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Objective:To investigate the effects of different blood transfusion volumes on
coagulation function and safety in patients with severe trauma.

Patients and Methods:One hundred and ten cases with severe trauma were selected as
the research subjects. They were admitted to our hospital from April 2016 to April 2018.
Sixty patients who needed massive transfusion (1-1.5 times of their own blood volume
level) were assigned to the study group, and another 50 patients who needed small
amount of transfusion (less than their own blood volume level) were assigned to the
control group. The blood coagulation function index, thrombelastogram index, blood
gas analysis index and the influence of adverse reactions were compared between
patients in the two groups before transfusion and 24h after transfusion. Results:Twenty
fourhoursafter transfusion, prothrombin time (PT), activated partial thrombin time (APTT)
and thrombin time (TT) were prolonged in both groups. Both platelet (PLT) and
fibrinogen (FIB) decreased(p<0.05). Both response time of blood coagulation factor (R)
and fibrin polymerization reaction time (K) decreased and were lowerin the study group
than those in the control group, while fibrous protein aggregation function (Angle),
platelet aggregation function (MA) elevated and were higherin the study group than
those in the control group (p<0.05). pH in both groups decreased, oxygen partial
pressure (PO2) and carbon dioxide partial pressure (PCO2) in both groups increased
(p<0.05). PaCO2 and Pa02 in the study group were higher than those in the control
group, and pH was lower than that in the control group (p<0.05). The incidence of total
adverse reactions in the study group was higher than that in the control group (p<0.05).
Conclusion:In conclusion, massive transfusion for patients with severe trauma could
reduce the patient's platelet and affect their coagulation function.
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INTRODUCTION

evere trauma is defined as trauma that

threatens life or seriously affects the function

of major organs of the body (1). Massive
blood transfusion and small amount of
transfusion can be definedby the amount of blood
transfusion. When the amount of blood
transfusion at one time exceeds 1-1.5 times of
patient’s own blood volume level, it is regarded as
massive blood transfusion, and if the amount of
blood transfusion at one time is less than patient’s
own blood volume level, it is regarded as small
amount of transfusion (2). Clinical studies have
found that (3, 4) most patients with severe
trauma have extremely large blood loss and often
require massive transfusion in a short time.
Patients may go into shock or even
life-threatening condition when transfusion is not
given promptly enough. The immune system of
patients with severe trauma may change at the
same time of injury. (5). There is a certain
relationship  among  massive  transfusion,
inflammatory response and immune system
regulation (6).

In theory (7), patients with severe trauma
need to be resuscitated by massive transfusion,
which could improve the body's blood volume .
Under the background of modern research,
however, it has been found that (8) transfusing
large amounts of blood to patients would affect
the platelet coagulation function of patients with
severe trauma, which is adverse to hemostasis.
The amount of transfusion in patients with severe
trauma will significantly affect the later treatment
effect of patients (9). There are two sides of
transfusion treatment. While solving the problem
of blood loss, complications may also be induced
(10), aggravating the patient's condition, which is
not conducive to the later treatment and
prognosis. It has been reported (11) that the risk
of organ failure, sepsis and death in patients with
severe trauma is bound up with increased
transfusion. In order to control the adverse effects,
it is necessary to take preventive measures to
reduce the risk of complications in patients with
severe trauma.

Although transfusion is the preferred first-aid
treatment, there are few studies comparing the
effects and safety of massive and small amounts of
transfusion on patients with severe trauma.
Therefore, this article aims to study the effect of
massive and small amount of transfusion on the
coagulation function and safety of patients with
severe trauma, hoping to improve treatment
efficiency.

DATA AND METHOD

General Data
A total of 110 cases with severe trauma were
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selected as the research subjects. They were
admitted to our hospital from April 2016 to April
2018 and were grouped according to the volume
of transfusion. Among them, 60 patients who
needed a massive transfusion were set as the study
group, and 50 patients who needed a small
amount of transfusion were set as the control
group. Thirty five males and 25 females in the
study group were 20-50 years old, with an average
age og (35.3242.38) years old. There were 30
males and 20 females in the control group, with
the mean age of 36.38+2.27 years old. There were
no significant differences in age and gender
between the two groups.

Inclusion criteria: Patients with severe
trauma who needed transfusion were included.
Exclusion criteria: patients with cardiopulmonary
disease; patients with mental problems or
communication problems; pregnant or lactating
women; patients with coagulation dysfunction.

All patients and their families have agreed to
participate in the experiment and signed informed
consent. This study has been approved by the
hospital ethics committee.

Methods

After admission, all patients in the two groups
were given oxygen inhalation and wound cleaning
adjuvant therapy. Blood oxygen saturation,
central  venous  pressure, invasive arterial
pressureand electrocardiogram were monitored.
Multiple venous channels (>2) were opened.
Sodium  Lactate Ringer's (Siping jvneng
pharmaceutical Co., Ltd., SFDA approval
number: H20023075) was used to maintain
blood volume. A rough assessment should be
made according to the degree of injury, injury site,
wound opening / closing, cause of injury, degree
of shock if there is not enough time. Otherwise,
an accurate assessment should be made through
laboratory blood test if there is enough time.
When blood loss of patients was more than 1L,
concentrated red blood cells and fresh frozen
plasma were injected to maintain the patient's
hemoglobin at more than 80 g-L . For patients
with blood loss over 80%, 2 U-10 kg platelets
combined with 10 U cryoprecipitate were injected
to maintain the central venous pressure at 12-15
cmH,0. In the study group, the blood
transfusion volume was 1-1.5 times of patient’s
own blood volume level. While in the control
group, the amount of blood transfusion does not
exceed the level of patient’s own blood volume.

