
INTRODUCTION

Standard laboratory tests (SLTs) of coagulation enable us to
diagnose coagulation factors deficiency but on most occasions
remain blind to functional abnormalities or antibodies against
coagulation factors (1). Although SLTs such as activated partial
thromboplastin time (aPTT), prothrombin time (PT), fibrinogen
concentration (FIB) and number of platelets (PLT) are
frequently used to monitor coagulation status in massive
bleeding (2), they seem to be inaccurate in the setting of
ongoing haemorrhage, especially when hypothermia and fluid
resuscitation are involved (3, 4). Rotational
thromboelastometry/thromboelastography (ROTEM/TEG) and
platelet aggregometry are becoming gold standards in
evaluation of coagulation disorders in both bleeding and non-
bleeding patients (5). ROTEM/TEG appears to be promising in
clinical practice. This method of functional assessment of
coagulation and fibrinolysis is characterised by shorter turn-
around times, what matters in timely management of

coagulopathy. Available data suggest that transfusions of blood
products and mortality are decreased when decisions are based
on viscoelastic tests rather than on clinical judgement or SLTs
alone (6). Cost-effectiveness studies also seem to favour
ROTEM/TEG (6). Despite the above-mentioned superiority of
functional assessment, SLTs are still in common clinical use. 
A few factors are responsible: financial constraints, limited
access to ROTEM/TEG equipment, and expertise.

Although the association between standard and functional
parameters of coagulation has been investigated (7-12), there are
still some inconsistent findings as to which ROTEM parameters
correlate best with which SLTs (13). Therefore we aimed to
investigate this association in an in vitro setting of dilutional
coagulopathy induced by balanced solutions of one crystalloid
and two colloids. We hypothesized that in patients undergoing
moderate degree blood dilution with commonly used balanced
intravenous solutions, more accessible and less expensive SLTs
might be used interchangeably with more informative but also
more expensive functional tests of coagulation.
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Standard laboratory tests (SLTs) of coagulation are in common use in clinical practice. We aimed to determine the
association between SLTs and functional tests of coagulation in blood samples diluted with balanced crystalloid and
colloid solutions in an ex vivo setting. The study group comprised 32 healthy young male volunteers. Whole blood
samples were diluted at a 4:1 ratio with balanced crystalloid (Plasmalyte®) and two balanced colloids, 6% hydroxyethyl
starch 130/0.4 (Volulyte®) and succinylated gelatin (Geloplasma®). SLTs included aPTT(activated partial
thromboplastin time), PT(prothrombin time), fibrinogen concentration (FIB), D-dimers and number of platelets (PLT).
Platelet aggregation was determined using multiple electrode aggregometry (MEA) with TRAP (thrombin receptor
activating protein-6) as an assay activator. Coagulation and fibrinolysis were assessed functionally using rotational
thromboelastometry (ROTEM). We found correlation between aPTTand INTEM (i.e. intrinsic coagulation pathway
screening test) clotting time (R = 0.38 to 0.77; P< 0.05) for both undiluted and diluted samples. FIB and PLT were
shown to be correlated with alpha angle in both INTEM and EXTEM (i.e. extrinsic coagulation pathway screening test)
(FIB: R = 0.38 to 0.69; P< 0.05; PLT: 0.41 to 0.56; P< 0.05) again for both undiluted and diluted samples. FIB and PLT
were associated with clot formation time in both INTEM and EXTEM (FIB: R = –0.44 to –0.70; P< 0.05; PLT: –0.36
to –0.58; P< 0.05). MEAresults shown no correlation with ROTEM findings. There was also no correlation between
number of platelets and their function as determined by MEA. Fibrinogen concentration correlated positively with
fibrinogen function as determined by FIBTEM (i.e. fibrinogen deficiency/dysfunction screening test) maximum clot
firmness (R = 0.49 to 0.73; P< 0.05). ROTEM results were predominantly associated with fibrinogen concentration and
number of platelets. When there is no access to functional tests, concentration of fibrinogen is the most reliable test of
coagulation, also in the context of fluid-induced coagulopathy.

