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The effect of hyperglycemia on blood coagulation:
In vitro, observational healthy-volunteer study
using rotational thromboelastometry (ROTEM)
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Abstract
We performed a study to investigate whether contamination of hemostasis samples with a glucose-containing solution might
generate spurious results in rotational thromboelastometry (ROTEM) tests.
Venous blood was taken from 12 healthy volunteers and divided into 4 specimen bottles, which were contaminated with different

concentrations (0%, 5%, 10%, and 20%) of glucose solution.
Significant lengthening of INTEMCT was observed in the 10% and 20% groups compared with baseline values (7.7% and 9%, P=

0.041 and P=0.037, respectively). INTEMCFT increased by 20.1% in the 20% group (P=0.005). INTEMa-angle and INTEMMCF

decreased by 3.9% and 2.7%, respectively, in the 20% group (P=0.010 and P=0.049, respectively). EXTEMCFT was prolonged
significantly, by 10.2%, 15.5%, and 25.6%, in the 5%, 10%, and 20% groups, respectively (P=0.004, P<0.001, and P<0.001,
respectively). EXTEMa-angle decreased significantly by 1.9%, 3.2%, and 4.0% in the 5%, 10%, and 20% groups, respectively (P=
0.014, P=0.001, and P=0.005, respectively). EXTEMMCF decreased by 3.4% in the 20% group (P=0.023). FIBTEMMCF decreased
by 9.2% and 17.5% in the 10% and 20% groups, respectively (P=0.019 and P=0.021, respectively). A significant correlation was
observed between standard glucose solution contamination in the specimens and percentage variation of EXTEMCFT, EXTEMMCF,
and FIBTEMMCF.
To obtain accurate data from the ROTEM test regarding the hemostatic status of patients, specimens with suspected or known

contamination should not be analyzed.

Abbreviations: CFT = clot formation time, CT = clotting time, MCF = maximum clot firmness, ROTEM = rotational
thromboelastometry.
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1. Introduction

Blood coagulation analysis is very important for resuscitationwith
fluid and blood components in critical situations, especially in
patients injured by multiple trauma or operated on with massive
bleeding, because accurate information about the hemostatic
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status of patients can contribute to guiding appropriate manage-
ment and improving the patients’ outcome.[1,2] Ideally, real-time
monitoring of hemostasis is helpful for treating coagulopathy;
however, conventional hemostatic test results are available about
60minutes after blood sampling.[3]

Rotational thromboelastometry (ROTEM; Tem Internation-
al GmbH, Munich, Germany), which is known as a point-of-
care (POC) tool, can detect coagulation cascade abnormalities
very rapidly and provides comprehensive assessment of the
patient’s hemostatic status.[4–6] ROTEM test results have also
been used to guide coagulation therapy.[7–9] In recent years, a
number of articles have reported the usefulness of ROTEM as a
POC device in numerous clinical situations such as
emergency care, cardiovascular surgery, liver transplantation,
trauma surgery, and septic disseminated intravascular
coagulation.[7,10–13]

In critical care, patient management is performed aggressively,
and numerous fluids and monitoring devices are established, such
as arterial line placement. Therefore, the risks of blood sampling
errors (e.g., collection of blood from the same limb where
intravenous fluid is being administered or the risk of blood
sample contamination from wrong arterial line infusions such as
glucose-containing fluid) still exist.[14] Recently, Lippi et al[15]

reported that contamination of blood samples with glucose could
cause spurious results in conventional coagulation tests including
prothrombin time (PT), activated partial thromboplastin time
(aPTT), and fibrinogen concentration.
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For this reason, we performed a study to investigate whether
contamination of blood samples with a standard glucose solution
might generate spurious results in the ROTEM tests: INTEM,
EXTEM, and FIBTEM.
2. Methods

