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Abstract

Background Traumatic brain injury is associated with high rates of mortality and morbidity. Trauma patients with a coagulopathy
have a 10-fold increased mortality risk compared to patients without a coagulopathy. The aim of this study was to identify the
incidence of coagulopathy and relate early coagulopathy to clinical outcome in patients with traumatic intracranial hemorrhages.
Methods Between September 2015 and December 2016, 108 consecutive cranial trauma patients with traumatic intracranial
hemorrhages were included in this study. To assess the relationship between patients with a coagulopathy and outcome, a chi-
squared test was performed.

Results A total of 29 out of the 108 patients (27%) with a traumatic intracranial hemorrhage developed a coagulopathy within
72 h after admission. Overall, a total of 22 patients (20%) died after admission of which ten were coagulopathic at emergency
department presentation. Early coagulopathy in patients with traumatic brain injury is associated with progression of hemorrhagic
injury (odds ratio 2.4 (95% confidence interval 0.8-8.0)), surgical intervention (odds ratio 2.8 (95% confidence interval 0.87—
9.35)), and increased in-hospital mortality (odds ratio 23.06 (95% confidence interval 5.5-95.9)).

Conclusion Patients who sustained a traumatic intracranial hemorrhage remained at risk for developing a coagulopathy until 72 h
after trauma. Patients who developed a coagulopathy had a worse clinical outcome than patients who did not develop a
coagulopathy.
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Introduction

Traumatic brain injury (TBI) is a major cause of mortal-
ity and disability globally, and unfortunately, mortality
and neurological morbidity has not decreased substantial-
ly over the last 30 years [9, 12, 28]. One of the most
significant parameters that influences patient outcome is
the presence of a traumatic intracranial hemorrhage (t-
ICH). Patients sustaining moderate and severe TBI (i.e.,
a Glasgow Coma Scale (GCS) between 3 and 12) often
have intracranial bleeding such as an acute subdural
hemorrhage (ASDH), an epidural hemorrhage (EDH), a
cerebral contusion (CC), a subarachnoid hemorrhage
(SAH) or a combination of them, which can be accom-
panied by secondary injury. This secondary injury may
consist of brain swelling and progression of hemorrhagic
injury (PHI) which, ultimately, could form a risk of her-
niation [12, 23]. For the focal lesions ASDH, EDH, and/
or contusions, surgical evacuation is the cornerstone of
treatment. Creating optimal conditions for surgical treat-
ment and prevention of PHI can have a major impact on
mortality and morbidity [4]. One of these conditions is a
proper hemostasis. Unfortunately, after TBI, hemostasis
is often derailed, leading to a hypocoagulopathic and—
less often—a hypercoagulopathic state [17]. Multiple
studies have found that one third of all patients who
sustained a TBI developed a coagulopathy due to trauma
[8]. Other studies related such a trauma-induced coagu-
lopathy with PHI and found it to be a powerful indepen-
dent risk factor for mortality [1, 7, 11, 25]. Patients with
a coagulopathy after TBI have a 10-fold increased mor-
tality risk in addition to a 30-fold higher risk of unfavor-
able outcome [8, 17].

While the pathophysiological mechanisms are largely un-
known, one of the most likely hypothesis is that after a TBI,
the naturally occurring abundance of tissue factor (TF) in the
microvessels of the brain is massively released into the blood-
stream [13]. This triggers the coagulation cascade via the ex-
ternal coagulation pathway leading to consumptive insuffi-
ciency of coagulation factors [14]. Another leading
(additional) hypothesis is that a combination between shock
and hypoperfusion results in activation of protein C [5, 21],
which promotes fibrinolysis through inactivation of plasmin-
ogen activator inhibitor-1 [27]. These hypotheses are mainly
theorized and based on scarce empirical evidence.

