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(Abstract

N

Objective: To investigate the use of two different brands of sodium citrate vacuum blood collection tubes in determining the
parameters of thromboelastography in patients with congenital dysfibrinogenemia (CD).

Methods: Venous blood specimens of 21 CD patients and 43 healthy controls were collected using Ruiqi or BD sodium citrate
vacuum blood collection tubes. Thromboelastogram parameters (R, CI, fibrinolysis at 30 min after maximum amplitude [LY30],
angle, and K) were compared using independent sample t test for comparing the means between the two groups.

Results: Significant differences were found between CD patients and healthy controls in R, LY 30, and CI when blood was col-
lected using the Ruiqi vacuum blood collection tube; and in R and CI, with BD vacuum blood collection tube (P<0.05). Compar-
ing between Ruiqi and BD vacuum blood collection tubes, significant differences occurred in R, angle, and CI in CD patients
(P<0.05); and in R, K, angle, LY 30, and CI in healthy controls (P<0.05).

Conclusion: The comparability of R, angle, and CI measured in CD patients was poor when using Ruiqi and BD sodium citrate
vacuum blood collection tube for thromboelastogram; therefore, a suitable sodium citrate vacuum blood collection tube should

be chosen for assessing the risk of bleeding or thrombosis in patients with CD.
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Introduction

Congenital Dysfibrinogenemia (CD), a qualitative disorder
of fibrinogen, results from an abnormal fibrinogen molecular
structure, and leads to dysfunctional blood coagulation. Its
clinical manifestations are significantly heterogeneous, and in-
clude: no clinical symptoms, bleeding, or thrombosis. Female
patients can also manifest with menorrhagia, placental abrup-
tion, repeated miscarriages, or abnormal postpartum bleeding
[1]. Presently, there are limited literatures on CD treatment;
therefore, the Hemophilia Centre Physicians’ Organization in
the UK suggested a personalized treatment for CD, based on
personal and family history [2]. For patients with personal or
family history of thrombosis, low-molecular-weight heparin
should be used for thromboprophylaxis. When bleeding oc-
curs, fibrinogen infusion can be administered. If there is no
evidence of bleeding or thrombosis, no special treatment is
required except close observation and monitoring [3,4]. There-
fore, accurate assessment of the risk of bleeding and throm-
botic events in CD patients is key to treatment.
Thromboelastogram (TEG) is a method used for assessing the

global hemostatic and fibrinolytic function. TEG simulates the
human body environment, activates the coagulation system,
and dynamically analyzes the whole process of blood clot for-
mation, fibrin clot dissolution, clot firmness, and elasticity, via
the thromboelastographic instrument [5]. Compared with the
routine coagulation test, TEG provides a more comprehensive
assessment of the body’s coagulation function. Currently, TEG
plays an important role in guiding blood transfusion in trauma
patients or pre-operatively [6,7], and its application in CD pa-
tients has gradually been promoted [8-10]. In order to provide
more clinically accurate and reliable results, the quality control
of TEG measurement is particularly important. The selection
of vacuum blood collection tube is an important part of the
quality control measures, before the experimental analysis.
Therefore, in this study, using two different brands of sodium
citrate vacuum blood collection tubes, TEG parameters were
compared to determine the suitable vacuum blood sample col-
lection tube to use in collecting blood to measure TEG and to
accurately assess the risk of bleeding or thrombotic events in
CD patients.
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Materials and Methods

Study participants and study setting

Twenty-one patients diagnosed with CD in our hospital and
43 healthy controls were included in this study. The blood cell
counts of the participants were normal; the liver and kidney
functions were normal. None of the participants had diseases
of the blood system, and none had recently used drugs that
could affect the coagulation and anticoagulation systems.
Instruments and Reagents

Thromboelastometer Zy5000 and supporting reagents were
supplied by Yi Zeyu Company (Shanxi Yuzeyi Medical Tech-
nology Co., Ltd.CN) and two lots of sodium citrate vacuum
tubes were obtained from Ruiqi (Chengdu Ruiqi Technology
Industrial Co., Ltd.CN) and BD(BectonDickinson, New Jer-
sey, USA). The sodium citrate concentrations in both tubes
were 3.2% (equivalent to 0.109 mol/L), respectively, and the
ratio of the anticoagulant to blood was 1:9.

