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Abstract

Background: Hyperfibrinolysis is a critical complication in severe trauma. Hyperfibrinolysis is traditionally diagnosed
via elevated D-dimer or fibrin/fibrinogen degradation product levels, and recently, using thromboelastometry.
Although hyperfibrinolysis is observed in patients with severe isolated traumatic brain injury (TBI) on arrival at the
emergency department (ED), it is unclear which factors induce hyperfibrinolysis. The present study aimed to
investigate the factors associated with hyperfibrinolysis in patients with isolated severe TBI.

Methods: We conducted a multicentre retrospective review of data for adult trauma patients with an injury severity
score 2 16, and selected patients with isolated TBI (TBI group) and extra-cranial trauma (non-TBI group). The TBI
group included patients with an abbreviated injury score (AlS) for the head = 4 and an extra-cranial AIS < 2. The
non-TBI group included patients with an extra-cranial AlS = 3 and head AIS < 2. Hyperfibrinolysis was defined as a
D-dimer level 238 mg/L on arrival at the ED. We evaluated the relationships between hyperfibrinolysis and injury
severity/tissue injury/tissue perfusion in TBI patients by comparing them with non-TBI patients.

Results: We enrolled 111 patients in the TBI group and 126 in the non-TBI group. In both groups, patients with
hyperfibrinolysis had more severe injuries and received transfusion more frequently than patients without
hyperfibrinolysis. Tissue injury, evaluated on the basis of lactate dehydrogenase and creatine kinase levels, was
associated with hyperfibrinolysis in both groups. Among patients with TBI, the mortality rate was higher in those with
hyperfibrinolysis than in those without hyperfibrinolysis. Tissue hypoperfusion, evaluated on the basis of lactate level,
was associated with hyperfibrinolysis in only the non-TBI group. Although the increase in lactate level was correlated
with the deterioration of coagulofibrinolytic variables (prolonged prothrombin time and activated partial
thromboplastin time, decreased fibrinogen levels, and increased D-dimer levels) in the non-TBI group, no such
correlation was observed in the TBI group.

Conclusions: Hyperfibrinolysis is associated with tissue injury and trauma severity in TBI and non-TBI patients. However,
tissue hypoperfusion is associated with hyperfibrinolysis in non-TBI patients, but not in TBI patients. Tissue
hypoperfusion may not be a prerequisite for the occurrence of hyperfibrinolysis in patients with isolated TBI.
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Background

The acute phase of severe trauma is a frequent setting for
trauma-induced coagulopathy, which may develop into se-
vere haemorrhage due to coagulation abnormalities and
contribute to a poor outcome [1-11]. Hyperfibrinolysis is
one of the distinctive features of trauma-induced coagu-
lopathy [1-11]. Hyperfibrinolysis has been traditionally
recognized by the presence of elevated D-dimer or fibrin/
fibrinogen degradation product levels [2—6]. In addition,
recent studies have reported that hyperfibrinolysis is
detected as clot lysis on thromboelastometry [7-11]. In
thromboelastometry, clot lysis is observed when the «,-
antiplasmin cannot inhibit the action of free plasmin
activated by tissue-plasminogen activator (t-PA) in
blood samples [9]. On the other hand, elevation of the
D-dimer level results from degradation of fibrin by
plasmin, regardless of the marked increase in free t-PA
level and consumption of a,-antiplasmin [12]. There-
fore, elevated D-dimer levels may be a sensitive indica-
tor of hyperfibrinolysis and a predictor of poor
outcome in patients with severe trauma [3, 5, 9].

In patients with isolated severe traumatic brain injury
(TBI), hyperfibrinolysis is often observed on arrival at
the emergency department (ED), and is associated with
intracranial haematoma enlargement [5, 6, 13-16].
Furthermore, hyperfibrinolysis contributes to the devel-
opment of coagulopathy and a poor outcome in isolated
severe TBI [5, 14—16]. Maegele proposed that hyperfibri-
nolysis was induced by tissue hypoperfusion in TBI [16].
Furthermore, Cohen at al. [17] reported that TBI alone
does not cause hyperfibrinolysis and coagulopathy, but
must be coupled with tissue hypoperfusion. Conversely,
Lustenberger et al. [18] indicated that tissue hypoperfu-
sion was not essential for the development of coagula-
tion abnormalities in patients with severe TBL
Therefore, the relationship between tissue hypoperfusion
and hyperfibrinolysis remains unclear in patients with
isolated TBI.