K e y  w o r d s :  standard coagulation tests, functional coagulation tests, multiple electrode aggregometry, rotational
thromboelastometry



MATERIAL AND METHODS

The study was approved by the Bioethics Committee of the
Medical University of Silesia in Katowice
(KNW/0022/KB1/158/15/16). Written informed consent was
obtained from 32 American Society of Anesthesiologists (ASA)
physical status class I male volunteers, aged 21 – 35 (29 ± 4)
years, weighting 59 – 103 (81.2 ± 9.8) kg, with no history of
coagulopathy. Females were excluded due to additional blood
loss during menstruation and proven impact of hormonal
variations on coagulation (14). Additionally women have lower
blood volume and haemoglobin level. No drugs were allowed
for one week and no alcohol or strenuous physical exercise for
one day prior blood sampling.

Sampling

Venous blood samples were drawn via a 16 or 18G
indwelling cannula from an antecubital vein of a non-dominant
arm. Only minimal stasis was allowed to reduce the risk of pre-
analytical error (15). First portion of blood (2 mL) was discarded
and four blood samples were drawn: baseline (12.5 mL) and one
blood sample (10 mL) for mixing with each study solution.
Samples were collected in citrated blood tubes (S-Monovette,
Sarstedt, Germany) for complete blood count (CBC) and
rotational thromboelastometry, and hirudin blood tubes (S-
Monovette, Sarstedt, Germany) for platelet aggregometry
analysis. Hirudin test tubes were used specifically as alternative
anticoagulants have been shown to bias the results of multiple
electrode aggregometry (MEA) (16). After collection samples
were immediately processed using point-of-care ROTEM
machine or sent to the central hospital laboratory for analysis.
Samples were delivered to the laboratory by the personnel
because pneumatic tube transport systems have been shown to
affect determinations made with MEA(17).

Haemodilution

The solutions used in the study included balanced
crystalloid (Plasmalyte®, Baxter) (PL), and two balanced
colloid solutions, namely 6% hydroxyethyl starch 130/0.4
(Volulyte®, Fresenius Kabi) (VL) and succinylated gelatin
(Geloplasma®, Fresenius Kabi) (GEL). Due to growing number
of observational studies and randomised controlled trials
regarding Plasmalyte® (18-20), we chose this type of balanced
crystalloid to make our observations more in line with current
practice. Whole blood was diluted at a 4:1 ratio with the study
solutions to make an end-concentration of 20 vol.% of each
solution, equivalent to an infusion of about 1 Linto a 70 kg
person. Taking into account mean weight of volunteers (81.2 ±
9.8 kg), the amount of study solution administered in this
recreated scenario averaged 15 mLkg–1.

Standard laboratory tests

SLTs performed included: aPTT, PT, FIB (optical Clauss
method), D-dimers, PLT. The reference values were 25 – 37s,
10.4 – 13s, 10 – 400 mg dL–1, 0 – 0.05 µg ml–1 and 150000 –
350000 µl–1 respectively.

Aggregometry

MEA was performed by Multiplate analyser (Roche
Diagnostics GmbH, Germany). Thrombin receptor activating
peptide-6 (TRAP-6) was used as a platelet activator. Results
were given in aggregation units (AU*min). The reference value
provided by the laboratory was 941 – 1563 AU*min.