Procedure

After obtaining informed consent from each participant, SmL
fasting venous blood was collected, 1.8mL was loaded into the
Ruiqi vacutainer tube, and 2.7mL was loaded into the BD va-
cutainer tube. The specimen was reversed 5-8 times and fully
mixed, and the thromboelastogram was determined within 2
hours.

Statistical analysis

Data, expressed as the meantstandard deviation (x+s), were
analyzed by IBM SPSS Statistics for Windows, version
22.0(IBM Corp., Armonk, N.Y., USA). Independent sample t
test was used to compare the means between the two groups
(CD patients and healthy controls). The paired t test was used
to compare data for the paired design. P<0.05 was regarded as
statistically significant.

Results

Significant differences were found between CD patients and
healthy controls in reaction time (R), fibrinolysis at 30 min af-
ter maximum amplitude (LY30), and coagulation index (CI)
when blood was collected using Ruiqi vacutainer tube for
blood collection; and R and CI when using BD vacutainer tube
(P<0.05, Table 1).

R, angle, and CI were significantly different between using
Ruiqi and BD vacutainer tubes for blood sample collection in

CD patients (P<0.05, Table 2); and R, K, angle, LY30, and CI
between using Ruiqi and BD vacutainer tubes in healthy con-
trols (P<0.05, Table 3).

Discussion

CD is characterized by blood coagulation dysfunction induced
by abnormal fibrinogen molecular structure. Fibrinogen plays
an important role in the coagulation process; first, throm-
bin recognizes and cleaves to the peptide bond of fibrinogen
AoArgl6-Gly17 and BBArgl4-Glyl5, and releases fibrin pep-
tides A and B from the Ao and Bf chains, respectively to form
fibrin monomers. Second, fibrin monomers aggregate to form
a soluble fibrin gel. Finally, with the help of coagulation fac-
tor XIII and calcium, it is further cross-linked to form a sta-
ble fibrin clot. The physical properties of the blood clot (rate,
hardness, and stability) will determine whether the patient has
normal coagulation function or whether there will be bleeding
or thrombosis [11,12]. TEG is an indicator that reflects the dy-
namic changes in blood coagulation, including the formation
speed of fibrin, the dissolution state, the firmness and elasticity
of coagulation. Therefore, it is widely used in the screening of
various coagulation abnormalities pre- and post-operatively, to
guide blood transfusion and medication [13]. It has also been
widely used for the screening in CD diseases. It is of great
value in the diagnosis, differential diagnosis, and evaluation of
the coagulation status of CD patients, and provides more ac-
curate information for the therapy of CD patients [14,15]. TEG
can also be used to assess the risk of obstetric complications
in women with dysfibrinogenemia (or hypodysfibrinogenemia)
in the non-pregnant state [8]. Therefore, choosing a suitable
vacutainer tube for TEG measurement and obtaining accurate
and reliable experimental results are necessary for assessing
the risk of bleeding or thrombosis in CD patients.

In this study, we used both Ruiqi and BD sodium citrate anti-
coagulation tubes to collect venous whole blood from CD pa-
tients and healthy controls for TEG measurement. The main
monitoring indicators included R, K, angle, minimum ampli-
tude (MA), LY30, and CI. When the Ruiqi vacutainer tube was
used, significant differences were found in R, LY30, and CI
between CD patients and healthy controls. When the BD vacu-
tainer tube was used, differences occurred in R and CI between
CD patients and healthy controls. The results showed that

Table 1: Comparison between TEG parameters measured in CD patients and healthy controls when using the same brand of blood

collection tubes.