As is the case with hypoperfusion, tissue injury is spec-
ulated to independently cause hyperfibrinolysis in severe
trauma [1-3, 13, 14, 19, 20]. Immediately after trauma,
microparticles exposing tissue factor [13, 19, 21-23] and
damage-associated molecular patterns (DAMPs), such as
histones [24, 25] and mitochondrial DNA [26], are re-
leased from damaged tissue into the systemic circulation
and activate the coagulation system. The activation of
the coagulation system triggers the activation of the
fibrinolytic system, thus leading to the generation of
plasmin [27]. Massive tissue injury induces excessive
release of tissue factor and DAMPs and unregulated ac-
tivation of the coagulation system [1, 3, 13, 14, 24-26],
which induces increased plasmin generation and the
consumption of alpha 2-plasmin inhibitor [13, 14, 20, 28].
Low levels of alpha 2-plasmin inhibitor may lead to
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accelerated fibrinolysis and result in hyperfibrinolysis
[13, 14, 20, 28]. However, the pathophysiological role
of tissue injury and hypoperfusion in the development
of hyperfibrinolysis remains unclear in patients with
and without TBL

The present study aimed to investigate the factors
associated with hyperfibrinolysis in patients with isolated
severe TBI. We evaluated the relationships between
hyperfibrinolysis and injury severity/tissue injury/tissue
perfusion in patients with TBI by comparing them with
non-TBI patients.

Methods

Patient selection and data collection

This retrospective study investigated coagulation disorders
in patients with severe trauma at 15 tertiary emergency
and critical care centres in Japan (Japanese Observational
Study for Coagulation and Thrombolysis in Early Trauma,
J-OCTET). The J-OCTET recruited consecutive patients
with severe trauma with an injury severity score (ISS) > 16,
who were admitted to EDs from January 2012 through
December 2012 for the purpose of investigating coagula-
tion abnormalities, transfusion, and mortality [3, 29, 30].
Patients were excluded if they were younger than 18 years;
pregnant; or exhibited cardiac arrest, burns, isolated cer-
vical spine injury not caused by a high-energy accident, or
liver cirrhosis. The laboratory test results, which were
promptly obtained on arrival at the ED, clinical back-
ground, treatment, and outcome of the patients were
retrospectively analysed.

In the present study, we selected patients with isolated
TBI and patients with severe extra-cranial trauma with-
out TBI from the J-OCTET database. Patients were
excluded if: (1) they had used anti-coagulant or anti-
platelet drugs before the accident; (2) they had received
infusions before arrival in the ED; (3) they had penetrat-
ing trauma; or (4) the D-dimer level had not been
measured on arrival at the ED.

Definitions

We defined patients with isolated TBI (the TBI group) as
patients with an abbreviated injury score (AIS) for the
head >4 and an extra-cranial AIS < 2. Patients with iso-
lated TBI and with a head AIS of 3 and extra-cranial AIS
<2 were not included, because the J-OCTET recruited
only patients with severe trauma, with an ISS>16.
Patients with severe extra-cranial trauma without TBI (the
non-TBI group) were defined as patients with an extra-
cranial AIS>3 and head AIS <2. Hyperfibrinolysis was
defined as a D-dimer level > 38 mg/L on arrival at the ED,
on the basis of our previous study, which indicated that a
high D-dimer level was a strong predictor of poor out-
come [3]. Lactate was used as a surrogate marker of tissue
hypoperfusion, similar to previous studies [2, 7, 11].
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Lactate dehydrogenase (LDH) and creatine kinase (CK)
were used as surrogate markers of tissue injury, because
they are expressed by brain tissue and muscle as well as
various other tissues [31, 32]. The patient’s outcome was
evaluated according to mortality rates at 24 hours,
48 hours, and 28 days, and at the time of hospital dis-
charge (in-hospital mortality).