Experimental Materials

Thromboelastography (Haemoscope, USA)
(37°C) was used to dynamically monitor the
coagulation function. Among them, the R value
refers to the time required for the blood sample to

be placed in the TEG to the scan image width of
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2 mm, K value refers to the time required from
the end of the R time to the amplitude of the
tracing chart of 20 mm, indicating the clot
formation velocity. Angle refers to the rate of
accumulation of blood clots, reflecting fibrinogen
function, and MA value refers to the maximum
amplitude on the TEG map, reflecting the
maximum intensity of being formed blood clot
and the stability of blood clot formation. The
CA7000 automatic blood coagulation analyzer
provided by Sysmex company was used to detect
the activated partial thrombin time (APTT),
fibrinogen (FIB), prothrombin time (PT),
thrombin time (TT) and platelet (PLT), and all
the detection were completed within 1 day. Blood
gas analyzer Abbott i-STAT was used for the
determination of pH, oxygen partial pressure
(PO2), carbon dioxide partial pressure (PCO?2).
The levels of CD3+, CD4+ and CDS8+ in
patients' fasting venous peripheral blood were
detected by BD-Facscalibur flow cytometry
(USA).

Observational Indexes

[1] Comparison of general data of the two
groups

[2] Indexes of coagulation function before
transfusion and 24h after transfusion in the two
groups

[3] Indexes of thrombelastogram before

transfusion and 24h after transfusion in the two
groups

[4] Indexes of blood gas analysis before
transfusion and 24h after transfusion in the two
roups

[5]T cell subset structure in peripheral blood
in the two groups before transfusion and 24h
after blood transfusion

[6] Number of adverse reactions 24h after
transfusion in the two groups

Statistical Method

SPSS 20.0 software was used for statistical
analysis. Enumeration data were expressed as n/%,
comparison was qualified by x*, and measurement
data were represented by mean + standard
deviation (x"ts). Independent t test was used for
comparison between the two groups, and paired t
test was used for comparison before and after
treatment. p<0.05 was considered statistically
significant.

RESULTS

Comparison of general data of patients in the
two groups

There were no significant differences in age
and gender between the two groups (p>0.05).
More details were shown in Table I.

Table I

Comparison of general data of patients in the two groups (n%)

Factors Study group Control group t/X* p
(n=60) n=50

Age  (years 36.32+2.38 36.38+2.27 0.134 0.893
old)
BMI(kg/m?)  21.4+2.56 21.5+2.73 0.197 0.843
Gender
Male 35(58.33) 30(60.00)
Female 25(41.67) 20(40.00) 0.031 0.859
Cause of
injury
Traffic injury  32(53.33) 25(50.00) 0.728 0.121
High fall 18(30.00) 17(34.00) 0.654 0.201
injury
Blunt  force 8(13.33) 6(12.00) 0.044 0.835
injury
Explosion 2(3.33) 2(4.00) 0.035 0.852
injury
Emergency 42(70.00) 38 (76.00) 0.495 0.482
operation
ICU length of 8.3+2.5 9.2+3.2 1.656 0.101
stay
Length of stay 11.5+3.5 12.2+3.9 0.991 0.323

Hypertension
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with 32 28
without 28 22
Smoking
history
with 41 37
without 19 13

0.078 0.779

0.425 0.515

Indexes of Coagulation Function before
Transfusion and 24h after Transfusion in the
Two Groups

There were no significant differences in
coagulation function between the two groups

before transfusion (p>0.05). Twenty four
hoursafter transfusion, PT, APTT and TT were

prolonged in both groups, and patients in the
study group were higher than those in the control
group. Both PLT and FIB decreased, and the
study group was lower than the control group,
with statistically significant differences (p<0.05).
More details were shown in Figure 1.

Figure 1
indexes of coagulation function before and after transfusion of patients in the two groups
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Figure 1-a: After operation, APTT was increased in both the study group and the control group, but the
index in the study group was higher than that in the control group. Figure 1-b: After operation, TT was
increased in both the study group and the control group, but the index in the study group was higher than
that in the control group. Figure 1-c: After operation, PT was increased in both the study group and the
control group, but the index of the study group was higher than that of the control group. Figure 1-d: After
operation, PLT was decreased in both the study group and the control group, but the index of the study
group was lower than that of the control group. Figure 1-e: After operation, FIB was decreased in both the
study group and the control group, but the index of the study group was lower than that of the control

group.
Note: * means p<0.05.

Indexes of  Thrombelastogram before
Transfusion and 24h after Transfusion in the
Two Groups

Before transfusion, there were no significant
differences between the two groups (p>0.05).

