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Abstract: This study was assigned to assess the influence of different blood collection methods and sites on the
results of thromboelastography (TEG) in patients underwent thoracic surgery. Forty patients, who underwent lobectomy or esophagectomy in our hospital from May 2014 to March 2015, were randomly divided into two groups
(group A and group B; n = 20 in each group). In group A, blood was collected from femoral vein and internal jugular
vein by direct venipuncture. In group B, femoral vein blood was sampled by direct venipuncture, and then blood
from internal jugular vein was drawn via a deep venous catheter. Kaolin-activated TEG analyses were performed,
and clotting time (R), clot kinetics (K), α angle and maximal amplitude (MA) were compared using paired t-test.
All tested parameters were within the normal range. In group A, no significant differences in R, K, α angle and MA
values were found between samples obtained by direct venipuncture from femoral and jugular vein (P > 0.05). In
group B, however, the R value of blood sample collected by femoral vein puncture was significantly lower than that
of sample captured via an indwelling internal jugular vein catheter (P < 0.05), while differences in K, α angle and
MA values did not reach statistical significant (P > 0.05). In summary, all of these sampling routes were acceptable
for thromboelastographic analysis. Howbeit, to avoid bias, the sampling method and site should be the same when
conducting clinical dynamic observation.
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Introduction
Deep venous thrombosis (DVT) refers to an
abnormal blood agglutination within the blood
vessel. As one of the most common causes
of in-hospital morbidity, DVT may progress to
post thrombotic syndrome, lead to the development of pulmonary embolism and even threaten the life [1]. Cancer patients are at high
risk of venous thromboembolisms (VTEs) [2]
due to activated the blood clotting cascade
by pro-coagulants and induced vascular endothelial cell damage [3, 4]. Thus, it is very important to monitor the coagulation function of
cancer patients to decrease occurrence of thrombosis.
Currently, activated partial thromboplastin time
(APTT), prothrombin time (PT), fibrinogen (Fib)
and international normalized ratio (INR) are
commonly detected to reflect the coagulation
function in the hospital. Thromboelastography

(TEG) is considered as a valuable detection
method for coagulation function, which can
reveal all blood components as well as evaluate
whole-clot formation and dissolution. Besides,
TEG can also dynamically monitor the entire
process of coagulation and may detect coagulopathy that cannot be detected by conventional coagulation tests [5, 6]. However, the detection results of coagulation function can be disturbed by many factors, such as rest temperature, contact activation and even the type of
needle [7]. Several studies have investigated
the impact of blood collection system on TEG
analysis had been performed in animals [8-10];
however, the conclusions are inconsistent. In
addition, few studies have focused on the clinical investigation. Hence, in this present study,
we enrolled 40 cancer patients who underwent
thoracic surgery, aimed to analyze whether
there were differences in TEG values when the
blood was drawn from different sites (femoral
vein or internal jugular vein) by different sam-
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Figure 1. Typical appearance of thromboelastographs tracing with major parameters. Clotting Time (R): the time of
latency until initial fibrin formation, reference interval 3-8 min; (2) Clot Kinetics (K): the speed at which a specific
level of clot strength is achieved (20 mm amplitude), reference interval 1-3 min; (3) Angle (α): the rapidity of clot
strengthening, reference interval 55-78°; (4) Maximum Amplitude (MA): the ultimate strength of the clot, reference
interval 51-69 mm.

patients refused to sign the
informed consent; 2) blood
loss during operation was greater than 10% of total body
blood volume; 3) electrolyte
R value
K value α angle value MA value
was disorder and the acidFemoral vein
5.57±1.20 1.57±0.54 66.89±8.49 63.89±6.32
base balance was disrupt; 4)
Internal jugular vein 5.51±1.04 1.60±0.49 65.42±8.14 62.29±6.55
blood sample was collected
R: clotting time; K: clot kinetics; MA: maximum amplitude. Comparisons between
and processed with non-stangroups were conducted using paired t-test, and no significant difference was found
dard manner. As a result,
in R, K, α angle and MA values.
a total of 40 patients (29
males and 11 females, 42pling methods (vein puncture or indwelling ca75 years old) were collected, including 27 lung
cancers and 13 esophageal cancers.
theter).
Table 1. Thromboelastography results of 20 patients for whom the
blood samples were collected from femoral vein and internal jugular vein by syringe aspiration via direct venipuncture with a needle
in succession