Statistical analysis

All variables are expressed as the median and inter-
quartile range (i.e., the first to third quartiles) or num-
ber (percentage). Intergroup comparisons were made
using the Mann—Whitney U test or x> test. Multiple
logistic regression analysis was used to assess relation-
ships  between  hyperfibrinolysis = and  patient
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characteristics. Patient age and sex were used as covari-
ates in the multiple logistic regression analysis. Correla-
tions between two measurements were investigated via
Pearson’s correlation analysis after logarithmic trans-
formation. SPSS 22.0 J (SPSS Inc., Chicago, IL, USA)
was used for all statistical analyses. The level of signifi-
cance was set at P < 0.05; we did not conduct or adjust
for multiple tests because of the retrospective, explora-
tory nature of this study.

Results

Patient characteristics

The TBI group included 111 patients and the non-TBI
group included 126 patients (Fig. 1). The patient charac-
teristics in the TBI and non-TBI groups are shown in

n =796

Severe trauma patients

Severe extra-cranial trauma with severe TBI

n = 360

Penetrating trauma
n=5

Anti-coagulation drugs
Anti-platelet drugs
n=41

No measurement of D-dimer
n =128

Prehospital infusion
n =25

Isolated severe TBI

TBIgroup n = 111

Severe extra-cranial trauma without TBI

Non-TBI group n = 126

Fig. 1 Flow chart of the selection of patients in the traumatic brain injury (TBI) and non-TBI groups. The Japanese Observational Study for Coagulation
and Thrombolysis in Early Trauma (J-OCTET) recruited 796 patients with severe trauma with an injury severity score 2 16, who were admitted to the
emergency department (ED). Patients with isolated severe TBI were defined as patients with an abbreviated injury score (AIS) for the head = 4 and an
extra-cranial AlS < 2. Patients with severe extra-cranial trauma without TBI (non-TBI patients) were defined by an extra-cranial AlS = 3 and head AlS < 2.
Patients were excluded if they had used anti-coagulant or anti-platelet drugs before the accident or received an infusion before arrival at the ED.
Patients with penetrating trauma and those whose D-dimer levels were not measured on arrival at the ED were also excluded
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Table 1. The patients in the TBI group were older than
those in the non-TBI group. The revised trauma scores
in the TBI group were worse than those in the non-TBI
group. Although many variables differed between the
two groups, the D-dimer levels on admission to the ED
were not different.

Table 2 presents the characteristics of patients with
and without hyperfibrinolysis in each group. On arrival
at the ED, 34 (31%) and 46 (37%) patients in the TBI
and non-TBI groups, respectively, were diagnosed as

Table 1 Characteristics of the patients

TBI Non-TBI P value
n=111 n=126

Age, years 64 (43-76) 44 (30-64) <0.001
Male, n (%) 83 (75) 82 (65) 0.105
ISS 25 (17-26) 21 (17-27) 0.044
Revised trauma score 6.90 (597-7.84) 7.84 (7.11-7.84) <0.001
Heart rate, per min 85 (74-93) 89 (76-103) 0.034
Systolic BP, mmHg 152 (129-178) 116 (96-138) <0.001
Respiratory rate, per min 19 (18-24) 23 (18-28) 0.001
Body temperature, °C 36.2 (35.8-36.7) 36.4 (358-36.8) 0.334
Glasgow coma scale score 12 (6-14) 4 (13-15) <0.001
Time from the accident to sample collection

0-30 min, n (%) 33 (30) 29 (24) 0.122

31-60 min, n (%) 56 (51) 64 (52)

61-90 min, n (%) 7 (6) 18 (15)

91-120 min, n (%) 7 (6) 20

Over 120 min, n (%) 6 (6) 10 (8)

