTEM measurements in blood from pregnant 

women are limited, particularly during the peripartum period and in postpartum 

hemorrhage. So more research in this field is needed. 

Chapter 5b gives a clinical example of the potential advantages in predicting 

the bleeding risk in an obstetric patient suffering from HELLP syndrome by way of 

adequate platelet function analysis. We present a case of a primigravid woman 

developing HELLP syndrome at 29 weeks and 6 days. Platelet function was 

assessed by MEA and PFA-100. In addition, platelet count and MPV were monitored 

over an eleven days period. The results suggested that the outcome parameters of 

MPV and PFA-100 are better predictors for platelet function than platelet count. 

Implementation of these tools might improve decision-making and treatment in 

patients during delivery. 

 In chapter 6a the effects of hemorrhage and hemodilution on thrombin 

generation and fibrin clot formation assessed by thromboelastometry in three 

different patient groups: patients on vitamin K antagonists (n=10); and 

cardiopulmonary bypass patients with no major bleeding (n=30) and with risk of 

major bleeding (n=58). Treatment with vitamin K antagonists led to a progressive 
reduction in thrombin generation, but not in fibrin clot formation. In patients with no 

major bleeding, plasma factor levels post-surgery were 53-60% of normal. This was 

accompanied by a moderate reduction in both hemostatic processes. In plasmas 

from (bleeding) patients undergoing major surgery, factor levels were 38-41% of 

normal, and these levels increased after plasma transfusion. Taking preset threshold 

values for normal thrombin generation and fibrin clot formation, at least one process 

was low in 88-93% of the patients with (persistent) bleeding, but only in 40-53% of 

the patients without bleeding. The processes of thrombin generation and fibrin clot 

formation were independently reduced in acquired dilutional coagulopathy, while 

minimal levels of both appeared to be required for adequate hemostasis. 
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This leads to chapter 6b where a treatment strategy (addition of fibrinogen 

concentrate to the transfusion products) was prospectively studied in a population 

suffering from massive hemorrhage due to major elective surgery. It could be shown 

that 2 grams of fibrinogen concentrate will result in better coagulation parameters 

when assessed by thrombin generation measurement and ROTEM analysis. 

However, this does not translate into clinical improvement of hemostasis. The results 

suggest that the amount of fibrinogen has to be adjusted to show also clinical 

enhancement of the coagulation. 

 In chapter 7 the results from all of these investigations are put into the context 

of optimized patient care as a circle of improvement in bleeding management, with a 

focus on future developments. 
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Hoofdstuk 1 geeft een historisch overzicht van bijzondere ontwikkelingen op het 

gebied van hemostase-testen. De focus ligt op drie soorten van zogenaamde 

screenings hemostase-testen in zowel plasma als volbloed, die een bloedingsrisico 

kunen voorspellen en eventuele verworven stollingsstoornissen kunnen monitoren. 

De eerste categorie bevat screenings testen, die de kinetiek van plasmatische 

stolling onderzoeken: de protrombinetijd (PT), de geactiveerde partiële trombinetijd 

(aPTT) en kinetische analyse van de trombinegeneratie. In het verleden werden de 

PT en aPTT ontwikkeld tijdens onderzoek naar stollingsmechanismen. Later zijn 

deze testen wereldwijd gestandaardiseerd voor het opsporen van stollingsfactor 

deficiënties en voor het monitoren van therapeutische antistolling met vitamine-K 

antagonisten of ongefractioneerd heparine. De eerste stappen naar een 

trombinegeneratietest werden reeds in 1953 gezet. De huidige methoden, ontwikkeld 

in Maastricht, meten adequaat de totale hoeveelheid van trombinegeneratie in 

plasma. Voordat deze techniek breed in de dagelijkse klinische praktijk kan worden 

ingezet, dient nog (pre)analytische standaardisatie gedaan te worden. De tweede 

categorie van screenings-testen richt zich op het meten van de stollingscapaciteit in 

volbloed door middel van viscoelasticiteitsmeting bij de vorming van een 

fibrinestolsel. Veel gebruikte viscoelasticiteitstesten zijn tromboelastastografie (TEG) 

en rotatietromboelastometrie (ROTEM). De eerste viscoelastische volbloedtesten zijn 

in 1948 ontwikkeld. Recentelijk wordt deze methode weer veel gebruikt, en staat 

bekend als dé point-of-care-test voor snelle diagnose van bloedingsproblemen. De 

derde relevante groep testen analyseert de plaatjesfunctie in plasma of volbloed. Dit 

betreft de platelet function analyser-100 (PFA-100) en de multiple electrode 

impedance aggregometry (MEA). Deze snel uit te voeren testen zijn belangrijk, 

omdat steeds meer patiënten in de perioperatieve fase plaatjesremmers gebruiken. 