Materials and methods
Patients
The malignancy patients who underwent lobectomy or esophagectomy in General thoracic surgery in our hospital (Chongqing, China)
from May 2014 to March 2015 were enrolled
in this study. Inclusion criteria were: 1) the
patients with American Society of Anesthesiologists (ASA) grade I or ASA grade II; 2) no history of thrombosis; 3) no treatment history with
anticoagulants; 4) no history of long-term use
of contraceptives for female patients; 5) preoperatively normal coagulation function ; 6) normal body temperature. Exclusion criteria: 1) the
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All the experiments were licensed and approved
by the Ethics Committee of our hospital. Also,
the written, informed consent of each patient
was obtained.
Grouping and sample collection
These 40 patients were divided into two groups
with 20 patients per group, which were named
as group A (15 males and 5 females, 44-74
years old, 14 lung cancers and 6 esophageal
cancers) and group B (14 males and 6 females,
42-75 years old, 13 lung cancers and 7 esophageal cancers). After surgery, the position of patients in group B was changed from lateral position to supine position, and the blood was
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Table 2. Thromboelastography results of 20 patients for whom the blood was successionally sampled
from femoral vein by syringe aspiration and internal jugular vein via a double lumen deep venous
catheter
Femoral vein
Internal jugular vein through catheter

R value
4.6±1.14*
5.4±1.04

K value
1.6±0.54
1.8±0.53

α angle value
65.0±6.55
64.2±5.80

MA value
60.5±6.33
59.2±5.58

R: clotting time; K: clot kinetics; MA: maximum amplitude. Comparisons between groups were conducted using paired t-test.
*P < 0.05.