Rotational thromboelastometry

ROTEM coagulation analysis was carried out using a four-
channel ROTEM delta analyser (Tem Innovations GmbH,
Munich, Germany) and assays were allowed to run for 30 min.
In order to minimize a pre-analytical error, blood samples were
processed immediately after withdrawal. It has been shown that
coagulation test results may change during citrate storage as
coagulation might continue to occur (15). We performed the
following ROTEM assays: INTEM, EXTEM, FIBTEM. All
ROTEM assays were performed by the same investigator
according to the manufacturer’s instructions. The samples were
recalcified with 0.2M CaCl2 using an electronic pipette system.
INTEM, an intrinsic coagulation assay, was initiated by addition
of ellagic acid. EXTEM, an extrinsic coagulation assay, was
performed by addition of tissue factor. In FIBTEM, screening
test for fibrinogen deficiency/dysfunction, we used cytochalasin
D as a platelet inhibitor. Parameters measured included: clotting
time (CT), clot formation time (CFT), clot formation ratio
(CFR), alpha angle (AA), amplitude at different time points
(minutes) (A5, A10, A15, A20), maximum clot firmness (MCF).
CT is a time from the start of measurement till formation of 20
mm clot. MCF is the maximal firmness of the clot and is
influenced by fibrin, platelets and factor XIII concentration.
Using the MCF value we calculated maximum clot elasticity
(MCE) for EXTEM and FIBTEM assays using the following
formula: MCE = 100 × MCF/100 – MCF. Assessment of platelet
contribution to clot strength was measured according to formula
∆MCE = MCEEXTEM – MCEFIBTEM. All dilutions were performed
by the same investigator. The investigator was not blinded to a
test solution used.

Statistical analysis

The statistical analysis was performed using the licensed
MedCalc statistical software (version 16.1 2016, MedCalc
Software bvba, Belgium). The quantitative variables were
presented as a median (interquartile range, IQR) or a mean (±
standard deviation, S.D.). The association between SLTs and
individual functional tests of coagulation for undiluted and
diluted samples was assessed in univariate analysis using
Spearman rank coefficient of correlation (R) and was verified
by multiple regression. Post-hoc comparisons were performed
with the use of Scheffe test or the Conover post-hoc analysis,
when appropriate. The level of statistical significance was set at
P< 0.05.

RESULTS

All fluids caused similar degree of haemodilution, as
assessed by the haematocrit levels (Fig. 1). Haematocrit dropped
statistically significantly from a median of 44.4% to 35.7%,
35.2% and 35.2% for PL, VL and GEL, respectively (P< 0.05
for all univariate comparisons).

There was a moderate to strong positive correlation between
aPTTand INTEM CTfor both undiluted (R = 0.38; P< 0.05)
and diluted samples (R = 0.64 to 0.77; P< 0.05) (Table 1). Those
between-method associations were confirmed by multiple
regression analyses (Table 2). We also found a few individual
associations between CTand: PLT (R = 0.37 for GELand R =
0.52 for PL), FIB (R = –0.64 for VL), and PT(R = –0.38 for VL
and R = –0.57 for GEL) (Table 1).

FIB positively correlated with AA, both in INTEM and
EXTEM, for both undiluted (R = 0.36 and R = 0.56, both P<
0.05) and diluted samples (R = 0.46 to 0.69; P< 0.05) (Table 3).
PLT also positively significantly correlated with AA, both in
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INTEM and EXTEM, for both undiluted (R = 0.56 and R = 0.43)
and diluted samples (R = 0.37 to 0.51). Those associations were
also confirmed by regression analyses (Table 4). FIB and PLT
negatively and significantly correlated with CFT, both in
INTEM and EXTEM, for both undiluted (FIB: R = –0.44 and R
= –0.62 / PLT: R = –0.58 and R = –0.48) and diluted samples
(FIB: R = –0.48 to –0.70 / PLT: R = –0.36 to –0.51) (Table 5).
Regression analyses verified those findings (Table 6).

By univariate analyses there were multiple statistically
significant correlations between FIB, PLT, D-dimers and A10,
both in INTEM and EXTEM, for both undiluted (FIB: R = 0.62
and R = 0.74 / PLT: R = 0.51 and R = 0.43 / D-dimers: R = –0.74
and R = –0.78) and diluted samples (FIB: R = 0.51 to 0.74 / PLT:
R =0.37 to 0.46 / D-dimers: R = –0.52 to –0.56) (Table 7). Most
of them were not confirmed by multiple analyses (Table 8).