Unknown, n (%) 22 3(2)
Arterial blood gas analyses

pH 739 (7.35-742) 7.38(733-742) 0.061

Base deficit, mmol/L 1.2 (-04-3.0) 1.8 (0.2-44) 0.044

Lactate, mmol/L 240 (1.40-3.20) 265 (1.70-3.62) 0.081
Laboratory parameters

White blood cells, x 10°%/L 9.9 (7.3-12.8) 11.8 (9.2-160)  <0.001

Haemoglobin, g/dL 13.7 (124-14.8) 128 (11.3-144) 0.009

Platelet count, x 10%/L 183 (14.7-235) 229 (182-26.3) <0.001

AST, U/L 31 (25-44) 76 (45-156) <0.001

ALT, U/L 25 (17-34) 49 (29-100) <0.001

LDH, U/L 270 (217-327) 469 (348-723)  <0.001

CK, U/L 149 (99-246) 317 (214-532)  <0.001

PT-INR 1.01 (0.96-1.10) 1.06 (0.99-1.13) 0.009

APTT, sec 250 (23.0-28.2) 256 (235-29.0) 0306

Fibrinogen, mg/dL 246 (181-296) 229 (196-280)  0.569

D-dimer, ug/mL 224 (76-496) 238 (8.1-586) 0.500

ISS injury severity score, BP blood pressure, AST aspartate aminotransferase,
ALT alanine aminotransferase, LDH lactate dehydrogenase, CK creatine kinase,
PT-INR prothrombin time-international normalized ratio, APTT activated partial
thromboplastin time
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having hyperfibrinolysis. The frequency of hyperfibri-
nolysis was not significantly different between the
groups (P =0.340). In both groups, the injury severity
scores (ISS and revised trauma score) of the patients
with hyperfibrinolysis were higher than those of pa-
tients without hyperfibrinolysis. Although the systolic
blood pressure measurements in patients with TBI and
hyperfibrinolysis were higher than those in patients
with TBI and no hyperfibrinolysis, the systolic blood
pressure measurements in non-TBI patients with
hyperfibrinolysis were lower than those in non-TBI pa-
tients without hyperfibrinolysis. The levels of LDH and
CK related to tissue injury in patients with hyperfibri-
nolysis were greater than those in patients without
hyperfibrinolysis in both groups. The lactate levels did
not differ between patients with and without hyperfi-
brinolysis in both groups.

Haemostatic treatments and amounts of transfusion

The haemostatic treatments and amounts of transfusion
in patients with and without hyperfibrinolysis in the two
groups are presented in Table 3. Patients with hyperfibri-
nolysis were transfused larger amounts of red blood cell
concentrate and fresh frozen plasma than those without
hyperfibrinolysis, in both groups. Moreover, massive
transfusions (=10 units) were frequently performed in
hyperfibrinolytic patients in both groups.

Mortality rates

Mortality rates in patients with and without hyperfibri-
nolysis in the two groups are presented in Table 4.
Mortality rates at 24 hours, 48 hours, and 28 days and
in-hospital mortality rates were higher in hyperfibrinoly-
tic patients than in those without hyperfibrinolysis in the
TBI group only.

Factors associated with hyperfibrinolysis

Figure 2 shows the odds ratios for hyperfibrinolysis ad-
justed for age and sex. Associations between hyperfibrino-
lysis and injury severity (ISS and revised trauma score)
were observed in both the TBI and non-TBI groups. Tis-
sue injury evaluated on the basis of the LDH and CK
levels was also associated with hyperfibrinolysis in both
groups.

On analysing the relationship between hyperfibrino-
lysis and tissue perfusion, the systolic blood pressure
measurements were associated with hyperfibrinolysis
in both groups. However, hyperfibrinolysis was associ-
ated with elevated blood pressure in the TBI group,
and decreased blood pressure in the non-TBI group.
The lactate level, reflecting tissue hypoperfusion, was
associated with hyperfibrinolysis in the non-TBI group
only.
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Table 2 Characteristics of the patients with and without hyperfibrinolysis in each group