Thus, there is a lack of insight into TBI-associated coagu-
lopathies that sharply contrasts with their potential clinical
consequences. First and foremost, it is unknown whether or
not the coagulopathy is associated with intracranial hemor-
rhage after trauma. This multicenter cohort study aims to de-
scribe the incidence and time course of coagulopathy in pa-
tients with t-ICH. Additionally, the relation between TBI-
associated coagulopathy and outcome will be explored.
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Material and methods
Study population

Consecutive adult patients with TBI after isolated blunt
head trauma between September 2015 and December
2016 were identified from the emergency department
(ED) registry in three cooperating level 1 trauma centers
within the University Neurosurgical Center Holland
(Leiden University Medical Center, Haga Teaching
Hospital, and Haaglanden Medical Centrum). In this re-
cruitment period, the observational study CENTER-TBI
was also active and did include the same patients as this
study [24]. However, no data of the CENTER-TBI study
was used. Patients were included when (1) they had suf-
fered from TBI, (2) had presence of an intracranial hem-
orrhage (ASDH, EDH, SAH, CC) confirmed by the first
posttrauma computed tomography (CT) scan, and (3)
were primary presented to the participating hospital with-
in 6 h after injury. Patients were excluded in case they
(1) suffered from severe extracranial injuries (non-head
Abbreviated Injury Score (AIS) > 3), (2) had no coagu-
lation parameters available, (3) had a history of coagula-
tion disorders, and (4) used anticoagulants. Medical
Ethics Committee approval was granted (G16.087).

Study parameters

The following data were collected: demographic baseline
data, GCS at ED presentation, extracranial AIS, medical
history categorized by the American Society of
Anesthesiologists Physical status Classification system
(ASA) [6], surgeries performed on the patient, ICU ad-
mission, length of stay, and mortality. The use of anti-
coagulants or antifibrinolytics during hospital stay was
not considered because this information was not readily
available. Patients who died during hospital admission
were categorized as follows: died within 24 h after hos-
pital admission, died between 24 and 48 h, died be-
tween 48 and 72 h, or died within 72 and 96 h and
died after 96 h.

Definition of coagulopathy

Patients were categorized into a coagulopathy and a no-
coagulopathy group, based on the coagulation profile drawn
at presentation to the ED. Coagulopathy was defined as an
international normalized ratio (INR) > 1.20 and/or a platelet
count below 150 x 10°/ul and/or an activated partial throm-
boplastin time (APTT) > 34.5 s [2, 31]. To investigate the
incidence of coagulation, blood drawn after 24, 48, 72, and
96 h of admission was also included, if available.
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Cranial computed tomography

All evaluations of CT scans were extracted from the original
report by the radiologist who was unaware of the study during
the conduct of the report. PHI was defined as an increase in
volume of the initial hemorrhage or development of new in-
tracranial hemorrhages at sites distant from previous lesions,
at the discretion of the attending radiologist. Patients who had
no follow-up CT scan because they were clinically stable were
classified as no PHI.

Statistical analysis

The mean and standard deviation (SD) or median and inter-
quartile range (IQR) were calculated according to distribution
and scale of measurement. To assess the relationship between
patients who developed coagulopathy at ED presentation and
mortality or PHI, a chi-squared test was performed with mor-
tality and PHI as outcome variables. For these outcome vari-
ables, an odds ratio (OR) with a 95% confidence interval (CI)
was calculated. All analyses were performed using the
Statistical Package for Social Sciences (SPSS 25.0).

Results
Subject recruitment

From a total of 231 potential study patients with a t-ICH, 108
were included. Fifty-four patients were excluded because of
anticoagulant usage, 29 patients were excluded because of sec-
ondary referral, and forty patients were excluded because of
missing coagulation status at the participating hospital (Fig. 1).

Baseline characteristics

Median cohort age was 60 years (interquartile range (IQR)
31), and gender distribution was equal (Table 1). Based on
the ASA physical status classification, only three patients
(3%) had a severe systemic disease. Most patients were diag-
nosed with an ASDH (61%) followed by a SAH (59%), an CC
(56%), and an EDH (16%). Sixty-nine patients (64%) present-
ed with a skull fracture. Many patients (69%) sustained a
combination of t-ICH. The most frequent combinations were
ASDH + CC + SAH (17%) and ASDH + SAH (16%).

Twenty-eight patients underwent a total of 38 surgical in-
terventions. The most frequently performed procedure was a
decompressive craniotomy (29%) followed by a craniotomy
with evacuation of the hemorrhage (28%), placement of an
intracranial pressure measurement device (24%), and place-
ment of an external ventricular drain (21%).