Although all correlations between FIB and MCF were
statistically significant (R = 0.49 to 0.70) only two of them
remained of statistical importance in regression analyses (for VL
and GEL) (Table 9 and 10).

MEA measurements did not correspond with ROTEM
findings. There was also no correlation between number of
platelets and their function as determined by MEATRAP(Table
11) as well as between MEATRAP and ROTEM MCE (Table
12). Fibrinogen concentration positively statistically
significantly correlated with fibrinogen function as determined
by FIBTEM MCF in all samples (R = 0.64 to 0.79, P< 0.05)
(Table 13).

Additionally, we did not find any correlation between D-
dimers and maximum lysis (ML) of the clot in FIBTEM assay
(Table 14).
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Fig. 1. Impact of study solutions on
haematocrit level.
Values given are median (bar),
interquartile range (box) and range
(whiskers). Post-hoc comparisons
assessed by Scheffe test. BL,
undiluted sample; GEL,
Geloplasma®; Hct, haematocrit level;
PL, Plasmalyte®,; VL, Volulyte®.

 

Test solution INTEM  time 

Fibrinogen aPTT Platelets MEA  

Baseline (Undiluted) 0.09 0.38* 0.09 –0.32 

Plasmalyte® –0.13 0.64* 0.52* 0.11 

Volulyte® –0.15 0.76* 0.14 –0.25 

Geloplasma® –0.003 0.77* 0.37* 0.002 

 EXTEM  time 

Fibrinogen PT Platelets MEA 

Baseline (Undiluted) 0.13 –0.30 –0.25 0.15 

Plasmalyte® –0.23 –0.31 0.13 –0.07 

Volulyte® –0.64* –0.38* –0.14 0.17 

Geloplasma® –0.29 –0.57* 0.17 0.03 

 
Values given are Spearman rank correlation coefficients. *P< 0.05; aPTT, activated partial thrombin time; MEA, multiple electrode
aggregometry; PT, prothrombin time.

Table 1. Correlation between standard tests of coagulation and coagulation time in INTEM and EXTEM.
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Test solution INTEM  time 

Fibrinogen aPTT Platelets MEA 

Baseline (Undiluted) 0.13 ± 0.21 2.83 ± 1.70 –0.008 ± 0.18 –0.02 ± 0.03 

Plasmalyte® 0.09 ± 0.13 4.35 ± 1.07* 0.43 ± 0.17* 0.03 ± 0.02 

Volulyte® 0.03 ± 0.11 5.79 ± 1.12* –0.09 ± 0.12 0.05 ± 0.02 

Geloplasma® 0.09 ± 0.11 5.06 ± 0.84* 0.007 ± 0.13 –0.008 ± 0.02 

 EXTEM  time 

Fibrinogen PT Platelets MEA 

Baseline (Undiluted) 0.06 ± 0.04 –0.27 ± 0.13* –0.05 ± 0.03 0.01 ± 0.01* 

Plasmalyte® –0.04 ± 0.03 –0.31 ± 0.18 0.01 ± 0.04 0.01 ± 0.00 

Volulyte® –0.14 ± 0.04* –0.20 ± 0.14 –0.004 ± 0.03 0.01 ± 0.00 

Geloplasma® 0.003 ± 0.03 –0.62 ± 0.15* 0.04 ± 0.03 0.004 ± 0.005 

 
Values given are coefficients of regression ± its standard errors by least squares multiple regression analysis. *P< 0.05; aPTT, activated
partial thrombin time; MEA, multiple electrode aggregometry; PT, prothrombin time.

Table 2. Multiple regression analysis for association between standard laboratory tests of clotting and coagulation time in INTEM and
EXTEM.