TBI P value Non-TBI P value
Hyperfibrinolysis (-) Hyperfibrinolysis (+) Hyperfibrinolysis (-) Hyperfibrinolysis (+)
n=77 n=34 n=280 n=46
Age, years 61 (41-72) 70 (51-83) 0.028 45 (36-62) 43 (26-70) 0.895
Male, n (%) 60 (78) 23 (68) 0.251 61 (76) 25 (54) 0.001
ISS 17 (16-26) 25 (25-26) 0.011 20 (17-25) 27 (18-34) 0.003
Revised trauma score 7.10 (6.17-7.84) 550 (4.09-7.84) <0.001 7.84 (7.55-7.84) 755 (6.61-7.84) 0.022
Heart rate, per min 85 (75-93) 84 (65-93) 0467 85 (71-98) 96 (85-111) 0.001
Systolic BP, mmHg 144 (126-169) 170 (138-193) 0.004 122 (103-140) 104 (87-128) 0.016
Respiratory rate, per min 19 (18-23) 20 (16-25) 0.774 22 (18-25) 24 (20-30) 0.036
Body temperature, °C 36.2 (35.8-36.7) 36.2 (356-36.8) 0.708 36.5 (35.8-36.9) 36.3 (35.7-36.6) 0.210
Glasgow coma scale score 13 (9-14) 6 (3-13) <0.001 14 (14-15) 14 (12-15) 0.017
Time from the accident to sample collection
0-30 min, n (%) 21 (28) 12 (35) 0469 17 (22) 12 (27) 0.641
31-60 min, n (%) 38 (51) 18 (53) 43 (54) 21 (48)
61-90 min, n (%) 5(@7) 2 (6) 13(17) 501
91-120 min, n (%) 79 0 (0) T 10
Over 120 min, n (%) 4(5) 2 (6) 5(6) 501
Unknown, n (%) 203) 0(0) Q) 24
Arterial blood gas analyses
pH 739 (7.35-7.43) 739 (737-742) 0.824 738 (7.34-7.43) 7.36 (7.30-7.40) 0.922
Base deficit, mmol/L 1.1 (-04-29) 1.3 (-0.2-34) 0.707 1.7 (0.1-3.9) 24 (0.6-5.9) 0676
Lactate, mmol/L 240 (1.40-3.20) 244 (1.70-2.89) 0.738 2.30 (1.50-3.26) 290 (2.00-5.77) 0454
Laboratory parameters
White blood cells, x 10°/L 8.7 (6.9-12.3) 11.2 (89-135) 0.013 11.1 (89-14.5) 13.7 (10.2-17.9) 0.009
Haemoglobin, g/dL 14.0 (12.8-14.9) 13.1 (11.8-14.3) 0.075 139 (12.0-14.8) 122 (109-13.1) <0.001
Platelet count, x 10%/L 19.1 (15.6-24.1) 17.0 (14.6-21.2) 0.170 232 (18.7-26.6) 202 (17.0-26.0) 0.079
AST, U/L 29 (24-37) 40 (29-49) 0.022 63 (33-143) 109 (64-196) 0.004
ALT, U/L 24 (17-34) 27 (17-34) 0813 44 (24-81) 73 (40-116) 0011
LDH, U/L 249 (208-301) 312 (262-377) 0.001 378 (275-518) 677 (523-1064) <0.001
CK, U/L 144 (95-232) 175 (115-300) 0.183 289 (183-442) 455 (258-749) 0.001
PT-INR 1.00 (0.96-1.05) 1.10 (0.97-1.17) 0.005 1.02 (0.96-1.07) 1.12 (1.06-1.20) <0.001
APTT, sec 24.1 (22.5-26.2) 29.8 (25.9-34.1) <0.001 249 (23.1-27.1) 28.1 (24.8-31.9) <0.001
Fibrinogen, mg/dL 260 (219-299) 207 (149-269) 0.004 248 (206-293) 215 (177-264) 0.014
D-dimer, pg/mL 10.5 (58-23.5) 93.2 (526-129.3) <0.001 122 (58-23.0) 65.0 (54.6-100.0) <0.001

ISS injury severity score, BP blood pressure, AST aspartate aminotransferase, ALT alanine aminotransferase, LDH lactate dehydrogenase, CK creatine kinase,
PT-INR prothrombin time-international normalized ratio, APTT activated partial thromboplastin time, TB/ traumatic brain injury