This study was approved by the Institutional Review Board at
Seoul National University Bundang Hospital (Seongnam-si,
South Korea, approval on December 15, 2015, B-1512/326-
301), this observational study was registered in the Clinical
Research Information Service (CRiS, http://cris.nih.go.kr,
KCT0001749). Written informed consent was obtained from
12 healthy volunteers (5 males and 7 females) who had not been
taking medications known to interfere with hemostasis such as
anticoagulants, antiplatelets, or nonsteroidal antiinflammatory
drugs. All volunteers fasted for 6hours before blood sampling.
In total, 12mL of fresh venous blood was obtained from an

antecubital vein and placed in citrate-containing polypropylene
tubes (Vacutainer, Becton Dickinson, Plymouth, UK). A 2-
syringe sampling technique was used to avoid tissue thrombo-
plastin contamination of blood specimens. The 1st blood sample
was discarded, and then the study blood sample was taken
immediately. Based on the study protocol of Lippi et al,[15] the
collected specimens were pooled and then divided into 4 bottles
of 2.0mL each. To create final contamination levels of 0%, 5%,
10%, and 20%, 100, 200, and 400mL of a standard 5% glucose
solution (50g glucose monohydrate in 1000mL water, 278
mOsm/L; JW Pharmaceutical, Seoul, South Korea) was added to
3 bottles, respectively, and 1 sample was used as a control
(baseline). The individual mixing process was performed about 5
minutes before the ROTEM analysis.
ROTEM analyses were conducted according to the manu-

facturer’s recommendations. We obtained the following 4
ROTEM parameters: clotting time (CT), clot formation time
(CFT), a-angle, and maximum clot firmness (MCF). INTEM and
EXTEM values, which offer information on the intrinsic and
extrinsic pathway, respectively, were assessed using the recom-
mended reagents (in-TEM: 0.2M CaCl2 20mL and thrombo-
plastin-phospholipid 20mL; ex-TEM: 0.2M CaCl2 20mL and
Table 1

ROTEM parameters and glucose levels (n=12).

Reference values 0%

INTEM
CT, s 100–240 176.7 (24.4) 18
CFT, s 30–110 79.1 (13.8) 8
a, ° 70–83 74.5 (2.7) 7
MCF, mm 50–72 58.8 (3.7) 5

EXTEM
CT, s 38–79 67.9 (8.4) 6
CFT, s 34–159 73.7 (11.4) 8
a, ° 63–83 74.9 (2.2) 7
MCF, mm 50–72 62.4 (4.3) 6

FIBTEM
MCF, mm 9–25 11.3 (2.3) 1

Glucose, mmol/L 3.6 (0.9) 1
Glucose, mg/dL 64 (16) 2

Data are expressed as mean (SD).
∗
P<0.05 versus baseline (0%).

a=a-angle, CFT= clot formation time, CT=clotting time, MCF=maximum clot firmness, ROTEM= ro

2

tissue factor 20mL). The change of fibrin polymerization was
examined using a FIBTEM test with the fib-TEM reagent (0.2M
CaCl2 20mL with cytochalasin D and tissue factor 20mL).
Data were analyzed using SPSS forWindows software (ver. 22;

IBM Corp., Armonk, NY). All continuous data were assessed for
normality using the Shapiro–Wilk test. Repeated measures
analysis of variance test was used to compare the baseline values
with values after glucose contamination. Pearson correlation
coefficient was used to determine the correlation between the
degree of glucose contamination and the percentage changes.
Data are expressed as means (SD). A P-value less than 0.05 was
considered to indicate statistical significance.
3. Results

Measured plasma glucose concentrations increased with increas-
ing glucose contamination (Table 1). With increasing glucose
contamination, ROTEM parameters showed a hypocoagulable
pattern as follows (Table 1): prolonged CT and CFT values, and
decreased a-angle and MCF values. Significant lengthening of
INTEMCT was observed in the 10% and 20% contamination
groups compared with baseline values (7.7% and 9%, P=0.041
and P=0.037, respectively) (Fig. 1A). INTEMCFT was signifi-
cantly increased, by 20.1%, in the 20% contamination group
(P=0.005) (Fig. 1A). INTEMa-angle and INTEMMCF were
significantly decreased, by 3.9% and 2.7%, respectively, in the
20% contamination group (P=0.010 and P=0.049, respective-
ly) (Fig. 1A). EXTEMCFT was prolonged significantly, by 10.2%,
15.5%, and 25.6%, in the 5%, 10%, and 20% contamination
groups, respectively (P=0.004, P<0.001, and P<0.001,
respectively) (Fig. 1B). EXTEMa-angle decreased significantly,
by 1.9%, 3.2%, and 4.0%, in the 5%, 10%, and 20%
contamination groups, respectively (P=0.014, P=0.001, and
P=0.005, respectively) (Fig. 1B). EXTEMMCF was significantly
decreased, by 3.4%, in the 20% contamination group (P=0.023)
(Fig. 1B). FIBTEMMCF was significantly decreased, by 9.2% and
17.5%, in the 10% and 20% contamination groups, respectively
(P=0.019 and P=0.021, respectively) (Fig. 1C).
A significant correlation was observed between standard