Test solution INTEM alpha angle 

Fibrinogen Platelets MEA 

Baseline (Undiluted) 0.38* 0.56* 0.13 

Plasmalyte® 0.46* 0.18 0.14 

Volulyte® 0.69* 0.49* 0.16 

Geloplasma® 0.54* 0.41* 0.09 

 EXTEM alpha angle 

Fibrinogen Platelets MEA 

Baseline (Undiluted) 0.56* 0.43* 0.09 

Plasmalyte® 0.53* 0.40* 0.27 

Volulyte® 0.63* 0.51* 0.16 

Geloplasma® 0.48* 0.37* 0.02 

Values given are Spearman rank correlation coefficients; *P< 0.05; MEA, multiple electrode aggregometry.

Table 3. Correlation between standard tests of coagulation and alpha angle INTEM and EXTEM.

 

Test solution INTEM alpha angle 

Fibrinogen Platelets MEA 

Baseline (Undiluted) 0.02 ± 0.01 0.04 ± 0.01* –0.002 ± 0.002 

Plasmalyte® 0.03 ± 0.01* 0.03 ± 0.02 –0.0008 ± 0.002 

Volulyte® 0.08 ± 0.02* 0.04 ± 0.02* –0.001 ± 0.003 

Geloplasma® 0.05 ± 0.01* 0.04 ± 0.01* 0.003 ± 0.002 

 EXTEM alpha angle 

Fibrinogen Platelets MEA 

Baseline (Undiluted) 0.05 ± 0.02* 0.03 ± 0.01* –0.0007 ± 0.003 

Plasmalyte® 0.04 ± 0.01* 0.05 ± 0.01* –0.00 ± 0.00 

Volulyte® 0.07 ± 0.01* 0.03 ± 0.01* 0.00 ± 0.00 

Geloplasma® 0.04 ± 0.01* 0.04 ± 0.01* 0.00 ± 0.00 

 
Values given are coefficients of regression ± its standard errors by least squares multiple regression analysis; *P< 0.05; MEA, multiple
electrode aggregometry.

Table 4. Multiple regression analysis for association between standard laboratory tests of coagulation and alpha angle in INTEM and
EXTEM.
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Test solution INTEM clot formation time 

Fibrinogen Platelets MEA 

Baseline (Undiluted) –0.44* –0.58* 0.13 

Plasmalyte® –0.48* –0.23 –0.14 

Volulyte® –0.70* –0.48* –0.13 

Geloplasma® –0.57* –0.36* –0.08 

 EXTEM clot formation time 

Fibrinogen Platelets MEA 

Baseline (Undiluted) –0.62* –0.48* 0.08 

Plasmalyte® –0.55* –0.39* –0.22 

Volulyte® –0.66* –0.51* –0.16 

Geloplasma® –0.50* –0.38* 0.02 

 
Values given are Spearman rank correlation coefficients; *P< 0.05; MEA, multiple electrode aggregometry.

Table 5. Correlation between standard tests of coagulation and clot formation time in INTEM and EXTEM.

 

Test solution INTEM clot formation time 

Fibrinogen Platelets MEA 

Baseline (Undiluted) –0.15 ± 0.08 –0.21 ± 0.07* 0.01 ± 0.01 

Plasmalyte® –0.21 ± 0.07* –0.19 ± 0.09* 0.00 ± 0.01 

Voluluye® –0.55 ± 0.09* –0.26 ± 0.10* 0.01 ± 0.02 

Geloplasma® –0.32 ± 0.08* –0.27 ± 0.09* –0.01 ± 0.01 

 EXTEM clot formation time 

Fibrinogen Platelets MEA 

Baseline (Undiluted) –0.28 ± 0.07* –0.18 ± 0.06* 0.00 ± 0.01 

Plasmalyte® –0.24 ± 0.06* –0.26 ± 0.07* 0.00 ± 0.01 

Volulyte® –0.41 ± 0.09* –0.21 ± 0.09* 0.00 ± 0.02 

Geloplasma® –0.27 ± 0.08* –0.24 ± 0.09* –0.00 ± 0.01 

 
Values given are coefficients of regression ± its standard errors by least squares multiple regression analysis; *P< 0.05; MEA, multiple
electrode aggregometry.