Twenty four hoursafter transfusion, both R and K
decreased, while Angle and MA increased in both
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groups, with statistically significant differences
(p<0.05). However, R and K in the study group
were lower than those in the control group, while
Angle and MA were higher than those in the
control group. The differences were statistically
significant (p<0.05). More details were shown in
Table II.
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Table IT

Thrombelastogram indexes before and after transfusion in the two groups
Indexes R value K value Angel value MA value
Study group
(n=60)
Before 8.52+1.21 3.85+0.48 44.3945.32 45.66+4.21
transfusion
24h after 7.37t£1.24 3.08+0.65 49.74+4.32 52.32+4.32
transfusion
t 5.142 7.381 6.047 8.552
P <0.001 <0.001 <0.001 <0.001
Control group
n=50
Before 8.48+1.32* 3.75£0.52* 44.24+4.38* 45.23+4.23*
transfusion
24h after 7.86+1.12# 3.53+0.42# 46.32+3.78# 48.42+4.12#
transfusion
t 2.532 2.327 2.542 3.820
P <0.001 <0.001 <0.001 <0.001

Note: * means compared with that before transfusion in the study group, p>0.05; # means compared
with that after 24h of transfusion in the study group, p<0.05.

Blood Gas Index before Transfusion and 24h

after Transfusion in the Two Groups
Before transfusion, there were no significant

differences in p H, PaO2 and PaCO2 between the
two groups (p>0.05). Twenty four hoursafter

transfusion, p H decreased and PaO2 and PaCO2
increased in both groups, with statistically

significant differences (p<0.05). Moreover, after
24h of transfusion, PaCO2 and PaO2 in the
study group were higher than that in the control
group, and pH was lower than that in the control
group, the differences were statistically significant

(p<0.05). More details were shown in Table III.

Table III

Blood gas index between patients in the two groups

Groups PH

Pa O2(KPa)

Pa CO2(KPa)

Study group
(n=60)

Tob Regul Sci.™ 2021;7(5-1): 3957-3966
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Before 7.45+0.05
transfusion

7.24+0.04
t 25.40
p <0.001
Control group
n=50
Before 7.46+0.04*
transfusion
24h before 7.38+0.16#
transfusion
t 5.145
p <0.001

5.96+1.24 7.55+1.25
9.54+2.13 10.38+1.35
11.25 11.58
<0.001 <0.001
5.92+1.21* 7.51+1.32*
8.23+2.21# 9.50+1.21#
6.483 9.438
<0.001 <0.001

Note: * means compared with that before transfusion in the study group, p>0.05; # means compared

with that after 24h of transfusion in the study group, p<0.05.

T Cell Subset Structure in Peripheral Blood in
the Two Groups before Transfusion and 24h

after Blood Transfusion
Before transfusion, there were no significant

differences in indexes of CD3', CD4',
CD4'/CD8" between the two groups (p>0.05).

Indexes of CD3", CD4", CD4'/CDS8" increased in
both groups 24 hafter transfusion, but these
indexes in the study group was higher than those

in the control group (p<0.05). More details were
shown in Table IV.

Table IV
T cell subset structure in peripheral blood in the two groups before transfusion and 24h after blood
transfusion
Groups CcD3* CDh4* CD4'/CD8"
Study group (n=60)
Before transfusion  53.4+3.42 25.2+2.21 0.78+0.17
24h before 64.5+2.56 43.4+2 .56 1.57+0.12

transfusion
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t 20.13
p <0.001

Control group n=50

Before transfusion ~ 52.4+3.35*
24h after 60.6+2.45#
transfusion

t 13.97

p <0.001

41.68 29.41
<0.001 <0.001
25.4+2.43* 0.82+0.14*
36.8+2.12# 1.23+0.13#
24.54 15.17
<0.001 <0.001

Note: * means compared with that before transfusion in the study group, p>0.05; # means compared
with that after 24h of transfusion in the study group, p<0.05.

Number of Adverse Reactions in Two Groups

There were no significant differences in the
number of patients with hypothermia, sodium
citrate poisoning and bleeding tendency after
transfusion between the two groups, but the

incidence of total adverse reactions in the study
group was higher than that in the control group,
with statistically significant differences (p<0.05).
Adverse reactions were welltreated. More details
were shown in Table V.

Table V
Number of adverse reactions of patients in two groups
Factors Study group Control group n=50 t p
(n=60)

Hypothermia 15(25.00) 7(14.00) 2.063 0.151
Sodium citrate  9(15.00) 4(8.00) 1.282 0.258
poisoning

Bleeding tendency 5(8.33) 1(2.00) 2.121 0.145
Total number of 29(48.33) 12(24.00) 6.907 0.009

adverse reactions

DISCUSSION

Severe trauma is characterized by severe stress
response, rapid disease change and high mortality
(12). Resuscitation in patients with trauma and

Tob Regul Sci.™ 2021;7(5-1): 3957-3966

hemorrhagic shock has improved in recent years,
but bleeding, especially coagulopathy bleeding,
cannot be surgically corrected. It has to be
controlled to reduce morbidity and mortality

3963



Ke Yuan et al.

Effects of Blood Transfusion Amount on Coagulation Function and Safety in Patients with Severe Trauma

associated with severe trauma (13).

