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Dawei Li1,2, Fang Fang2, Gang Zhao1

1Department of Trauma Orthopedics, Qianfoshan Hospital, Shandong University, Jinan 250014, Shandong, China; 
2Department of Trauma Orthopedics, Weihai Municipal Hospital, Weihai 264200, Shandong, China

Received November 14, 2019; Accepted December 22, 2019; Epub March 15, 2020; Published March 30, 2020

Abstract: Objective: To study the changes in levels of plasma thrombomodulin (TM), activated protein C (APC), and 
D-dimer (D-D) in patients with severe multiple trauma. We investigate their clinical correlations with severe multiple 
trauma and evaluate their clinical significance in the occurrence and development of disease. Methods: A total of 
50 patients with severe multiple trauma treated in our hospital from March 2017 to August 2017 were selected 
and divided into the mild trauma group (n=18) and severe trauma group (n=32) based on the injury severity score 
(ISS). The severe trauma group was further divided into disseminated intravascular coagulation (DIC) group (n=10) 
and non-DIC group (n=22) according to whether there was DIC. The levels of plasma TM, APC, and D-D were dynami-
cally monitored at admission 3 d, and 7 d after trauma. Results: The increase in the levels of plasma APC, D-D, and 
TM were in direct proportion to the severity of trauma. At admission and at 3 and 7 d after trauma, levels of these 
indexes were significantly higher in the severe trauma group than those in the mild trauma group. Moreover, the 
concentration of those three factors was significantly higher in the DIC group than that in the non-DIC group (P<0.05 
and P<0.01, respectively). As revealed in Pearson correlation analysis, plasma TM and APC had positive correlations 
with D-D in patients with severe multiple trauma (r=0.6513 and 0.5328, P<0.01). Conclusion: The increasing de-
gree of the levels of peripheral plasma APC, D-D, and TM in patients with severe multiple trauma are correlated with 
the severity of trauma. APC, D-D, and TM are important indexes to evaluate the inflammatory process and severity 
of severe multiple trauma. These findings may provide a new approach for predicting DIC after trauma and treating 
patients with severe multiple trauma.
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Introduction

Trauma, especially multiple traumas, has been 
the leading cause of death and disability in 
recent years due to various trauma sites and 
rapid progression [1]. Coagulation abnormali-
ties are highly related with the poor outcomes 
[2, 3]. The coagulation was initiated by hypox-
emia and tissue hypoperfusion on the endothe-
lium via activating the thrombomodulin (TM)-
protein C system, and triggering the inflamma-
tion-coagulation cascade reaction with inflam-
matory mediators, eventually leading to dis-
seminated intravascular coagulation (DIC) [4, 
5]. D-dimer (D-D) is produced by the proteolysis 
of cross-linked fibrin which has been related 
with many diseases including DIC, complicated 
pregnancy, and pulmonary embolism. The plas-
ma level of D-D had been used as a marker to 

study the formation and degradation of fibrin, 
while plasma TM-protein C has played an impor-
tant role in maintaining the homeostasis of 
thrombosis and hemostasis. To our knowledge, 
they have not been studied in patients with 
severe multiple trauma. In this study, changes 
in levels of plasma TM, activated protein C 
(APC), and D-D in patients with severe multiple 
trauma were studied, their correlations with 
coagulation disorder after trauma were investi-
gated, and their relationship to prognosis was 
evaluated.

Data and methods

General data

All adult trauma patients who met the criteria 
for full trauma were eligible for enrollment into 
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the study. Patients who were younger than 18 
years were immediately excluded. Patients 
were retrospectively excluded if they were 
found to be taking anticoagulant medications, 
had moderate or severe liver disease, or a 
known bleeding diathesis [6]. A total of 50 
patients with severe multiple trauma treated in 
our hospital from March 2017 to August 2017 
were selected and divided into a mild trauma 
group (n=18) and a severe trauma group (n=32) 
according to the injury severity score (ISS). The 
severe trauma group was further divided into 
the DIC group (n=10) and non-DIC group (n=22) 
according to whether there was DIC. Initial dif-
ferences in general data of patients between 
the two groups were not statistically significant 
which indicated the patients were comparable 
(P>0.05). All patients and their families signed 
the informed consent form and agreed to par-
ticipate this study.

Research methods

At time of admission and at 3 and 7 d after 
trauma, fasting peripheral venous blood was 
collected from patients in all of the groups. 
After centrifugation, the supernatant was taken 
and stored at -80°C.

Detection indexes

Changes in levels of plasma TM and APC at 
each time point were detected using the 
Synergy H1 microplate reader (BioTek, USA), 

chi-square test was used for nominal and cate-
gorical variables depending on the scale of 
measurement. The Kruskal-Wallis test was 
used to test for differences when comparing 
between more than two groups. The correlation 
analysis was performed via Pearson correlation 
analysis. 

Statistical analysis was performed using SPSS 
statistical software, version 17.0 (SPSS, Inc., 
Chicago, IL, U.S.A.). P<0.05 suggested that the 
difference was statistically significant.