Screened
patients:
231

Anticoagulant
Usage:
54

Transported
from non-study
hospital:

17

Transported to
non-study
hospital:

12

Missing
coagulation

status:
40

AV 4

Patients

included:
108

Fig. 1 Flowchart
Coagulopathy at ED presentation vs. no coagulopathy

Of the 108 patients, thirteen patients (12%) showed a coagu-
lopathy on ED presentation leaving 95 patients (88%) with
undisturbed coagulation parameters at presentation to the
ED. Baseline parameters, including age and AIS at arrival,
were similar in the coagulopathy and no-coagulopathy groups
(Table 2). Male preponderance was existent in the coagulop-
athy group compared to the no-coagulopathy group (77 vs.
47%). Patients in the coagulopathy group presented with a
lower GCS (median (IQR) GCS of 5 (5) compared to 13 (6)
in the no-coagulopathy group (p = 0.00)), which reflects the
severity of the injury. The majority of patients in the coagu-
lopathy and no-coagulopathy group had an ASA score of <2
before trauma (98% and 92%, respectively), which reflects the
healthy status of patients in both groups. In the coagulopathy
group, most patients sustained a combination of ASDH+CC+
SAH (46%) followed by ASDH+SAH (23%) and the third
most common intracranial hemorrhage was an ASDH
(15%). In the no-coagulopathy group, most patients sustained
a combination of ASDH+SAH (16%) followed by ASDH+
CC+SAH (13%) and ASDH+CC (12%).

The proportion of patients that required surgery was twice as
large in the coagulopathy group relative to the no-coagulopathy
group (46% vs. 23%) with an OR of 2.8 (95% CI 0.87-9.35),
and patients in the coagulopathy group were more likely to be
admitted to the ICU than patients in the no-coagulopathy group
(92% vs. 62%) with an OR of 7.3 (95% CI 0.91-58.71).
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Table 1  Clinical characteristics of the study cohort, consisting of 108
patients who sustained an acute traumatic intracranial bleeding.
Continuous variables denoted as means with standard deviation (SD),
categorical data as counts (%). Median was used when there was non-
normal distribution with interquartile range (IQR)

Characteristics n (%)
Total patients 108 (100)
Age, median (IQR) 60 (31)
Male sex 55 (51)
ASA score
Normal healthy person 67 (62)
Person with a mild systemic disease 38 (35)
Patient with a severe systemic disease 33
GCS on admission, median (IQR) 12 (8)
Type of lesion *

ASDH 66 (61)
EDH 17 (16)
CC 60 (56)
SAH 64 (59)
Combination of hemorrhages 75 (69)
Extracranial AIS on admission, median (IQR) 2)
Number of CT-scans performed, median (IQR) 2(D)
Midline shift 31(29)
Skull fracture 69 (64)
Progression of hemorrhagic injury 38 (35)
In-hospital mortality 22 (20)
Coagulation Parameters
HB, mean (SD) 8.2 (1.1)
Platelets, mean (SD) 230.7 (67.7)
Hypertension 24(22.2)
Duration of hospital stay, median (IQR) 8 (11)
Admitted to ICU 71 (66)
Patients operated 28
Operations performed 38
Evacuation of hemorrhage 10 (10)
Intracranial pressure monitoring device 9(8)
Decompressive craniectomy 11 (10)
External ventricular drain 8(7)

Some patients had multiple intracranial lesions

ASA American Society of Anesthesiologists, GCS Glasgow Coma Scale,
ASDH acute subdural hemorrhage, EDH epidural hemorrhage, CC cere-
bral contusion, SAH subarachnoid hemorrhage, AIS Abbreviated Injury
Scale, CT scan computed tomography scan, 4B hemoglobin, /CU inten-
sive care unit

The median number of CT scans taken during admission
was similar for both groups being two per patient. There was a
higher proportion of skull fractures in the coagulopathy group
than in the no-coagulopathy group (77% vs. 62%) with an OR
of 2.0 (95% CI 0.53-7.87). Patients with coagulopathy pre-
sented with a higher rate (62%) of midline shift compared to
the no-coagulopathy group (62 vs. 24%) with an OR of 5.0
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(1.49-16.83). Overall, a total of 22 patients (20%) died. CT
scan analysis demonstrated that a total of 38 patients (35%)
suffered from PHI. A higher proportion of PHI was found in
the coagulopathy group (54%) compared to the no-
coagulopathy group (33%) with an OR of 2.4 (95% CI 0.8—
8.0). Although the former was non-significant, the observa-
tion that a higher proportion of patients died in the coagulop-
athy group (77%) compared to the no-coagulopathy group
(13%) with an OR 23.06 (95% CI 5.5-95.9)) was significant.