Associations between coagulofibrinolytic variables and

lactate level

The results of Pearson’s correlation analysis between the
coagulofibrinolytic variables and lactate levels in the two
groups are presented in Table 5. In the non-TBI group,
an increase in the lactate level was correlated with de-
terioration in each of the coagulofibrinolytic variables
(prolongation of prothrombin time (PT) and activated
partial thromboplastin time (APTT), decrease in fibrino-
gen levels, and elevation of D-dimer levels) on arrival at

the ED. However, no correlation was observed between
the lactate level and any of the coagulofibrinolytic

variables in the TBI group.

Discussion

The present study demonstrated that tissue hypoperfusion
evaluated on the basis of the lactate level was associated
with hyperfibrinolysis and deterioration of coagulofibrino-
lytic variables (prolongation of prothrombin time (PT)
and activated partial thromboplastin time (APTT),
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Table 3 Haemostatic treatments and amounts of transfusion among patients with and without hyperfibrinolysis
TBI Pvalue  Non-TBI P value
Hyperfibrinolysis (-)  Hyperfibrinolysis (+) Hyperfibrinolysis (-)  Hyperfibrinolysis (+)
n=77 n=34 n=280 n=46
Haemostatic intervention, n (%) (M 0(0) 0.504 28 (35) 25 (54) 0.034
Tranexamic acid administration, n (%) 28 (36) 14 (47) 0.630 10 (13) 16 (35) 0.003
Transfusion in the first 6 h after admission
RBC, units 0 (0-0) 0(0-4) <0001  0(0-0) 4(0-12) <0.001
FFP, units 0 (0-0) 0 (0-6) <0001 0 (0-0) 0 (0-10) 0.001
PC, units 0 (0-0) 0 (0-0) 0.168 0 (0-0) 0 (0-0) 0.06
210 units RCC, n (%) 0(0) 5(15) 0.001 709 15 (33) 0.001
Transfusion in the first 24 h after admission
RBC, units 0 (0-0) 0 (0-8) <0.001 0 (0-0) 6 (0-16) <0.001
FFP, units 0 (0-0) 0 (0-6) <0.001 0 (0-0) 4(5-12) <0.001
PC, units 0 (0-0) 0 (0-0) 0.137 0 (0-0) 0 (0-0) 0.05
210 units RCC, n (%) 0(0) 8 (20) <0.001 9(11) 16 (35) 0

RBC red blood cell concentrate, FFP fresh frozen plasma, PC platelet concentrate, TBI traumatic brain injury

decrease in fibrinogen levels, and elevation of D-dimer
levels) on arrival at the ED in the non-TBI group, but not
in the TBI group. However, hyperfibrinolysis on arrival at
the ED was related to injury severity and degree of tissue
injury in both the TBI and non-TBI groups.

Previous studies indicate that tissue hypoperfusion may
contribute to the development of hyperfibrinolysis, evalu-
ated via thromboelastometry in areas outside the isolated
TBI [7-11]. In the present study, hyperfibrinolysis was as-
sociated with hypoperfusion and decreased blood pressure
in the non-TBI group (Fig. 2). Furthermore, increased lac-
tate levels were correlated with deterioration of the coagu-
lofibrinolytic variables in the non-TBI group. In the
fibrinolytic system, one of the key enzymes is t-PA, which
catalyses the conversion of plasminogen to plasmin [33].
Tissue hypoperfusion stimulates the endothelial cells and
induces the release of t-PA from the endothelial cells into
the systemic circulation [34, 35]. Furthermore, this
acute and massive t-PA release induces hyperfibrinoly-
sis [2, 7, 8, 10, 36—39]. Previous studies [17, 18] that
investigated the relationships between hyperfibrinoly-
sis and hypoperfusion in isolated TBI involved more
than twice the number of patients with a base deficit

(BD) >6 mEq/L than that included in the present
study. Although the present study was limited to pa-
tients with isolated blunt TBI, previous studies also
included patients with penetrating brain injury [17,
18]. Moreover, injuries to organs other than the brain
were more severe (AIS < 3) than those reported in our
study (AIS<2) [17, 18]. Therefore, the effects of in-
juries to organs other than the brain and/or penetrat-
ing brain injuries should have demonstrated a more
pronounced effect on the elevation of BD in the pre-
vious studies, when compared with our findings.