A large number of studies have found that (14)
massive transfusion for patients with severe
trauma may damage the patients' coagulation
system. Hence, more attention should be paid to
the changes in various indexes of coagulation
function in the treatment process, and blood
transfusion  strategies should be reasonably
adjusted. After massive transfusion, patients may
not only have coagulation disorder affecting
coagulation function, but also have platelet
dysfunction (15). Therefore, we compared the
indexes of coagulation function before transfusion
and 24h after transfusion of patients in the two
groups. The results showed that PT, APTT and
TT were prolonged and PLT and FIB were
decreased in the two groups after transfusion,
while PT, APTT and TT were higher in the study
group than those in the control group, and PLT
and FIB were lower in the study group than those
in the control group. It indicated that massive
transfusion to patients would cause damage to
coagulation factors and platelets. Davidson et al
(16) also reached the same conclusion, and
pointed out that the patient's activity factor was
also significantly reduced. And there are also
studies pointing out that due to the combination
of coagulation factors and procoagulant activated
platelets, a  membrane-dependent  enzyme
complex is then produced, which plays an
important part in the process of blood clotting
(17). Therefore, patients' coagulation function
would be affected. There were also changes in the
control group, but the fluctuation intervals were
small, suggesting that a small amount of
transfusion had little effect on coagulation. In the
study of Son et al (18), it was pointed out that
salvage transfusion exceeding 18.5% of the total
blood volume for patients undergoing cardiac
surgery may have a negative impact on
coagulation function, which inspired us that the
optimal cut-off point for blood transfusion under
different treatment backgrounds will be different.
Therefore, timely detection of patients with
abnormal coagulation function and
corresponding intervention measures are
important for prognosis.

At the same time, due to excessive blood loss,
the blood would take away a large number of
coagulation factors, waking up the coagulation
system and consuming a large number of platelets
and coagulation factors, which is the main cause
of vascular microthrombus. Diffuse intravascular
coagulation may occur in case of severe organism
secondary hyperfibrinolysis (19,20). In the report
of Lawson et al (21), the dynamic monitoring of
thrombus elasticity index using TEG helps to
provide surgical guidance and improve the
efficiency of blood transfusion. The study also
pointed out that higher MA is of great value for
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assisting the prediction of massive blood
transfusion during liver transplantation. We
compared thrombelastogram index of patients in
the two groups before transfusion and 24h after
transfusion. The results showed that there were no
significant differences before transfusion. After
24h of transfusion, both R and K decreased and
Angle and MA increased in the two groups, while
patients in the study group had lower R and K
than those in the control group, and Angle and
MA were higher than those in the control group.
It suggests that massive transfusion has a great
influence on the coagulation state of the body.
Hence, the application of thrombelastogram
index in the monitoring of dynamic coagulation
function in patients requiring massive transfusion
with severe trauma has positive significance for
the treatment and prognosis of patients.

The substantial lose of blood due to severe
trauma may lead to abnormal blood gas index and
affect the coagulation function (22). According to
the blood gas analysis, pH value decreased and
PaO2 and PaCO2 increased 24h after transfusion,
while the content of PaCO2 and PaO2 in the
study group was higher than that in the control
group, and the pH value was lower than that in
the control group. The mechanism might be that
there was a large amount of lactic acid in the
stored blood, and massive transfusion can reduce
the pH value of the blood. After the infusion of
stored blood, lactic acid further neutralizes
HCO3 in the blood, resulting in metabolic
acidosis in patients after transfusion (23,24). The
mechanism of increased PaO2 and PaCO?2 after
transfusion was speculated to be that transfusion
increased blood volume, improving hypoxia to a
certain extent (25). Hence, it was of great
significance to monitor the blood gas index
during transfusion.

There are a large amount of inflammation
reactions in patients with trauma, and severe
inflammation reaction can affect the immune
system. T cell subset structure is an important
index of cellular immune function (26). Studies
have shown that (27) there are more types of
immune-related substances in the transfused
blood. According to the results of the study, CD3"
CD4", CD4'/CD8" were increased in both groups
24h after blood transfusion, and these factors in
the study group were higher than those in the
control group. It was speculated that massive
transfusion had changed the internal environment
of the body and played a positive role in the
recovery of the patient's immune system.
Meanwhile, the blood also contained substances
that enhanced the body's immunity. However,
some studies have also shown that excessive
transfusion would lead to the suppression of the
immune system of the body, making blood
transfusion ineffective (28), which needs to be
further studied and discussed in follow-up studies.
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Massive transfusions can replenish patient's
blood volume. However, due to the differences
between massive transfusion and conventional
blood transfusion, the composition of blood cells
in the stored blood may have changed, so patients
underwent massive transfusion could easily have a
variety of complications or adverse reactions (29).
Comparing the adverse reactions caused by
transfusion in each group, there were no
significant differences in the number of patients
in the two groups suffering from hypothermia,
sodium citrate poisoning and bleeding tendency
after blood transfusion. However, the incidence of
total adverse reactions was higher in the study
group than that in the control group, suggesting
that the likelihood of compﬁcations ue to
transfusion was significantly higher than that of a
small amount transfusion. In addition, low body
temperature could worsen the degree of acidosis
and affect the normal operation of the
coagulation system, resulting in coagulation
system diseases, and these three factors could
reinforce each other (30). Therefore, it is also
important to reduce the incidence of adverse
reactions and improve the outcome of
transfusion.

CONCLUSION

In conclusion, massive transfusion for patients
with severe trauma has a greater impact on the
changes of coagulation and blood gas analysis
than a small amount of transfusion, which may
cause coagulation dysfunction in patients. In the
process of transfusion, patients' coagulation status
should be timely monitored to effectively
maintain blood coagulation function, avoid
related complications and improve the success
rate of massive transfusion, in order to reduce
mortality.