In the subgroup of patients with only focal lesions, thirteen
(13%) showed a coagulopathy on ED presentation of 99 pa-
tients. The relation with future events was almost similar: PHI
OR 2.3 (95% CI 0.7-7.3), for surgery OR 2.5 (95% CI1 0.7—
8.1), admission to the ICU OR 6.4 (95% CI 0.8-52), and
mortality OR 20.6 (95% CI 4.9-86).

Coagulopathy parameters

Patients with coagulopathy at ED presentation had a mean
INR of 1.19 (95% CI 1.12-1.26), a mean APTT of 38.7
(32.0-45.3) s and a platelet count of 170 (93-247) x 10°/ul.
Patients without a coagulopathy had a mean INR of 1.00
(1.00-1.02), APTT of 27.0 (26.4-27.6) s, and a platelet count
0f 240 (229-250) x 10*/ul. In the coagulopathy group, 53.4%
demonstrated an elevated APTT, 46.2% had a low platelet
count, and an INR > 1.2 of was observed in 15.4% of patients
(Table 2). A medical history of hypertension (HT) was found
in 24 patients, 23 in the no-coagulopathy group, and one in the
coagulopathy group (p value 0.15). Patients with HT used
diuretics (50%), beta blockers (33%), angiotensin-
converting-enzyme inhibitors (21%), angiotensin-II-receptor
blockers (13%), calcium channel blockers (8%), or no medi-
cation (8%).

Time course of coagulopathy and association
with outcome

Patients in the studied cohort often developed a coagulopathy
in the days after trauma. Within 96 h after trauma, a total of 29
(27%) patients developed a new coagulopathy. This study
found an incidence of coagulopathy of 12.0%, 7.9%, 11.5%,
and 0% for 0 to 24 h, 24 to 48 h, 48 to 72 h, and 72 to 96 h after
hospital admission respectively (Fig. 2). In fourteen patients,
the coagulopathy resolved within 96 h after trauma.

Six patients (three coagulopathic and three non-
coagulopathic) died the first 24 h after admission, while four
patients (two coagulopathic and two non-coagulopathic) died
between 24 and 48 h following hospital admission.
Furthermore, two patients (both coagulopathic) died between
48 and 72 h and one patient (non-coagulopathic) died between
72 and 96 h after admission. An additional nine patients (six
coagulopathic and three non-coagulopathic) died 96 h after
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Table 2 Characteristics of no-

coagulopathy and coagulopathy Characteristics Non-coagulopathic ~ Coagulopathic patients at ~ p value

group. Continuous variables patients, 7 (%) admission, 7 (%)

denoted as means with standard

deviation (SD), or medians with Total patients 95 (88) 13 (12)

interquartile range (IQR) and Age, median (IQR) 61 31) 58 (35) 0.92

categorical data as proportions Male sex 45 (47) 10 (77) 0.05

(%) ASA score
A normal healthy person 62 (65) 59 0.06
Patient with a mild systemic disease 31 (33) 7 (53) 0.29
Patient with a severe systemic disease 22) 1(8) 0.25
GCS on admission, median (IQR) 13 (6) 5(5) 0.00
Type of lesion*
ASDH 55(58) 11 (85) 0.07
EDH 17 (18) 0(0) 0.10
cC 52 (55) 8 (62) 0.65
SAH 54 (57) 10 (77) 0.17
Combination of hemorrhage 64 (67) 11 (85) 0.21
Extracranial AIS on admission, median (IQR) 23) 0(Q) 0.14
CT-scans performed, median (IQR) 2(1) 2(2) 0.55
Midline shift 23 (24) 8 (62) 0.01
Skull fracture 59 (62) 10 (77) 0.30
Progression of hemorrhagic injury 31(33) 7 (54) 0.10
In-hospital mortality 12 (13) 10 (77) 0.00
HB, mean (SD) 8.3 (0.9) 7.3 (1.9) 0.00
Platelets, mean (SD) 239 (49.9) 170 (127.5) 0.00
Hypertension 23 (24.2) 1(7.7) 0.15
Duration of hospital stay, median (IQR) 8(9) 3(14) 0.52
Admitted to ICU 59 (62) 12 (92) 0.03
Patients operated 22 (23) 6 (43) 0.16
Operation performed 29 (31) 8 (62) 0.08
Evacuation of hemorrhage 8 (8) 2 (15) 0.42
Intracranial pressure monitoring device 7 (6) 3(23) 0.10
Decompressive craniectomy 7 (6) 3(23) 0.10
External ventricular drain 8 (8) 0(0) 0.28