glucose solution contamination in the specimens and percentage
Glucose solution contamination

5% 10% 20% P

3.4 (25.3) 189.3 (26.6)
∗

191.9 (29.7)
∗

0.025
3.5 (10.9) 79.8 (11.6) 94.3 (18.4)

∗
0.005

4.3 (1.9) 74.2 (1.9) 71.6 (3.3)
∗

0.002
9.3 (3.4) 58.9 (3.0) 57.1 (3.0)

∗
0.006

6.7 (6.1) 68.5 (6.5) 69.5 (7.2) 0.804
0.9 (12.9)

∗
84.7 (14.6)

∗
92.4 (18.5)

∗
<0.001

3.5 (2.5)
∗

72.5 (2.8)
∗

71.9 (3.7)
∗

<0.001
1.9 (3.2) 61.6 (3.4) 60.2 (3.3)

∗
0.007

1.1 (1.7) 10.1 (1.7)
∗

9.1 (2.2)
∗

0.001
3.3 (0.8)

∗
22.2 (1.8)

∗
41.3 (1.7)

∗
<0.001

40 (14)
∗

400 (32.4)
∗

744 (10.6)
∗

<0.001

tational thromboelastometry, SD= standard deviation.

http://cris.nih.go.kr/


Figure 1. Percentage change from preoperative values for ROTEM parameters: (A) INTEM, (B) EXTEM, and (C) FIBTEM; 5% (black), 10% (pale grey), and 20%
(dark gray) diluted groups. Values are means (SD).

∗
Significant differences from 5% diluted group (P<0.05). a=a-angle (°), CFT=clot formation time (second),

CT=clotting time (second), MCF=maximum clot firmness (mm), ROTEM = rotational thromboelastometry.
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variation of EXTEMCFT, EXTEMMCF, and FIBTEMMCF

(Fig. 2A–C, respectively).

4. Discussion

Interesting findings were observed in the present study regarding
the effect of acute hyperglycemic contamination on the blood
coagulation profile analyzed with ROTEM. All coagulation
pathways, including the intrinsic, extrinsic, and fibrinolytic
systems, seemed to be impaired with increasing glucose
contamination.
Volume replacement therapy is one of the most common

clinical practices, and various fluids (e.g., crystalloid and colloids)
and blood components (e.g., red blood cells, fresh frozen plasma)
are generally used. Laboratory findings play an important role in
establishing the plan of resuscitation, transfusion, or fluid
therapy. In particular, monitoring the change of hemostatic
profiles is essential to guide appropriate management of massive
bleeding, disseminated intravascular coagulation, or coagulop-
athy of unknown origin.
There are several reports related to the risk of errors during

blood collection[14,16] and the effect of blood sample contamina-
tion with glucose-containing solutions on the interpretation of
chemistry parameters.[17] Conventional coagulation tests could
also show spurious results because of iatrogenic acute hypergly-
cemia caused by hemodilution with a glucose-containing
solution.[15] Lippi et al[15] performed an in vitro study of the
relation between glucose contamination and results of conven-
tional coagulation testing. They reported that the value of PT was
prolonged (hypocoagulable pattern), and aPTT (hypercoagulable
pattern) and fibrinogen concentration were decreased with
increasing glucose contamination. PT, aPTT, and fibrinogen
concentration represent the extrinsic, intrinsic, and fibrinolytic
3