immediately collected via femoral vein puncture using 10 ml syringe (Weigao Group Medical Polymer Co. Ltd., Shandong, China) guided
by ultrasound to make blood unobstructed.
Then a total of 2.7 ml blood was drawn using
a new 5 ml syringe (Weigao Group Medical
Polymer Co. Ltd.) and transferred into a BD
Vacutainer (Becton, Dickinson and Company,
Franklin Lakes, NJ). One minute after pausing
infusion, 20 ml blood was collected via a catheter in internal jugular vein of patients. Then
a total of 2.7 ml blood was obtained by a new
needle and transferred into a BD Vacutainer
tube (Becton, Dickinson and Company). The
collected blood samples were gently mixed.
The intervals between these two procedures
were controlled no more than five minutes. For
the patients in group A, the blood was drawn
by direct venipuncture from femoral vein and
internal jugular vein as the same method described above.
TEG determinations
Kaolin-activated TEG determinations were performed by a trained technologist using Thrombelastograph Hemostasis Analyzer Model
5000 (Haemoscope Corporation, Chicago, Illinois, USA) according to the manufacturer’s instructions. Briefly, the citrated whole blood (1
ml) was mixed with 1 % kaolin in a vial and the
mixture was inverted several times. Then, the
citrated whole blood was transferred to the
TEG cup containing CaCl2 for recalcification.
After reaching maximum amplitude at 37°C
for 40-60 min, TEG analyzer was conducted.
The changes in the blood sample with the
formation, retraction and dissolution of blood
clots were automatically recorded to reflect
changes in coagulation and fibrinolysis. The
transmitted rotation was transduced into the
computer analyzer to produce a tracing. There
were four variables directly measured (Figure
1), namely (1) Clotting Time (R): the time of
latency until initial fibrin formation, reference
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interval 3-8 min; (2) Clot Kinetics (K): the speed
at which a specific level of clot strength is
achieved (20 mm amplitude), reference interval 1-3 min; (3) Angle (α): the rapidity of clot
strengthening, reference interval 55-78°; (4)
Maximum Amplitude (MA): the ultimate strength of the clot, reference interval 51-69 mm.
Statistical analysis
The data were expressed as mean ± standard
deviation (SD) and analyzed using Statistical Package for Social Science (SPSS) version
19.0 (SPSS Inc., Chicago, IL, USA). Comparisons
were conducted using paired Student’s t test
and a value with P < 0.05 was considered as
statistically significant.
Results
All TEG parameters of the enrolled patients
were within the reference range. The TEG results of patients in group A are shown in Table
1. No significant differences in R, K, α angle
and MA values were found between the samples collected from femoral vein and internal
jugular vein by syringe aspiration via direct venipuncture with a needle (P > 0.05).
However, in group B, a lower R value was detected in samples from femoral vein by syringe
aspiration compared with internal jugular vein
blood that was collected via a double lumen
deep venous catheter (4.6±1.14 vs 5.4±1.04,
P < 0.05, Table 2). No significant differences
in K, α angle and MA were found in samples
of patients in group B (P > 0.05, Table 2).
Discussion
DVT is common in patients underwent severe
trauma or brake owing to slower blood flow
in lower limb than other parts. Nowadays, catheter is often indwelled in deep venous in patients underwent major surgery, and coagula-
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tion function test for these patients is often
detected using blood from the deep venous
through the indwelling catheter tube. Compared
with the traditional syringe aspiration way,
whether sampling via catheter influence the
results of TEG analysis?
In this present study, the patients underwent
thoracic cancer surgery were included as they
were with high risk of DVT. According to the
TEG determinations, all the tested parameters
were without significant differences between
direct venipuncture from femoral and jugular
vein. However, the Clotting Time was significant
longer in blood sample via an indwelling catheter than that from direct venipuncture. The similar TEG results of the blood samples from different sites might be explained by that the intravascular coagulation function of blood was
the same in different sites through the blood
circulation. However, different blood collection
methods, whether via an indwelling catheter
or direct venipuncture, had an effect on the
results of TEG.
Increasing researches had been conducted
to investigate the differences of the blood
samples drawn by different methods. Zengin
et al. reported that no clinically significant differences of APTT and PT values were found
in the blood samples drawn by peripheral venous catheter and venipuncture methods [11].
Meanwhile, May and his collogues suggested
that blood samples aspirated from an intravenous catheter had clinically equivalent values
to those obtained by direct venipuncture in
adult horse by analyzing complete blood count,
packed-cell volume, total protein concentration, stall side plasma glucose concentration,
and plasma chemistry [12]. However, the values of Fib, PT and APTT in cancer patients were
significantly different between the blood samples obtained through tunneled venous access
devices and direct venipuncture [13]. Similarly,
this study demonstrated that TEG results were
different in the blood samples obtained from
direct venipuncture and extracted through an
indwelling catheter. Our study also certified a
different blood status by using different blood
collection methods.
TEG was considered as an index for coagulation
function to reflect the body’s clotting status,
carrying out a comprehensive testing and evaluation for coagulation factors, fibrinogen, platelet aggregation and fibrinolysis etc., which was
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not affected by heparin substance [14, 15]. The
variables of TEG were identified to be associated with the degree of organ failure, bleeding,
and the risk of death in severe sepsis patients
even when the values were remained within the
reference ranges [6, 16]. The R value of the
blood samples collected from direct venipuncture was obvious lower than that of the blood
samples via an indwelling catheter in internal
jugular vein. The R value reflected the intrinsic
pathway activity, and a decrease in R value indicated that the activation of thrombosis is
increased [17, 18]. Besides, compared with
blood samples extracted through an indwelling
catheter in internal jugular vein, a slight
decrease of K value and a weak growth of α
angle and MA were also found in the blood
extracted through direct venipuncture though
no significant differences existed. Shortening
of the K, accompanied with a larger α angle,
had been reported to indicate an accelerated
formation of blood clot, which might also indicate the disorder of coagulation factors or the
hypercoagulability [19]. Thus, when coagulation
function tests were dynamically conducted for
the patients with highly suspected risks of DVT,
various disturbances should be taken into consideration when collecting blood samples in
order to avoid misdiagnosis of coagulation
function.
Conclusion
In this present study, we demonstrated that
TEG results were different in the blood samples
obtained from direct venipuncture in femoral
vein and through an indwelling catheter in internal jugular vein, which certified a different
blood status by using different blood collection
methods. However, a further study with large
number of patients should be conducted to
confirm this result and some other coagulation
factors also should be detected.
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