Het algemeen oogmerk van dit proefschrift is te komen tot een beter functionerende 

kwaliteitscirkel bij het management van bloedingen in het ziekenhuis. Deze 

kwaliteitsverbetering behelst een nauwe samenwerking tussen zorgverleners en het 

ziekenhuislaboratorium om de behandeling van bloedingen continu te verbeteren. Wij 

onderzochten hoe door middel van geschikte laboratoriumtesten de diagnose van 

een gegeven patiënt verbeterd kan worden, voor het stelpen van bloedingen. 

Daarnaast onderzochten wij ook hoe een patiëntgeoriënteerd therapieplan kan 

worden opgesteld teneinde een bloeding vroegtijdig te stoppen. 
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Hoofdstuk 2 beschrijft de precieze analytische condities bij bepaling van het mean 

platelet volume (MPV). Dit is belangrijk, omdat in verschillende artikelen het MPV als 

biomarker voor reactiviteit van bloedplaatjes - en zo als onafhankelijke risicofactor 

voor hart- en vaatziekten - beschrijven. Dit vereist een betrouwbare controle van de 

pre-analytische factoren van de MPV-meting en vraagt om een degelijke 

standaardisatie.  

Het overzicht in hoofdstuk 2a benadrukt de hoge variabiliteit binnen de literatuur, 

welke MPV als plaatjesfunctie marker in hart- en vaatziekten beschrijft. Voorts geeft 

het een diepgaander inzicht in de methodieken en de voor- en nadelen behorend bij 

het meten van MPV. De literatuur bericht meermaals dat waarden van het MPV 

afhankelijk zijn van het gebruikte anticoagulans en van het meetmoment. Daarom is 

een standaardisatie van de laboratoriummethoden voor deze parameter belangrijk. 

Een doeltreffende methode is de geautomatiseerde impedantietechniek, die voor de 

telling van bloedcellen wordt gebruikt. Deze techniek geeft tevens routinematig 

informatie over het MPV, en kan gestandaardiseerd worden. 

In het onderzoek beschreven in hoofdstuk 2b is getracht tot standaardisatie te 

komen van de bepaling van MPV. Hiertoe werd bloed van 20 vrijwilligers in kalium-

EDTA en in natrium-citraat verzameld en werd het plaatjesaantal en het MPV elk half 

uur in de monsters gemeten. De citraatmonsters lieten een significant lagere MPV 

zien dan de EDTA-monsters. Verder bleek de MPV in EDTA-monsters gedurende 2 

uren en die in citraatmonsters gedurende 1 uur te stijgen. Rekening houdend met 

deze resultaten werd in een tweede groep van 100 gezonde bloeddonoren de 

referentiewaarde bepaald. Deze ligt voor EDTA-monsters tussen 7,2 en 10,8 fl en 

voor citraatmonsters tussen 6,1 en 9,5 fl, daarmee benadrukkend de lagere MPV 

voor citraatmonsters.  

In hoofdstuk 3 zijn enige pre-analytische factoren onderzocht, welke van invloed op 

de plaatjesfunctietesten kunnen zijn. Het meten van deze functie in bloedmonsters 

kan zijn verstoord door restactiviteit van de stolling, maar het precieze mechanisme 

hiervan was onbekend. Wij vergeleken het effect van de plaats van bloedafname en 

de manier van bloedprikken op plaatjesfunctiemetingen in volbloed, geanalyseerd 

met de MEA en de PFA-100. Verder onderzochten wij of contactactivering van het 

stollingssysteem een rol speelt bij deze metingen. Bloedmonsters afgenomen via een 

arteriële of veneuze lijn, of door middel van een armprik gaven vergelijkbare 

resultaten met MEA en PFA-100. Ondanks het feit dat contactactivering altijd 
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aanwezig was, kon er geen effect op de plaatjesfunctie worden aangetoond. Hieruit 

kan geconcludeerd worden dat monsters voor betrouwbare plaatjesfunctie-analyse 

zowel uit een arteriële als veneuze lijn of via venapunctie uit de arm afgenomen 

mogen worden.  