Parameters Groups Ruiqi vacutainer BD vacutainer
mean+SD p mean+SD t p
R(min) CD patients 3.305+0.5239 3.809 0.001 5.762+1.1973 3.825 0.001
Healthy controls 4.286+1.0575 7.8574+2.2065
K(min) CD patients 2.238+0.9882 0.617 0.541 2.433+0.7851 1.546 0.13
Healthy controls 2.463+1.3460 3.28142.3863
Angle(deg) CD patients 62.857+8.2198 -0.725 0.473 57.186+8.0265 -0.992 | 0.327
Healthy controls 60.833+9.8024 53.705+13.9267
MA(mm) CD patients 59.733+8.2900 -1.076 0.288 61.314+9.6469 -1.565 | 0.125
Healthy controls 56.971+8.3411 56.81+8.9916
LY30(%) CD patients 0.124+0.2047 4.813 0 0.1+0.2145 2.051 0.052
Healthy controls 1.081+0.8880 0.529+0.9117
CI CD patients 1.381£1.8758 -2.034 0.049 -0.619+1.9446 -2.518 | 0.018
Healthy controls 0.033+2.3880 -3.029+3.9305

TEG, thromboelastogram,; CD, congenital dysfibrinogenemia; R, reaction time; K, K time; MA, maximum amplitude; LY30, fibrino-

lysis at 30 min after maximum amplitude,; CI, coagulation index
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Table 2: Comparison of TEG parameters in CD patients using

Table 3: Comparison of TEG parameters in healthy controls

the two brands of blood collection tubes.

Parameters | Brands Mean+SD t p

Ruigi 3.305+0.5239
A vacutainer

R(min) -10.59 | 0
BD vacutainer 5.762+1.1973
Ruigi 2.238+0.9882

. vacutainer

K(min) -1.927 | 0.068
BD vacutainer 2.433+0.7851
Ruigi 62.857+8.2198
vacutainer

Angle(deg) 3.923 0.001
BD vacutainer 57.186+8.0265
S;éjt‘ainer 59.733+8.2900

MA(mm) -1.306 0.207
BD vacutainer 61.314+9.6469
Ruigi 0.124+0.2047

LY30(%) vacutainer 0.258 0.799
BD vacutainer 0.1+0.2145
ssc‘gzamer 1.38141.8758

CI 8.198 0
BD vacutainer -0.619+1.9446

using the two brands of blood collection tubes.

Parameters | Brands Mean+SD t P
Ruigi 4.286+1.0575
vacutainer

R(min) 7652 | 0
BD vacutainer 7.857+2.2065
VR;‘;jt‘ainer 2.4631.3460

K(min) 2.643 | 0.016
BD vacutainer 3.281+2.3863
Ruiqi 60.8339.8024
vacutainer

Angle(deg) 3.607 | 0.002
BD vacutainer 53.705+13.9267
Ruigi 56.971+8.3411
vacutainer

MA (mm) 0.146 | 0.886
BD vacutainer 56.81+8.9916
vR;cljtlainer 1.0810.8880

LY30(%) 2.38 0.027
BD vacutainer | 0.529+0.9117
R
;::‘q:ainer 0.033+2.3880

CI ED“ 5052 |0

. -3.029+3.9305

vacutainer

TEG, thromboelastogram, CD, congenital dysfibrinogenemia; R, re-
action time, K, K time; MA, maximum amplitude; LY30, fibrinolysis at
30 min after maximum amplitude; CI, coagulation index

when the same sodium citrate vacuum blood collection tube
was used, the R, measured by TEG in CD patients was shorter
than that of healthy controls, whereas their CI was higher than
that of healthy controls. R value refers to the time from the
beginning of the detection to the amplitude of up to 20mm.
This mainly reflects the comprehensive effect of all coagula-
tion factors participating in the coagulation process, and can be
used to reflect the activity of the coagulation factors. CI is the
coagulation comprehensive index, which is used to describe
the overall coagulation status of the patient. CI<3 is considered
as a hypocoagulable state, and CI>3 is considered as the hy-
percoagulable state. CI is calculated based on R, K, angle, and
MA. When the R time is shortened, CI is increased, indicating
that the coagulation factor activity is strong and that the body
is in a hypercoagulable state.