Table 6. Multiple regression analysis for association between standard laboratory tests of coagulation and clot formation time in
INTEM and EXTEM.

 

Test solution INTEM amplitude in 10 min 

Fibrinogen Platelets MEA D-dimers 

Baseline (Undiluted) 0.62* 0.51* –0.13 –0.74* 

Plasmalyte® 0.51* 0.37* 0.30 –0.50 

Volulyte® 0.70* 0.43* 0.09 –0.52* 

Geloplasma® 0.54* 0.30 0.20 –0.14 

 EXTEM amplitude in 10 min 

Fibrinogen Platelets MEA D-dimers 

Baseline (Undiluted) 0.74* 0.43* –0.05 –0.78* 

Plasmalyte® 0.52* 0.43* 0.34 –0.56* 

Volulyte® 0.74* 0.46* 0.08 –0.54* 

Geloplasma® 0.55* 0.29 0.05 –0.19 

 
Values given are Spearman rank correlation coefficients; *P< 0.05; MEA, multiple electrode aggregometry.

Table 7. Correlation between standard tests of coagulation and amplitude in 10 min in INTEM and EXTEM.



642

 

Test solution INTEM amplitude in 10 min 

Fibrinogen Platelets MEA D-dimers 

Baseline (Undiluted) 0.06 ± 0.05 0.04 ± 0.02 0.00 ± 0.01 1.87 ± 15.80 

Plasmalyte® 0.03 ± 0.02 0.06 ± 0.03 0.00 ± 0.00 –0.24 ± 2.31 

Volulyte® 0.05 ± 0.02* 0.06 ± 0.02* 0.00 ± 0.00 1.51 ± 2.23 

Geloplasma® 0.04 ± 0.03 0.02 ± 0.03 0.00 ± 0.00 –1.76 ± 3.66 

 EXTEM amplitude in 10 min 

Fibrinogen Platelets MEA D-dimers 

Baseline (Undiluted) 0.11 ± 0.07 0.03 ± 0.03 0.00 ± 0.01 –4.65 ± 22.46 

Plasmalyte® 0.03 ± 0.02 0.07 ± 0.02* 0.00 ± 0.00 –0.47 ± 1.96 

Volulyte® 0.08 ± 0.03* 0.05 ± 0.02 0.00 ± 0.00 1.05 ± 2.87 

Geloplasma® 0.07 ± 0.02* 0.04 ± 0.03 0.00 ± 0.00 0.01 ± 3.44 

 
Values given are coefficients of regression ± its standard errors by least squares multiple regression analysis; *P< 0.05; MEA, multiple
electrode aggregometry.

Table 8. Multiple regression analysis for association between standard laboratory tests of coagulation and amplitude in 10 min in
INTEM and EXTEM.

 

Test solution INTEM maximum clot firmness 

Fibrinogen Platelets MEA D-dimers 

Baseline (Undiluted) 0.60* 0.32 –0.19 –0.76* 

Plasmalyte® 0.56* 0.27 0.29 –0.46 

Volulyte® 0.65* 0.37* 0.18 –0.48 

Geloplasma® 0.59* 0.18 0.20 –0.09 

 EXTEM maximum clot firmness 

Fibrinogen Platelets MEA D-dimers 

Baseline (Undiluted) 0.70* 0.33 –0.15 –0.83* 

Plasmalyte® 0.49* 0.36* 0.36* –0.59 

Volulyte® 0.73* 0.41* 0.187 –0.47 

Geloplasma® 0.63* 0.21 0.11 –0.20 

 
Values given are Spearman rank correlation coefficients; *P< 0.05; MEA, multiple electrode aggregometry.

Table 9. Correlation between standard tests of coagulation and maximum clot firmness in INTEM and EXTEM.