AVAILABILITY OF DATA AND
MATERIALS

The datasets used and/or analyzed during the
present study are available from the corresponding
author on reasonable request.

AUTHORS' CONTRIBUTIONS

KY, LR, FZ, HL and XY led the conception
and design of this study. KY, FZ, HL, JZ and XY
were responsible for the data collection and
analysis. LR, FZ and XY were in charge of
interpreting the data and drafting the manuscript.
KY and LR made revision from critical
perspective for important intellectual content.
The final version was read and adopted by all the
authors.

ETHICS APPROVAL AND CONSENT TO

Tob Regul Sci.™ 2021;7(5-1): 3957-3966

PARTICIPATE

The study was approved by the Echics
Committee of Huangshi Central Hospital. Signed
written informed consents were obtained from
the patients and/or guardians.

COMPETING INTERESTS

The authors declare that they have no
competing interests.

REFERENCES

1. Nardi G, Agostini V, Grassetto A, Cingolani E,
Pellegrini C. Clinical Management of Severe
Bleeding in Trauma Patients. Point-of-Care Tests
for Severe Hemorrhage 2015; 20: 89-105.

2. Yu E Zhong T, Wu G. Efficacy of high versus low
plasma: red blood cell ratio resuscitation in patients
with severe trauma requiring massive blood
transfusion: a meta-analysis Nan Fang Yi Ke Da
Xue Xue Bao 2017; 37: 119-123.

3. Holcomb ]B, Tilley BC, Baraniuk S, Fox EE, Wade
CE, Podbielski JM, del Junco DJ, Brasel K], Bulger
EM, Callcut RA, Cohen M], Cotton BA, Fabian
TC, Inaba K, Kerby JD, Muskat P, O'Keeffe T,
Rizoli S, Robinson BR, Scalea TM, Schreiber MA,
Stein DM, Weinberg JA, Callum JL, Hess JR,
Matdijevic N, Miller CN, Pittet JE Hoyt DB,
Pearson GD, Leroux B, van Belle G, PROPPR
Study Group. Transfusion of Plasma, Platelets, and
Red Blood Cells in a 1:1:1 vs a 1:1:2 Ratio and
Mortality in Patients With Severe Trauma: The
PROPPR Randomized Clinical Trial. JAMA 2015;
313: 471-482.

4.  Saltzherr TP, Christiaans SC, Henny CP, Levi MM,
Goslings JC. ‘Transfusion policy in trauma
involving massive blood loss. Ned Tijdschr
Geneeskd 2011; 155: A2306.

5. Tschoeke SK, Ertel W. Immunoparalysis after
multiple trauma. Injury 2007; 38: 1346-1357.

6. Sihler KC, Napolitano LM. Complications of
massive transfusion. Chest 2010; 137: 209-220.

7. Silverboard H, Aisiku I, Martin GS, Adams M,
Rozycki G, Moss M. The role of acute blood
transfusion in the development of acute respiratory
distress syndrome in patients with severe trauma.
J Trauma 2005; 59: 717-723.

8. Mccully BH, Connelly CR, Fair KA, Holcomb
JB, Fox EE, Wade CE, Bulger EM, Schreiber
MA. PROPPR Study Group: Onset of Coagulation
Function Recovery Is Delayed in Severely Injured
Trauma Patients with Venous Thromboembolism. ]
Am Coll Surg2017; 225: S1072751517302697.

9. Gombotz H, Hofmann A. Patient Blood
Management : three pillar strategy to improve
outcome through avoidance of allogeneic blood
products. Anaesthesist 2013; 62: 519-527.

10. Elsamadicy AA, Adogwa O, Vuong VD, et al:
Association of Intra-operative Blood Transfusions
on  Post-Operative ~ Complications,  30-Day
Readmission Rates, and One-Year Patient Reported