Hoofdstuk 4 betreft praktische vraagstellingen, zoals op welke wijze bloedmonsters 

en bloedproducten voor point-of-care-testen efficiënt en zonder beschadiging binnen 

het ziekenhuis getransporteerd kunnen worden. Dit werd geëvalueerd met behulp 

van de ROTEM als volbloed-test, waarmee veranderingen in de stolling en de 

fibrinestolselvorming te meten zijn. Deze test geeft snel resultaten en is in theorie 

handig ten behoeve van geïndividualiseerde hemostase-therapie. Bij voorkeur wordt 

een dergelijke test uitgevoerd op een centrale locatie in het ziekenhuis, waar ervaren 

medisch analisten de metingen verrichten. Daarom onderzochten wij de 

mogelijkheden om de bloedmonsters met de buizenpost te sturen. De studie in 

hoofdstuk 4a evalueerde de invloed van buizenposttransport op de kwaliteit van de 

monsters met betrekking tot fibrinestolselvorming en trombinegeneratie ten gevolg 

van contactactivatie. Uit de resultaten blijkt dat bloedmonsters welke met behulp van 

de buizenpost verzonden worden een nauwkeurige ROTEM-analyse toelaten. Verder 

werd er geen contactactivatie gevonden. Gezien het feit dat het buizenpost systeem  

per ziekenhuis verschilt zijn onze resultaten wellicht niet naar elk ziekenhuis te 

vertalen. 

In hoofdstuk 4b werd de mogelijkheid onderzocht om plaatjesconcentraten met de 

buizenpost te verzenden, met als voordeel een sneller transport. In deze studie werd 

de plaatjesaggregatie na enkele of meerdere transporten van plaatjesconcentraten 

(bestraald of niet-bestraald) middels de buizenpost  bekeken in vergelijking met de 

opslagtijd van de plaatjes. Voor en na het transport werden plaatjesaantal, metabole 

markers van plaatjesactiviteit, optische en impedantie-aggregometrie, P-selectine 

(CD62P) -expressie en microparticle-vorming gemeten. De metabole markers van de 

plaatjes veranderden ten gevolg van een langere opslagtijd, maar niet door 

buizenpost transport. De meeste markers voor plaatjesfunctie waren niet gewijzigd in 

de concentraten welke middels buizenpost getransporteerd waren. Deze studie toont 

daarmee aan dat transport van plaatjesconcentraten via buizenpost zonder meetbaar 

functieverlies van de plaatjes mogelijk is.  

Hoofdstuk 5a geeft een uitgebreide beschrijving van de huidige behandeling van 

obstetrische patiënten met een post-partale bloeding. De focus van deze review 
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betreft de vraag naar de potentiële voordelen van een point-of-care (ROTEM/TEG) 

behandelingsstrategie van deze patiëntengroep. Wereldwijd draagt post-partale 

bloeding aanzienlijk bij aan mortaliteit en morbiditeit. Omdat de conventionele 

stollingstesten (PT, aPTT) niet binnen 45-60 minuten beschikbaar zijn, is de 

behandeling van deze bloedingen vaak niet gebaseerd op kennis van de stolling. Uit 

de literatuur blijkt er een goede correlatie te zijn van tromboelastometrische testen en 

de conventionele stollingstesten. Bloedverdunning met infuusvloeistoffen, in het 

bijzonder colloïdale vloeistoffen, blijkt de stollingstesten te beïnvloeden. Bij het 

optreden van post-partale bloedingen blijkt het fibrinogeengehalte in plasma een 

grote rol te spelen. Een verlaging van dit gehalte wordt als predictor van de ernst van 

een bloeding gezien. De ROTEM assay (vooral de FIBTEM test, die de polymerisatie 

van fibrine meet) zakt eerder dan het gemeten fibrinogeengehalte en kan zo van 

belang zijn bij het vroegtijdig beslissen tot een interventie. Data van de TEG en de 

ROTEM testen bij zwangere patiënten, in het bijzonder rondom de bevalling en bij 

post-partale bloeding zijn schaars. Daarom is er op dit gebied meer onderzoek nodig. 