 

Test solution INTEM maximum clot firmness 

Fibrinogen Platelets MEA D-dimers 

Baseline (Undiluted) 0.03 ± 0.08 0.00 ± 0.04 –0.00 ± 0.01 –18.81 ± 28.73

Plasmalyte® 0.03 ± 0.03 0.07 ± 0.04 0.00 ± 0.00 0.02 ± 3.43 

Volulyte® 0.04 ± 0.02 0.05 ± 0.02* 0.01 ± 0.00 2.54 ± 2.48 

Geloplasma® 0.05 ± 0.03 0.03 ± 0.03 0.00 ± 0.00 0.92 ± 4.14 

 EXTEM maximum clot firmness 

Fibrinogen Platelets MEA D-dimers 

Baseline (Undiluted) 0.07 ± 0.08 –0.00 ± 0.04 –0.00 ± 0.01 –23.20 ± 28.73

Plasmalyte® 0.02 ± 0.02 0.06 ± 0.03 0.00 ± 0.00 –0.43 ± 2.70 

Volulyte® 0.07 ± 0.02* 0.05 ± 0.02* 0.01 ± 0.00 2.34 ± 2.45 

Geloplasma® 0.06 ± 0.02* 0.04 ± 0.03 0.00 ± 0.00 1.13 ± 3.38 

 
Values given are coefficients of regression ± its standard errors by least squares multiple regression analysis; *P< 0.05; MEA, multiple
electrode aggregometry.

Table 10. Multiple regression analysis for association between standard laboratory tests of coagulation and maximum clot firmness in
INTEM and EXTEM.



DISCUSSION

In this experimental in vitro study we performed
comprehensive analyses of relationships between commonly
used standard plasma based laboratory tests and whole blood
ROTEM and MEAfunctional parameters of coagulation for
undiluted blood samples and samples mixed with study
solutions. We failed to prove that standard tests are equally
useful as functional tests of coagulation in patients undergoing
moderate blood dilution with balanced intravenous solutions.
However, fibrinogen concentration may serve as the best
indicator of coagulation abnormalities: fibrinogen concentration
obtained using both the Claus method and the ROTEM FIBTEM
test would produce similar results.

We also confirmed that AA and CFTwere influenced by
number of platelets. From a practical point of view, the strength
of our study is to show that platelet number and fibrinogen
concentration constitute good alternatives to ROTEM tests in
diagnosing coagulopathy.

Functional assessment of coagulation is based on
viscoelastic tests performed on a whole blood sample, usually
as point-of-care thromboelastometry or thromboelastography.
The turnaround time for SLTs is significantly longer compared
to the former tests, in certain environments exceeding one hour
(21) or even reaching 108 min (22), whereas for functional
tests first results are obtained after approximately 10 min after
blood withdrawal (23). Whole blood functional tests of
coagulation give insight into the clot formation phase and
beyond, which is dependent on coagulation factors, platelets
and a variety of substances affecting their function (24), local
pH, temperature, concentration of ionic calcium, whereas
standard tests measure coagulation solely up to the moment of
clot formation (25). The viscoelastic tests provide
comprehensive information on activation, propagation and

resolution of the clot, important issues in management of acute
traumatic coagulopathy (26).

Our findings are in line with previous studies. Rotational
thromboelastometry has diagnostic accuracy of at least 70% in
diagnosing thrombocytopenia and fibrinogen deficiency (27).
Fast assessment of clot amplitude, obtainable as soon as after 5
min, may be powerful in this context (28). As showed by Vucelic
et al., FIBTEM-MCF might help diagnose fibrinogen deficiency
or derangements of fibrin polymerization (29), and there might be
poor correlation between other standard and functional
parameters of coagulation. Hagemo et al. showed good
sensitivity of fibrinogen concentration as determined by Clauss
method in diagnosing acute traumatic coagulopathy and risk of
massive bleeding (sensitivity of 84.2% for fibrinogen
concentration threshold of 1.48 g/L), performing comparable
with EXTEM amplitude after 5 min (A5) (sensitivity of 72.7%
for A5 ≤ 40mm) and FIBTEM maximum clot firmness (MCF)
(sensitivity of 77.5% for MCF ≤ 7mm), the most representative
ROTEM parameters of acute traumatic coagulopathy (30). In
cardiac surgery it was confirmed that FIBTEM-derived measures
correlated with fibrinogen concentration (31, 32). Apart from
fibrinogen concentration also other SLTs, namely International
Normalized Ratio (INR), may be used to stratify the risk of
massive transfusion, defined by the authors as a need to transfuse
at least two red blood cells packages over 24 hours (23).