3965


http://yc.hnadl.cn/kcms/detail/detail.aspx?dbcode=SJES&filename=SJES13011601412196&v=Mjg4NTJEWFUvb0JNVDZUNFBRSC9pclJkR2VycVFUTW53WmVadUh5bnRVNy9JSjFzUWF4bz1OaWZPZmJLN0h0RE5xWTlFWU9vTg==&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EREdzR2VUejBCbklKamo1ZlNMN3VDTT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://yc.hnadl.cn/kcms/detail/detail.aspx?dbcode=SJES&filename=SJES13011601412196&v=Mjg4NTJEWFUvb0JNVDZUNFBRSC9pclJkR2VycVFUTW53WmVadUh5bnRVNy9JSjFzUWF4bz1OaWZPZmJLN0h0RE5xWTlFWU9vTg==&uid=WEEvREcwSlJHSldRa1FhdkJkVG1EREdzR2VUejBCbklKamo1ZlNMN3VDTT0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://yc.hnadl.cn/rwt/401/http/PNSXR55MMF3C6Z5PNNVT65UFPE/result.aspx?q=Complications%20of%20massive%20transfusion
http://yc.hnadl.cn/rwt/401/http/PNSXR55MMF3C6Z5PNNVT65UFPE/result.aspx?q=Complications%20of%20massive%20transfusion
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holcomb%20JB%5bAuthor%5d&cauthor=true&cauthor_uid=28315812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holcomb%20JB%5bAuthor%5d&cauthor=true&cauthor_uid=28315812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Holcomb%20JB%5bAuthor%5d&cauthor=true&cauthor_uid=28315812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fox%20EE%5bAuthor%5d&cauthor=true&cauthor_uid=28315812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wade%20CE%5bAuthor%5d&cauthor=true&cauthor_uid=28315812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bulger%20EM%5bAuthor%5d&cauthor=true&cauthor_uid=28315812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schreiber%20MA%5bAuthor%5d&cauthor=true&cauthor_uid=28315812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schreiber%20MA%5bAuthor%5d&cauthor=true&cauthor_uid=28315812
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schreiber%20MA%5bAuthor%5d&cauthor=true&cauthor_uid=28315812
https://www.ncbi.nlm.nih.gov/pubmed/?term=PROPPR%20Study%20Group%5bCorporate%20Author%5d
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onset+of+Coagulation+Function+Recovery+Is+Delayed+in+Severely+Injured+Trauma+Patients+with+Venous+Thromboembolism
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onset+of+Coagulation+Function+Recovery+Is+Delayed+in+Severely+Injured+Trauma+Patients+with+Venous+Thromboembolism
https://www.ncbi.nlm.nih.gov/pubmed/?term=Onset+of+Coagulation+Function+Recovery+Is+Delayed+in+Severely+Injured+Trauma+Patients+with+Venous+Thromboembolism

Ke Yuan et al.

Effects of Blood Transfusion Amount on Coagulation Function and Safety in Patients with Severe Trauma

11.

12.

13.

14.

15.

16.

17.

18.

19.

Outcomes. Spine 2017; 42: 1.

Huber-Wagner S, Qvick M, Mussack T, Euler
E, Kay MYV, Mutschler W, Kanz KG. Working
Group on Polytrauma of German Trauma

Society (DGU): Massive blood transfusion and
1062 polytrauma patients: a
prospective study based on the Trauma Registry of
the German Trauma Society. Vox Sang2010; 92:
69-78.

Wurmb TE, Bernhard M. Total-body CT for initial
diagnosis of severe trauma. Lancet 2010; 388:
636-638.

Rossaint

outcome in

R, Spahn DR. Trauma:
Coagulopathy, and Blood Component
Transfusion[M]// Yearbook of Intensive Care and
Emergency Medicine. Springer Berlin Heidelberg
2006.

Sakamoto Y, Koami H, Miike T. Monitoring the
patients with
viscoelastic devices. Musculoskelet Surg2017; 5: 7.

Bleeding,

coagulation status of trauma
Levy JH. Massive Transfusion Coagulopathy.
Semin Hematol 2006; 43: S59-S63.

Davidson CS, Murphy JC, Watson R], Castle WB.
COMPARISON OF THE EFFECTS OF
MASSIVE BLOOD TRANSFUSIONS AND OF
LIVER EXTRACT IN PERNICIOUS ANEMIA. ]
Clin Invest 1946; 25: 858.

Podoplelova N A , Sveshnikova AN , Kotova Y N,
Eckly A, Receveur N, Nechipurenko DY,
Obydennyi S, Kireev 1I, Gachet C, Ataullakhanov
FI, Mangin PH, Panteleev MA. Coagulation factors
bound to procoagulant platelets concentrate in cap
structures to promote clotting. Blood 2016;
128:1745-1755.

Son K, Yamada T, Tarao K, Kitamura Y, Okazaki J,
Sato Y, Isono S. Effects of Cardiac Surgery and
Coagulation
Function Assessed by Thromboelastometry. ]

Salvaged Blood ‘Iransfusion on

Cardiothorac Vasc Anesth2020;
S1053-0770(20)30131-2.
Barcelona SL, Thompson AA, Coté CJ.

Intraoperative pediatric blood transfusion therapy:
a review of common issues. Part II: transfusion
therapy, special considerations, and reduction of
allogenic blood transfusions. Paediatr Anaesth2005;
15: 814-830.

Tob Regul Sci.™ 2021;7(5-1): 3957-3966

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

JENEVEIN EP ]Jr, WEISS DL. PLATELET
MICROEMBOLI ASSOCIATED WITH
MASSIVE BLOOD TRANSFUSION. Am J Pathol
1964; 45: 313-325.

Lawson P J, Moore H B, Moore E E, Stettler GR,
Pshak TJ, Kam I, Silliman CC, Nydam TL.
Preoperative thrombelastography maximum
amplitude predicts massive transfusion in liver
transplantation. J Surg Res. 2017; 220: 171-175.
Karkouti K, O'Farrell R, Yau TM, Beattie WS.
Reducing Bleeding in Cardiac Surgery Research
Group: Prediction of massive blood transfusion in
cardiac surgery. Can J Anaesth2006; 53: 781-794.
Smith SA, Livingston MH, Merritt NH. Early
coagulopathy and metabolic acidosis predict
transfusion of packed red blood cells in pediatric
trauma patients. ] Pediatr Surg2016; 51: 848-852.
Bishop C. Differences in the Effect of Lactic Acid
and Neutral Lactate on Glycolysis and Nucleotide
Pactern in Incubated Whole Human Blood.
Transfusion 2010; 2: 256-258.