We demonstrated that tissue injury, evaluated on the
basis of the LDH and CK levels, was associated with
hyperfibrinolysis in both the TBI and the non-TBI
groups (Fig. 2) in the present study. LDH and CK have
been reported to be associated with severity of multiple
trauma [40], liver injury [41], TBI [42], and crash syn-
drome [43]; thus, LDH and CK appropriately represent
the degree of trauma-induced cell destruction in various
tissues. The destroyed cells release microparticles ex-
pressing tissue factor [13, 19, 21-23] and DAMPs [24—
26], similar to LDH and CK, into the systemic circula-
tion and activate the coagulation system during the early

Table 4 Mortality rates among patients with and without hyperfibrinolysis

TBI P value Non-TBI P value

Hyperfibrinolysis (-) Hyperfibrinolysis (+) Hyperfibrinolysis (-) Hyperfibrinolysis (+)

n=77 n=34 n=2380 n=46
Mortality, 24 h, n (%) 1(1) 8 (24) <0.001 203 49 0.12
Mortality, 48 h, n (%) 34) 13 (38) <0.001 2(3) 409 0.12
Mortality, 28 d, n (%) 4(5) 17 (50) <0.001 2(3) 4(9) 0.12
In-hospital mortality, n (%) 4 (5) 17 (50) <0.001 2(3) 4 (9) 0.12

TBI traumatic brain injury
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Injury severity

ISS (per 1 point)
TBI 1.215(1.091-1.353) P < 0.001

non-TBI 1.079 (1.024-1.136) P = 0.004
RTS (per 0.1 point
TBI 0.935 (0.904-0.968) P < 0.001
non-TBI 0.945 (0.904-0.988) P = 0.012
Tissue injury
LDH (per 10 U/L

TBI 1.069 (1.022-1.119) P = 0.004

non-TBI 1.037 (1.019-1.055) P < 0.001
K ri L

TBI 1.028 (1.004-1.052) P =0.023

non-TBI 1.021 (1.009-1.033) P = 0.001
Tissue perfusion
Systolic BP (per 10 mmHg)
TBI 1.180 (1.033-1.348) P = 0.015
non-TBI 0.872 (0.763-0.996) P = 0.044
Lactate (per 1 mmol/L
TBI 1.069 (0.859-1.329) P = 0.551
non-TBI 1.326 (1.102-1.595) P = 0.003

0.7

Fig. 2 Adjusted odds ratios for hyperfibrinolysis. The odds ratios were adjusted for age and sex. Odds ratios (black squares) and 95% confidence intervals
(bars). TBI traumatic brain injury, /SS injury severity score, RTS revised trauma score, BP blood pressure, LDH lactate dehydrogenase, CK creatine kinase
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phase of trauma. The activation of the coagulation sys-
tem results in fibrin formation and triggers the activa-
tion of the fibrinolytic system, thus leading to the
generation of plasmin [27]. Consequently, the generated
plasmin induces physiological fibrinolysis [27]. However,
excessive release of microparticles and DAMPs results in
unregulated activation of the coagulation system and
formation of massive amounts of fibrin, eventually lead-
ing to consumption coagulopathy [13, 19, 21-26]. The
massive fibrin formation simultaneously induces
increased plasmin generation and the consumption of
ay-plasmin inhibitor [13, 20, 44]. Low levels of the ay-
plasmin inhibitor accelerate fibrinolysis and result in
hyperfibrinolysis [13, 20, 44].