Results

Dynamic changes in plasma TM levels in the 
mild trauma group and the severe trauma 
group at different time points

At time of admission and 3 and 7 d after trau-
ma, the levels of plasma TM in the mild trauma 
group and severe trauma group were [(4.98± 
1.74) vs. (6.91±2.08)] ng/mL, [(4.49±1.34) vs. 
(7.08±1.94)] ng/mL, and [(4.04±1.01) vs. 
(6.01±1.88)] ng/mL, respectively. The level of 
plasma TM in the severe trauma group was sig-
nificantly higher than that in the mild trauma 
group at each time point (P<0.05) (Table 1).

Dynamic changes in APC levels in the mild 
trauma group and severe trauma group at dif-
ferent time points

At time of admission and 3 and 7 d after trau-
ma, the levels of APC in the mild trauma gro- 

Table 1. Changes in TM level in both groups at different time points

Group 
TM (ng·mL-1)

At admission 3 d 7 d
Mild trauma group (n=18) 4.98±1.74 4.49±1.34 4.04±1.01※

Severe trauma group (n=32) 6.91±2.08 7.08±1.94 6.01±1.88※

t 3.331 5.020 4.112
P 0.002 0.000 0.000
Note: ※P<0.05 vs. at admission.

Table 2. Changes in APC levels in both groups at different time points

Group 
APC (%)

At admission 3 d 7 d
Mild trauma group (n=18) 62.36±15.53 70.33±19.18 84.35±16.68
Severe trauma group (n=32) 80.54±17.70 101.36±20.15※ 115.73±22.36※

t 3.638 5.316 5.188
P 0.001 0.000 0.000
Note: ※P<0.05 vs. at admission.

and the plasma D-D level 
was detected using the 
CS2100i full-automatic 
coagulometer (SYSMEX, 
Japan). The correlations 
of plasma TM and APC 
with D-D were analyzed.

Statistical methods

Measurement data was 
presented as mean ± 
standard deviation (SD). t 
test was performed for 
comparison between the 
two groups, and analysis 
of variance was adopted 
for the comparison am- 
ong groups. The Mann-
Whitney U test was used 
for continuous and ordi-
nal variables, and the 
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up and severe trauma group were [(62.36± 
15.53) vs. (80.54±17.70)]%, [(70.33±19.18) vs. 
(101.36±20.15)]%, and [(84.35±16.68) vs. 
(115.73±22.36)]%, respectively. The level of 
APC in the severe trauma group was significant-
ly higher than that in the mild trauma group at 
each time point (P<0.05) (Table 2).

Dynamic changes in D-D levels in the mild 
trauma group and severe trauma group at dif-
ferent time points

At time of admission and 3 and 7 d after  
trauma, the levels of D-D in the mild trau- 
ma group and severe trauma group were 
[(668.22±375.17) vs. (1077.03±258.61)] ng/
mL, [(751.23±240.91) vs. (1200.33±337.12)] 
ng/mL, and [(569.17±210.34) vs. (1396.11± 
256.26)] ng/mL, respectively. The level of D-D 
in the severe trauma group was clearly higher 
than that in the mild trauma group at each time 

els in the DIC group were clearly higher than 
those in the non-DIC group, displaying statisti-
cally significant differences (Table 5).

Dynamic changes in plasma D-D level in the 
DIC group and non-DIC group

Within 3-7 days after admission, the D-D le- 
vel gradually declined in the non-DIC group  
and continuously increased in DIC group. The 
D-D level in the DIC group was remarkably high-
er than that in non-DIC group (P<0.05) (Table 
6).

Correlations of plasma TM and APC with D-D

According to the results of Pearson correlation 
analysis, plasma TM and APC had positive cor-
relations with D-D in patients with severe mul-
tiple trauma (r=0.6513 and 0.5328, P<0.01), 
indicating that the increased TM and APC levels 

Table 3. Changes in D-D level in both groups at different time points

Group 
D-D (ng·mL-1)

At admission 3 d 7 d
Mild trauma group (n=18) 668.22±375.17 751.23±240.91 569.17±210.34※※

Severe trauma group (n=32) 1077.03±258.61 1200.33±337.12 1396.11±256.26※

t 4.549 4.973 11.646
P 0.000 0.000 0.000
Note: ※P<0.05 and ※※P<0.01 vs. at admission.

Table 4. Changes in TM level in the DIC group and non-DIC group 
at different time points

Group 
TM (ng·mL-1)

At admission 3 d 7 d
Non-DIC group (n=22) 5.12±1.92 3.99±2.18※ 2.87±1.48※※

DIC group (n=10) 7.28±2.05 5.01±1.98※※ 3.99±1.29※

t 2.890 1.260 2.060
P 0.007 0.217 0.048
Note: ※P<0.05 and ※※P<0.01 vs. at admission.

Table 5. Changes in APC level in the DIC group and non-DIC group 
at different time points

Group
APC (%)

At admission 3 d 7 d
Non-DIC group (n=22) 69.66±16.31 88.41±20.33※ 100.73±17.66※

DIC group (n=10) 96.38±18.54 109.81±25.66 128.68±15.78※

t 4.119 2.543 4.281
P 0.000 0.016 0.002
Note: ※P<0.05 vs. at admission.

point (P<0.01 or P<0.05) (Table 
3).