In CD patients, significant differences occurred in R, angle, and
ClI between Ruiqi and BD vacutainer tubes. In healthy controls,
the differences in R, K, angle, LY30, and CI were statistically
significant between Ruiqi and BD vacutainer tubes (P<0.05).
This study showed that these two brands of blood collection
tubes have a certain impact on TEG measurements in both CD
patients and healthy controls; this is consistent with the results
reported by Chinese scholars [16]. The sodium citrate vacuum
blood collection tube produced by China Ruiqi Company, and
used in this study, is made of single-layer glass, with a sodium
citrate concentration of 0.109 M (3.2%) and a blood collection
volume of 1.8 mL. When the blood specimen was collected,
there was a 3 mL “dead space”. BD vacutainer tube is a small
volume thick-walled double siliconized inner wall vacuum
blood collection tube with a sodium citrate concentration of
0.109 M (3.2%), the blood volume of 2.7 mL, and almost no
"dead space" after blood sampling. Studies have shown that
the "dead space" of the sodium citrate vacuum blood collection
tube can lead to partially activated and aggregated platelets, re-
duced coagulation factor Xa activity, shortened activated par-
tial thromboplastin time, and ultimately, reduced R value [17].

TEG, thromboelastogram; CD, congenital dysfibrinogenemia; R, re-
action time; K, K time; MA, maximum amplitude; LY30, fibrinolysis at
30 min after maximum amplitude; CI, coagulation index

Studies have also shown that the high concentration of mag-
nesium ions in the rubber stopper of the vacuum blood collec-
tion tube can activate certain coagulation factors, resulting in
shortened prothrombin time and international normalized ratio
measurements [18,19]. Since the quality of the blood collec-
tion tubes varies from manufacturer to manufacturer, this can
lead to different magnesium ion concentrations in the rubber
stoppers, and to inaccurate TEG results. Some scholars sug-
gested that the magnesium ion concentration in the vacutainer
tube should be less than 1 mmol/L [20]. In addition to the mag-
nesium contamination, changes in the sodium citrate concen-
trations are other sources of pre-analysis errors. The anticoagu-
lant concentration recommended by the National Committee
for Clinical Laboratory Standardization (NCCLS) is 3.2% or
3.8% (equivalent to 0.109 mol/L or 0.129 mol/L), and the ratio
of the anticoagulant to blood is 1:9. The sodium citrate vacuum
blood collection tube maintains a stable vacuum to ensure that
the ratio of blood to anticoagulant in the tube cannot be af-
fected. The sodium citrate in the anticoagulant acts mainly as
an anticoagulant by chelating with calcium ions in the blood
sample. When the ratio of the anticoagulant is too low, it will
increase the absolute concentration of calcium ions and shorten
the clotting time. The K value reflects the coefficient of fibrin
and platelets at the beginning of the clot formation, that is, it re-
flects the rate of clot formation. The K value is mainly affected
by the level of fibrinogen, accounting for about 80%, and it is
also affected by the function of the platelets, accounting for
about 20%. The angle value is the result of the coefficient of
fibrin and platelets at the beginning of the clot formation. It is
closely related to the K value and reflects the rate of blood co-
agulation. In this study, the angle value measured by the Ruiqi
vacutainer tube was larger than that of the BD vacutainer tube
in both CD patients and healthy controls. The "dead space" of
the vacutainer tube can cause the platelet to be partially acti-
vated and aggregate, which leads to an increase in the angle.
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In this article, Ruiqi and BD sodium citrate vacuum blood col-
lection tubes were used to measure TEG in CD patients and
healthy controls, and then their parameters were compared. It
was found that the R value of Ruiqi vacuum vascular collection
was lower, the angle was larger, and its CI was lower than that
of BD vacuum blood collection tubes in both CD patients and
healthy controls. The plug of the BD vacuum blood collection
tube was treated with low magnesium to prevent the activation
of coagulation factors, and the double-layer tube wall helped
to maintain its vacuum, and to effectively maintain the ratio
of the anticoagulant to the blood. The clinical manifestations
of CD patients are diverse, the TEG measurement helps to as-
sess the blood coagulation level accurately, to assess the risk of
bleeding or thrombosis, and provide guidance for the patient's
replacement therapy. Therefore, it is necessary to choose a suit-
able vacutainer tube for TEG measurement and establish the
TEG reference range for the laboratory, so as to provide ac-
curate experimental data for the clinic.
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