In the present study, the aetiological factors in hyperfi-
brinolysis differed between the TBI and non-TBI groups.
Both severe tissue injury and hypoperfusion induce

Table 5 Correlations between coagulofibrinolytic variables and
lactate levels

TBI Non-TBI

Pearson’s p P value Pearson's p P value
PT-INR 0.182 0.147 0.387 <0.001
APTT 0.054 0622 0309 0.001
Fibrinogen -0.076 0.525 -0.202 0.037
D-dimer 0.014 0.902 0220 0016

Pearson’s correlation analyses were performed after logarithmic transformation
PT-INR prothrombin time-international normalized ratio, APTT activated partial
thromboplastin time, DIC disseminated intravascular coagulation, TB/ traumatic
brain injury

hyperfibrinolysis [2, 7, 8, 10, 13, 20, 36-39, 44]. In pa-
tients with injuries to the torso (non-TBI group), both
severe tissue injury and hypoperfusion are frequent com-
plications. Therefore, hyperfibrinolysis was found to be
associated with both severe tissue injury and hypoperfu-
sion in the non-TBI group. On the other hand, in pa-
tients with isolated TBI (TBI group), although tissue
injury is a common complication, hypoperfusion rarely
occurs. Therefore, in the TBI group, hyperfibrinolysis
was determined to be associated with tissue injury only,
and not tissue hypoperfusion.

Although hyperfibrinolysis in trauma patients is cur-
rently evaluated using thromboelastometry [7-11], we
used D-dimer as a surrogate marker of hyperfibrinolysis
in the present study. Thromboelastometry-indicated
hyperfibrinolysis is observed when as-antiplasmin cannot
inhibit the action of free plasmin, which is newly activated
by the t-PA in the blood sample subjected to thromboelas-
tometry [9]. Raza et al. indicated that hyperfibrinolysis
was not detected in more than 90% of trauma patients
with marked generation of plasmin using thromboelasto-
metry [9]. Therefore, thromboelastometry can detect
hyperfibrinolysis only under the conditions of high free t-
PA levels and significantly reduced o,-antiplasmin levels
[9]. However, elevated D-dimer level is a more sensitive
detection tool for hyperfibrinolysis than thromboelasto-
metry, because elevation of the D-dimer level results from
degradation of fibrin by plasmin, regardless of the marked
increase in free t-PA level and consumption of «,-anti-
plasmin [12]. However, the appropriate cut-off level for D-
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dimer for diagnosing hyperfibrinolysis is unclear. We
adopted = 38 mg/L as the cut-off level for hyperfibrinolysis
on the basis of the findings of our previous study, which
indicated poor outcomes [3].

Previous studies have investigated the relationship
between hyperfibrinolysis and tissue hypoperfusion in
severe trauma [2, 7, 9-11, 17, 18]. In these studies,
tissue hypoperfusion was assessed on the basis of
base deficit [9-11, 17, 18] or lactate level [2, 7, 11].
However, the base deficit value is affected by the bal-
ance of sodium, chloride, albumin, and lactate levels
[45]. Therefore, in the present study, we used only
the lactate level to screen for tissue hypoperfusion be-
cause lactate reflects tissue perfusion more directly
than does the base deficit [45, 46].

This retrospective multicentre study has several limita-
tions. First, the number of patients with hyperfibrinolysis
in the TBI group was not large. Statistical limitations
may be involved. Second, the anatomical characteristics
of patient injury (e.g., epidural haematoma, subdural
haematoma, and cerebral contusion) in the TBI group
were unclear. Therefore, the anatomical characteristics
of brain injury have not been appropriately reflected in
the present analysis. Third, although lactate level was
used as a surrogate marker of tissue hypoperfusion in
the present study, an increase in the lactate level was
not caused only by tissue hypoperfusion, but also by
epinephrine-induced B2-adrenoceptor stimulation [46].
In patients with severe trauma, serum epinephrine con-
centration frequently and significantly increases on ar-
rival at the ED [47]. Therefore, lactate levels in patients
with trauma may be affected by the epinephrine released
from the adrenal gland due to trauma [46].

Conclusion

Hyperfibrinolysis is associated with tissue injury in both
patients with TBI and in non-TBI patients. However, tis-
sue hypoperfusion is associated with hyperfibrinolysis in
non-TBI patients, but not in patients with TBI. Tissue hy-
poperfusion may therefore not be essential for the devel-
opment of hyperfibrinolysis in patients with isolated TBI.
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