Dynamic changes in plasma 
TM levels in the DIC group and 
non-DIC group

The TM level gradually declined 
within 3-7 d after admission in 
both groups of patients, and it 
was higher in the DIC group 
than that in the non-DIC group. 
There was a statistically signifi-
cant difference in the TM level 
at 3 d after trauma between 
the two groups (P<0.05) (Table 
4).

Dynamic changes in plasma 
APC level in the DIC group and 
non-DIC group

At time of admission and 3 and 
7 d after trauma, the APC lev-
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are important factors leading to coagulation 
disorder after trauma (Figure 1).

Discussion

Multiple traumas often damage important 
organs in the body, such as the liver, spleen, 
and kidney, and traumatic coagulation disorder 
is one of the major causes of hemostasis diffi-
culties [7]. It was found that significant coagula-
tion disorders occurred in 25% of patients in 
the early stage of injury [8]. Monitoring the 
important indexes affecting coagulation func-
tion, accurately evaluating the severity of dis-
ease, and taking corresponding measures in 
due time are of great importance in improving 
the prognosis of patients with multiple trau- 
mas.

There is a particular kind of TM on the vascular 
endothelial cell membrane, which can form 
soluble TM (sTM) after hydrolysis and detach-
ment when endothelial cells are damaged. The 
more severe the damage is, the higher the sTM 
level will be [9-12]. TM is an anticoagulant fac-
tor that is significantly increased in DIC. On one 
hand, TM inhibits the procoagulant activity of 
thrombin, and, on the other hand, promotes the 
effect of thrombin APC. Besides, TM plays an 
important role in regulating coagulation and 

admission and 3 and 7 d after trauma, the APC 
levels in the DIC group were significantly higher 
than those in the non-DIC group, showing sta-
tistically significant differences (P<0.05). The 
above results indicated that levels of TM and 
APC were closely related to the degree of endo-
thelial cell damage, and monitoring their 
dynamic changes is useful for predicting the 
occurrence of DIC.

D-D is significantly increased under pathologi-
cal conditions of hypercoagulability and throm-
bosis, and is a sensitive and specific index of 
secondary hyperfibrinolysis [19-21]. It was 
observed in this experiment that the plasma 
D-D levels in the mild trauma group and severe 
trauma group were significantly increased at 3 
and 7 d after trauma, and they were remarkably 
higher in the severe trauma group than those in 
the mild trauma group. These results suggest-
ed that coagulation disorder and hyperfibrinoly-
sis easily occur in patients with severe multiple 
trauma due to the imbalance of the inflamma-
tion-coagulation system. Within 3-7 d after 
admission, the D-D level gradually declined in 
the non-DIC group while it continuously 
increased in the DIC group. And D-D level was 
significantly higher in the DIC group than that in 
the non-DIC group (P<0.05), indicating that the 
endothelial function damage in the DIC group 

Table 6. Changes in D-D levels in the DIC group and non-DIC group at different time points

Group 
D-D (ng·mL-1)

At admission 3 d 7 d
Non-DIC group (n=22) 1011.22±241.48 946.74±208.75※※ 737.01±184.33※※

DIC group (n=10) 1233.52±278.25 1485.90±447.19※※ 1818.13±262.09※※

t 2.303 4.669 13.454
P 0.028 0.000 0.000
Note: ※※P<0.01 vs. at admission.

Figure 1. Correlations of plasma TM and APC with D-D. (A) Correlation analy-
sis between TM and D-D (r=0.6513, P=0.000), (B) correlation analysis be-
tween APC and D-D (r=0.5328, P=0.000).

fibrinolysis process in vivo 
[13-15]. APC is an activated 
form of protein C, which has 
biological effects of anticoag-
ulation and inhibition of 
response [16-18]. Results of 
this study showed that levels 
of plasma TM and APC in 
patients with multiple trau-
mas were increased, and they 
were higher in the severe trau-
ma group than those in the 
mild trauma group. At time of 
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was severe. Its effects of regulating microcircu-
lation coagulation processes and the inflam-
matory response could not be normally execut-
ed. According to the results of Pearson correla-
tion analysis, plasma TM and APC had positive 
correlations with D-D in patients with severe 
multiple trauma (r=0.6513 and 0.5328, 
P<0.01); this indicated that the increased TM 
and APC levels were important factors leading 
to coagulation disorder after trauma, and fur-
ther suggested that TM and APC have high 
clinical value for the early prediction of DIC.

Conclusion

In conclusion, the increased levels of peripher-
al plasma APC, D-D, and TM in patients with 
severe multiple trauma are correlated with the 
severity of trauma. Plasma APC, D-D and TM 
are important indexes to judge the inflamma-
tory process and severity of multiple traumas. 
Determining changes in the levels of peripheral 
plasma APC, D-D, and TM in the acute injury 
phase in patients with severe multiple trauma 
has a certain reference value for predicting DIC 
after trauma and treating patients with severe 
multiple trauma.
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