Additionally, we showed differences between test solutions,
as far as correlations between SLTs and functional parameters of
coagulation are concerned. The positive correlation coefficient
between aPTTand INTEM CTas well as between fibrinogen
concentration and INTEM AA was stronger for synthetic
colloids compared to balanced crystalloid. The negative
correlation between fibrinogen concentration and INTEM CFT
was stronger for synthetic colloids compared to balanced
crystalloid.
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Test solution  Baseline 

(Undiluted) 

Plasmalyte® Volulyte® Geloplasma

® 

Number of platelets  

Baseline (Undiluted) 

M
E

A
 T

R
A

P
 

0.44 0.03 0.05 0.18 

Plasmalyte® 0.21 0.26 0.31 0.19 

Volulyte® 0.19 0.20 0.29 –0.03 

Geloplasma® 0.09 0.16 0.17 0.16 

 
Values given are Spearman rank correlation coefficients; All P > 0.05 (non-significant); MEA, multiple electrode aggregometry, TRAP,
thrombin receptor activating protein-6.

Table 11. Correlation between number of platelets and function of platelets as evidenced by multiple electrode aggregometry.

 

Test solution  Baseline 

(Undiluted) 

Plasmalyte® Volulyte® Geloplasma®

Maximum clot elasticity   

Baseline (Undiluted) 

M
E

A
 T

R
A

P
 

0.05 –0.03 –0.13 –0.13 

Plasmalyte® 0.28 0.38* 0.28 0.36* 

Volulyte® 0.22 0.28 0.18 0.24 

Geloplasma® 0.34 0.23 0.07 0.13 

 
Values given are Spearman rank correlation coefficients; *P< 0.05; MEA, multiple electrode aggregometry; TRAP, thrombin receptor
activating protein-6.

Table 12. Correlation between function of platelets as evidenced by multiple electrode aggregometry TRAP and maximum clot
elasticity as evidenced by ROTEM.



Study limitations

Several limitations should be taken into account in data
interpretation. Firstly, in this ex vivo setting we were unable to
assess real impact of fluids on individual haemostasis, which may
significantly differ between patients, is dynamic and multifactorial
in nature. Hemostasis in general might be affected by a plethora of
factors, both acquired and genetic (33). Secondly, thrombin
generation during the clot initiation phase remain directly related to
fibrin formation and activation of platelets, however in dilutional
coagulopathy it may differ between individuals (34). Formation of
thrombus is dependent on balance between prothrombotic factors
and fibrinolysis (35). Therefore, our in vitro results should be
interpreted with caution and an in vivo assessment should be
performed to verify this interesting effect. Additionally, the dose of
solution we used (15 mL/kg) might have been insufficient be
insufficient to detect differences that we used between solutions.
Noteworthy, changes in haematocrit may affect the correlation
between plasma FIB and FIBTEM MCF results (36, 37). We did
not assessed the effect of 0.9% NaCl on coagulation, which is the
most commonly used solution and may differ both qualitatively
and quantitatively (37). Finally, we recruited only men as study
subjects, what might have implications when trying to apply the
results to female population.

ROTEM results are influenced mainly by fibrinogen
concentration and platelet count. When there is no access to
functional tests (ROTEM/TEG), concentration of fibrinogen is
the most reliable test of coagulation, also in the context of fluid-
induced coagulopathy. From the practical point of view, the
strength of our study is to show that fibrinogen concentration
and number of platelets have maintained its diagnostic role in the
setting of dilutional coagulopathy.
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