pathways in the coagulation cascade, respectively. On the other
hand, in the present study, INTEM, EXTEM, and FIBTEM
parameters showed a hypocoagulable pattern. These conflicting
results in the extrinsic coagulation pathway (PT vs EXTEM)
might be due to the different techniques used to measure the
blood coagulation state. Hemostasis is modulated by various
factors such as platelet function, tissue factor, and procoagulant
factors.[18] Because the conventional coagulation test is per-
formed using the patient’s plasma, it cannot reflect the complexity
of the hemostatic process. In contrast, ROTEM analyses the
viscoelasticity of whole blood and interprets the interaction of
various factors participating in hemostasis. Another possible
causal factor that may explain the difference in changes between
PT and EXTEM is the inconsistent turnaround time (time delay
from blood sampling to laboratory analysis). In the present study,
we performed the ROTEM test within 10minutes after blood
sampling. Nevertheless, the important point of our report, and of
that by Lippi el al, is that glucose contamination of blood samples
could cause interpretation errors in both the conventional test
and ROTEM. Therefore, blood samples suspected of contami-
nation should not be analyzed.
Two possible factors contributing to the results of the present

study can be suggested. The 1st is the effect of hemodilution on
blood coagulation. In general, crystalloids such as saline and
lactated Ringer solution could induce a hypercoagulable state in
the patient.[19–21] On the other hand, hemodilution with
hydroxyethyl starches (HESs) could cause hypocoagulabil-
ity.[22,23] Starch is a carbohydrate consisting of long chains of
glucose units.[24] AlthoughHES and 5%glucose solution differ in
composition, they might exert similar hemodilution effects on
blood coagulation as fluid solutions. The 2nd consideration is the
glucose effect per se on blood coagulation. There are various
results regarding the effect of acute hyperglycemia on the

http://www.md-journal.com


Figure 2. Correlations between the standard glucose solution contamination in the specimens and percentage variation of ROTEM parameters: (A) EXTEMCFT (R=
0.9860, P=0.0140), (B) EXTEMMCF (R=0.9855, P=0.0145), and (C) FIBTEMMCF (R=0.9705, P=0.0295). CFT=clot formation time, MCF=maximum clot
firmness, ROTEM= rotational thromboelastometry.
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coagulation cascade. In an animal study, acute moderate
hyperglycemia (10.0–13.3mmol/L) maintained for 6hours did
not show a detectable influence on blood coagulation as
measured by ROTEM.[25] In an in vivo study, platelets and
endothelial cells were not activated during 6hours of hypergly-
cemia with concentrations of 11.1 and 16.7mmol/L in healthy
volunteers.[26] In contrast, hyperglycemia produced increases in
tissue factor procoagulant and platelet activity in healthy
volunteers.[27] Our ROTEM results indicated a hypocoagulable
state. These conflicting findings might be explained as follows.
First, our study was conducted in the hyperacute hyperglycemic
state (i.e., within 10minutes). In contrast, other studies were
performed about 6 or 24hours after the hyperglycemic
condition.[25–27] Therefore, there is a possibility that our study
may not reflect the glucose effect on the coagulation cascade
during 6 or 24hours. Second, we evaluated only the hyperglyce-
mic effect on blood coagulation. However, not only hyperglyce-
mia but also hyperinsulinemia are the hallmarks of type 2
diabetes mellitus. Vaidyula et al[27] reported that exposure to
combined hyperglycemia/hyperinsulinemia caused an approxi-
mate 9-fold rise in circulating tissue factor procoagulant activity.
Similarly, Meigs et al[28] demonstrated that an elevated level of
fasting insulin is related to impaired fibrinolysis and hypercoag-
ulability.
Our study has a few limitations. First, the number of sample

was small (12 volunteers). Although, there were significant
findings in relation between glucose contamination and the
ROTEM values in the present study, further study would be
needed to show more potent findings. Second, the study
population consisted mostly of young adults (mean age: 32
years). To extent our findings to the general population, further
studies will be required aimed at clarifying the role of age on the
effect of glucose contamination in blood coagulation analysis.
4

In conclusion, this study showed that hemostatic analysis could
be influenced by contamination with a glucose-containing
solution that resulted in hemodilution and a hyperglycemic state
of a blood sample, as judged by ROTEM. To obtain accurate
data from the ROTEM test regarding the hemostatic status of
patients, blood samples suspected of contamination should not
be analyzed.
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