Lee EJ, Woodske ME, Zou B, O'Donnell CP.
Dynamic arterial blood gas analysis in conscious,
unrestrained C57BL/6] mice during exposure to
intermittent hypoxia. J Appl Physiol (1985)2009;
107: 290.

Stoecklein VM, Osuka A, Lederer JA. Trauma
equals danger—damage control by the immune
system. ] Leukoc Biol 2012; 92: 539-551.

Miller MC, Porcelijn L, Vlaar AP. Prevention of
Immune-mediated Transfusion-related Acute Lung
Injury; from Bloodbank to Patient. Curr Pharm
Des2012; 18: 3241-3248.

de Boer MT, Molenaar 1Q, Porte R]. Impact of
blood loss on outcome after liver resection. Dig
Surg2007; 24: 259-264.

Sahu S, Hemlata, Verma A. Adverse events related
to blood transfusion. Indian ] Anaesth2014; 58:
543-551.

Qin N, Wei LW. Effect of xuebijing injection on

perioperative coagulation function and
inflammatory reaction in senile patients receiving
total hip arthroplasty.

Zhongguo Zhong Xi Yi Jie He Za Zhi 2014; 34:
1202-1206.

3966


https://www.ncbi.nlm.nih.gov/pubmed/?term=Huber-Wagner%20S%5bAuthor%5d&cauthor=true&cauthor_uid=17181593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qvick%20M%5bAuthor%5d&cauthor=true&cauthor_uid=17181593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mussack%20T%5bAuthor%5d&cauthor=true&cauthor_uid=17181593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Euler%20E%5bAuthor%5d&cauthor=true&cauthor_uid=17181593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Euler%20E%5bAuthor%5d&cauthor=true&cauthor_uid=17181593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Euler%20E%5bAuthor%5d&cauthor=true&cauthor_uid=17181593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kay%20MV%5bAuthor%5d&cauthor=true&cauthor_uid=17181593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mutschler%20W%5bAuthor%5d&cauthor=true&cauthor_uid=17181593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kanz%20KG%5bAuthor%5d&cauthor=true&cauthor_uid=17181593
https://www.ncbi.nlm.nih.gov/pubmed/?term=Working%20Group%20on%20Polytrauma%20of%20German%20Trauma%20Society%20(DGU)%5bCorporate%20Author%5d
https://www.ncbi.nlm.nih.gov/pubmed/?term=Working%20Group%20on%20Polytrauma%20of%20German%20Trauma%20Society%20(DGU)%5bCorporate%20Author%5d
https://www.ncbi.nlm.nih.gov/pubmed/?term=Working%20Group%20on%20Polytrauma%20of%20German%20Trauma%20Society%20(DGU)%5bCorporate%20Author%5d
https://www.ncbi.nlm.nih.gov/pubmed/?term=Working%20Group%20on%20Polytrauma%20of%20German%20Trauma%20Society%20(DGU)%5bCorporate%20Author%5d
https://www.ncbi.nlm.nih.gov/pubmed/?term=Massive+blood+transfusion+and+outcome+in+1062+polytrauma+patients:+a+prospective+study+based+on+the+Trauma+Registry+of+the+German+Trauma+Society
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monitoring+the+coagulation+status+of+trauma+patients+with+viscoelastic+devices
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barcelona%20SL%5bAuthor%5d&cauthor=true&cauthor_uid=16176309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson%20AA%5bAuthor%5d&cauthor=true&cauthor_uid=16176309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cot%C3%A9%20CJ%5bAuthor%5d&cauthor=true&cauthor_uid=16176309
https://www.ncbi.nlm.nih.gov/pubmed/?term=Intraoperative+pediatric+blood+transfusion+therapy:+a+review+of+common+issues.+Part+II:+transfusion+therapy,+special+considerations,+and+reduction+of+allogenic+blood+transfusions
https://www.ncbi.nlm.nih.gov/pubmed/?term=JENEVEIN%20EP%20Jr%5bAuthor%5d&cauthor=true&cauthor_uid=14202528
https://www.ncbi.nlm.nih.gov/pubmed/?term=WEISS%20DL%5bAuthor%5d&cauthor=true&cauthor_uid=14202528
https://www.ncbi.nlm.nih.gov/pubmed/?term=PLATELET+MICROEMBOLI+ASSOCIATED+WITH+MASSIVE+BLOOD+TRANSFUSION
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karkouti%20K%5bAuthor%5d&cauthor=true&cauthor_uid=16873345
https://www.ncbi.nlm.nih.gov/pubmed/?term=O'Farrell%20R%5bAuthor%5d&cauthor=true&cauthor_uid=16873345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yau%20TM%5bAuthor%5d&cauthor=true&cauthor_uid=16873345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beattie%20WS%5bAuthor%5d&cauthor=true&cauthor_uid=16873345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reducing%20Bleeding%20in%20Cardiac%20Surgery%20Research%20Group%5bCorporate%20Author%5d