Hoofdstuk 5b laat zien aan de hand van een casus van een patiënt met HELLP 

syndroom, hoe adequate plaatjesfunctietesten de kans op bloedingsproblemen 

kunnen voorspellen. De casus beschrijft een primigravida die een HELLP syndroom 

ontwikkelt na 29 weken en 6 dagen. Plaatjesfunctie werd gemeten met behulp van 

MEA en PFA-100. Bovendien werd het plaatjesaantal en het MPV over een periode 

van 11 dagen gemonitored. De resultaten suggereren dat zowel de MPV- als de 

PFA-100-metingen een betere maat zijn voor de bepaling van plaatjesfunctie zijn dan 

het plaatjesaantal. Een introductie van deze testen zou de besluitvorming en 

behandeling rondom de bevalling kunnen verbeteren. 

In hoofdstuk 6a zijn de gevolgen van bloedverdunning op de trombinegeneratie en 

fibrinestolselvorming met behulp van tromboelastometrie onderzocht bij drie 

patiëntengroepen: patiënten onder behandeling van vitamine-K antagonisten (n=10), 

patiënten die een operatie met cardiopulmonale bypass ondergingen zonder ernstige 

bloeding (n=30), en patiënten met risico op ernstige bloedingen (n=58). Hierbij 

toonden de patiënten die behandeld waren met vitamine K een progressieve daling 

in trombinegeneratie. Plasma van deze patiënten liet echter geen duidelijke 

verandering in de fibrinestolselvorming zien. Anderzijds waren in plasma van 

patiënten zonder ernstige bloedingen de stollingsfactorspiegels gereduceerd (53-

60%). Dit ging samen met een verminderde functie van beide genoemde 
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hemostasetesten. In plasma van patiënten die majeure chirurgie ondergingen en een 

bloedingsneiging hadden, waren de factorspiegels gedaald tot 38-41% van normaal, 

en namen deze na plasmatransfusie toe. Op basis van vastgestelde randwaarden 

voor een normale trombinegeneratie en fibrinestolselvorming, bleek dat 88-93% van 

de patiënten met (aanhoudende) bloedingen lager scoorde in één van beide testen, 

en slechts 40-53% van de patiënten zonder bloedingen. De processen van 

trombinegeneratie en fibrinestolselvorming bleken onafhankelijk gereduceerd bij 

verworven verdunningscoagulopathieën, terwijl minimale activiteit van beide testen 

nodig was voor een toereikende hemostase.  

Dit leidt naar hoofdstuk 6b, waar een behandelingsstrategie van bloedplasma al dan 

niet gedeeltelijk vervangen door fibrinogeenconcentraat prospectief bestudeerd werd 

bij patiënten die ten gevolg van majeure electieve chirurgie massale bloedingen 

vertonen. Aangetoond werd dat de vervanging door fibrinogeenconcentraat tot betere 

resultaten leidde bij de trombinegeneratie en ROTEM-analyses. Er bleek echter geen 

verbetering te zijn in de klinische situatie. De resultaten suggereren dat de 

hoeveelheid van fibrinogeen verhoogd dient te worden om een klinisch effect van 

verbeterde hemostase teweeg te brengen.  

In hoofdstuk 7 zijn de resultaten van alle onderzoeken binnen de context van een 

optimale behandelingsstratie van de patiënt geplaatst. Deze is gezien als een cirkel 

waarin de verbetering van bloedingsmanagement een centraal punt in neemt, dit ook 

met het oog op toekomstige ontwikkelingen.  

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



	   187 

 
 

 
 
 
 
 
 
 
 
 
 
 

Dankwoord 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	   188 

Graag zou ik enkele mensen willen bedanken welke direct en indirect hebben 

bijgedragen aan het tot stand komen van dit proefschrift... 

 

Prof. dr. Marcus, beste Marco. Toen ik in Maastricht als staflid begon had je meteen 

door dat ik een gedreven enthousiastelingen ben. Snel vond ik mijn plaats in de 

kliniek, ook al was er op dat moment nog te weinig om klinisch onderzoek te doen. 