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reducing%20Bleeding%20in%20Cardiac%20Surgery%20Research%20Group%5bCorporate%20Author%5d
https://www.ncbi.nlm.nih.gov/pubmed/16873345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Early+coagulopathy+and+metabolic+acidosis+predict+transfusion+of+packed+red+blood+cells+in+pediatric+trauma+patients
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20EJ%5bAuthor%5d&cauthor=true&cauthor_uid=19056995
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woodske%20ME%5bAuthor%5d&cauthor=true&cauthor_uid=19056995
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zou%20B%5bAuthor%5d&cauthor=true&cauthor_uid=19056995
https://www.ncbi.nlm.nih.gov/pubmed/?term=O'Donnell%20CP%5bAuthor%5d&cauthor=true&cauthor_uid=19056995
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dynamic+arterial+blood+gas+analysis+in+conscious,+unrestrained+C57BL/6J+mice+during+exposure+to+intermittent+hypoxia
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C5%B1ller%20MC%5bAuthor%5d&cauthor=true&cauthor_uid=22621273
https://www.ncbi.nlm.nih.gov/pubmed/?term=Porcelijn%20L%5bAuthor%5d&cauthor=true&cauthor_uid=22621273
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vlaar%20AP%5bAuthor%5d&cauthor=true&cauthor_uid=22621273
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prevention+of+Immune-mediated+Transfusion-related+Acute+Lung+Injury;+from+Bloodbank+to+Patient
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prevention+of+Immune-mediated+Transfusion-related+Acute+Lung+Injury;+from+Bloodbank+to+Patient
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prevention+of+Immune-mediated+Transfusion-related+Acute+Lung+Injury;+from+Bloodbank+to+Patient
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Boer%20MT%5bAuthor%5d&cauthor=true&cauthor_uid=17657150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molenaar%20IQ%5bAuthor%5d&cauthor=true&cauthor_uid=17657150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Porte%20RJ%5bAuthor%5d&cauthor=true&cauthor_uid=17657150
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boer+M+T+D,+I+Quintus+M,+Porte+R+J.+Impact+of+blood+loss+on+outcome+after+liver+resection
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boer+M+T+D,+I+Quintus+M,+Porte+R+J.+Impact+of+blood+loss+on+outcome+after+liver+resection
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boer+M+T+D,+I+Quintus+M,+Porte+R+J.+Impact+of+blood+loss+on+outcome+after+liver+resection
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sahu+S,+Hemlata,+Verma+A.+Adverse+events+related+to+blood+transfusion
http://yc.hnadl.cn/kcms/detail/detail.aspx?dbcode=CJFD&filename=ZZXJ201410010&v=MDk3NTh0R0ZyQ1VSTE9mYnVkdUZ5bmxVNzdLUHpmVFpMRzRIOVhOcjQ5RVpJUUtESDg0dlI0VDZqNTRPM3pxcUI=&uid=WEEvREcwSlJHSldRa1Fhb09jT0pmc0xRbVBSMHB5UEZmQitIcmpGMHUwST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://yc.hnadl.cn/kcms/detail/detail.aspx?dbcode=CJFD&filename=ZZXJ201410010&v=MDk3NTh0R0ZyQ1VSTE9mYnVkdUZ5bmxVNzdLUHpmVFpMRzRIOVhOcjQ5RVpJUUtESDg0dlI0VDZqNTRPM3pxcUI=&uid=WEEvREcwSlJHSldRa1Fhb09jT0pmc0xRbVBSMHB5UEZmQitIcmpGMHUwST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://yc.hnadl.cn/kcms/detail/detail.aspx?dbcode=CJFD&filename=ZZXJ201410010&v=MDk3NTh0R0ZyQ1VSTE9mYnVkdUZ5bmxVNzdLUHpmVFpMRzRIOVhOcjQ5RVpJUUtESDg0dlI0VDZqNTRPM3pxcUI=&uid=WEEvREcwSlJHSldRa1Fhb09jT0pmc0xRbVBSMHB5UEZmQitIcmpGMHUwST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://yc.hnadl.cn/kcms/detail/detail.aspx?dbcode=CJFD&filename=ZZXJ201410010&v=MDk3NTh0R0ZyQ1VSTE9mYnVkdUZ5bmxVNzdLUHpmVFpMRzRIOVhOcjQ5RVpJUUtESDg0dlI0VDZqNTRPM3pxcUI=&uid=WEEvREcwSlJHSldRa1Fhb09jT0pmc0xRbVBSMHB5UEZmQitIcmpGMHUwST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://yc.hnadl.cn/kcms/detail/detail.aspx?dbcode=CJFD&filename=ZZXJ201410010&v=MDk3NTh0R0ZyQ1VSTE9mYnVkdUZ5bmxVNzdLUHpmVFpMRzRIOVhOcjQ5RVpJUUtESDg0dlI0VDZqNTRPM3pxcUI=&uid=WEEvREcwSlJHSldRa1Fhb09jT0pmc0xRbVBSMHB5UEZmQitIcmpGMHUwST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!
http://yc.hnadl.cn/kcms/detail/detail.aspx?dbcode=CJFD&filename=ZZXJ201410010&v=MDk3NTh0R0ZyQ1VSTE9mYnVkdUZ5bmxVNzdLUHpmVFpMRzRIOVhOcjQ5RVpJUUtESDg0dlI0VDZqNTRPM3pxcUI=&uid=WEEvREcwSlJHSldRa1Fhb09jT0pmc0xRbVBSMHB5UEZmQitIcmpGMHUwST0=$9A4hF_YAuvQ5obgVAqNKPCYcEjKensW4IQMovwHtwkF4VYPoHbKxJw!!