Daarom gingen wij op reis langs diverse mensen, op zoek naar inspiratie en 

samenwerkingsverbanden. Dit leek in het begin lastig. Zo zijn wij op eigen initiatief 

gestart met een kleine pilot bij obstetrische patiënten, misschien mede omdat het 

jouw speerpunt is. Het bracht ons de nodige aandacht van de mensen van de 

hematologie en biochemie. Zo hadden wij plots een leuke bespreking met Lizzy, 

Saskia en Johan. Dit was de geboorte van het translationele onderzoek met CARIM 

op het gebied van de stolling. Sindsdien heb je mij gesteund, geholpen en soms ook 

afgeremd (omdat je weet dat ik nooit nee zeg). Bedankt voor het vertrouwen in mijn 

enthousiasme en het geduld met mijn onervarenheid bij onderzoek en schrijven. 

Dank ook voor onze vele waardevolle gespreken. Ik hoop dat wij samen de nu 

opgestarte lijn kunnen volgen en meer mensen aan de stolling kunnen laten 

“snuffelen”.   

 

Prof. dr. Heemskerk, beste Johan. Je behoort tot één van de mensen die ik bij de 

eerste gespreken over stollingsonderzoek heb mogen leren kennen. Voor mij was 

het een ontmoeting met een andere wereld, die van het basale onderzoek. Je 

straalde tijdens onze vele gesprekken steeds rust en veel kennis uit. De kennis van 

de stolling was steeds meer dan het cascadenschema zoals ik de stolling kende. 

Waarschijnlijk was het voor jou net andersom. Ik ben veel te onrustig en soms wat 

diffuus. Misschien is het de combinatie van ons beider eigenschappen die ons goed 

liet samenwerken. Onder jouw leiding leerde ik klinische situaties aan de 

nauwkeurigheid van het laboratorium te koppelen. Daarom mijn dank voor je inzet, je 

hulp en je vertrouwen. Ik hoop dan ook dat wij onze samenwerking verder mogen 

continueren. 

 

Dr. Henskens, beste Yvonne. Je bent dé contactpersoon van het klinisch 

hematologisch laboratorium. Maar niet alleen dát! Je hebt me geleerd altijd een juiste 

methodiek te hebben: alle gegevens, van de gebruikte buis tot aan de toegepaste 
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concentratie, moet correct worden gerapporteerd. En zo heb je ook quasi 

'afgedwongen' dat het bijschrift van figuren een gedetailleerde, vaak lange, tekst 

moet zijn. Zo te schrijven viel me niet altijd mee, maar je had natuurlijk gelijk. Mijn 

dank hiervoor. Verder was de klinische implementatie van de ROTEM zonder jouw 

inzet nooit gelukt. Je gedrevenheid heeft ons een groep laten vormen waarmee wij 

nu verder door willen gaan. Wij hebben vele projecten in het verschiet, dus nu gaat 

het pas écht interessant worden. 

 

Dr. Hamulyak, beste Karly. Ik was met stomheid geslagen dat men zo 'makkelijk' een 

slecht geschreven manuscript (waar ik destijds bij jou mee kwam aanzetten) kan 

omvormen tot een leesbaar artikel. Je liet mij zien hoe je dat deed en inderdaad, het 

heeft geholpen! Steeds wanneer ik vroeg hoe je dat toch deed glimlachte je en zei 

“Wanneer jij 30 jaar schrijfervaring hebt, kun jij dat ook!”. Dit was voor mij een 

aanmoediging. Door de lange klinische praktijk en de grote ervaring op het gebied 
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Meinen Paranimfen Dr. Antoine Simons und Dr. Andreas Grießner: 
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auch bei Deiner Promotion begleiten, so konnte ich schon einmal einen Eindruck 

hiervon gewinnen. Danke, dass Du jetzt mir zur Seite stehst.  
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Intensivstation Visite macht. Deinen schwarzen Humor habe ich von Beginn an sehr 
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Kira und Max, ihr seid die Sonne in meinem (unserem) Leben. Es ist schön zu sehen, 

wie ihr beinahe täglich größer werdet und das auf allen Ebenen. Macht weiter so! 

Danke auch für Eure Inspiration - ihr seid echte Künstler J.     
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