Coagulopathy was defined as an international normalized ratio (INR) > 1.2 and/or a platelet count below 150 x
10% /ul and/or activated partial thromboplastin time (APTT) > 34.5 s

ASA American Society of Anesthesiologists, GCS Glasgow Coma Scale, ED emergency department, ASDH acute
subdural hemorrhage, EDH epidural hemorrhage, CC Cerebral Contusion, SAH subarachnoid hemorrhage, AIS
Abbreviated Injury Scale, CT scan computed tomography scan, HB hemoglobin, /CU intensive care unit, /CP

intracranial pressure

hospital admission. A total of 22 patients died of which ten
were coagulopathic upon presentation to the ED (Fig. 3).

Discussion

In this observational cohort study of 108 patients with an acute
t-ICH, thirteen patients (12%) developed a coagulopathy with-
in 24 h after trauma and 22 (20%) patients died within 96 h
after admission. The new coagulopathy was not confined to
the first 24 h and even occurred at 72 h after trauma.

Furthermore, coagulopathy was associated with PHI, surgical
intervention, and strongly associated with in-hospital death.
Patients who sustained a TBI should therefore be closely mon-
itored because they can develop a coagulopathy and conse-
quently deteriorate in the days following trauma. Although
coagulation derailments have been studied previously in the
general TBI population, this is one of the first reports showing
the occurrence of a coagulopathy in patients who sustained t-
ICH [2, 10]. In a recent review by Epstein and colleagues, 22
retrospective and prospective cohort studies were analyzed to
examine the incidence and clinical outcome of coagulopathy
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Fig. 2 Time course of
coagulopathy. Y-axis, total

patients. The incidence of
120

Timecourse coagulopathy

coagulopathy was 12.0%, 7.9%,
11.5%, and 0% for 0 to 24 h, 24 to
48 h,48to 72 h,and 72t0 96 h
after admission, respectively
(defined as an international
normalized ratio (INR) > 1.2 and/
or a platelet count below 150 x
103/l and/or activated partial
thromboplastin time (APTT) >
34.5s)

0-24h

48-72h

24-48h 72-96h

® Coagulopathic M Patients at risk

in the general TBI population [8]. They found a pooled inci-
dence of 35.2% (95% CI 29.0—41.4), which is higher than
reported in this study (27%). However, the definition of coag-
ulopathy as reported by this review was not consistent and
included different combinations of INR, platelet count, pro-
thrombin time (PT), APTT, fibrinogen, disseminated intravas-
cular coagulation score, modified coagulopathy score, and
alpha-2 plasmin inhibitor value. In general, the incidence of
coagulopathy after TBI appears to be highly dependable on
the used cutoff value and time of blood draw. The current
study made use of the INR as a marker for coagulopathy as
opposed to a prolonged PT, to avoid interassay variation in PT
analyses used by different institutions.

There remains a discrepancy in reports on the time course
of coagulopathy. Some studies report an increase of TBI pa-
tients who develop a coagulopathy after the presentation at the
ED, others report a decrease in coagulopathy incidence [3, 15,
16, 22, 30, 32]. This study found an incidence of around 10%
for 24, 48, and 72 h after trauma, indicating that patients with
TBI remain at risk for developing a coagulopathy days after

Fig.3 Mortality in cohort. A total
of 22 patients died during
admission of which ten (45%
(odds ratio 23.06 (95%
confidence interval 5.5-95.9))
were coagulopathic at
presentation to the emergency
department

[
(=)

O P N W M U O N 0 WO
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the trauma. Only after 72 h, no patients developed a new
coagulopathy in this cohort.

This study found a higher proportion of PHI in the coagu-
lopathy group than in the no-coagulopathy group (54% vs.
33%) (OR of 2.4 (95% CI 0.8-8.0)) which is comparable to
other studies [1, 18]. Despite the heterogenic definition and
cutoff values used, the majority of studies have linked coagu-
lopathy with an increased risk of PHI [1, 7, 18, 20, 26], al-
though some studies report no relation between PHI and co-
agulopathy (i.e., unchanged additional CT scans in patients
with coagulopathy after TBI) [19, 29]. Naturally, part of the
PHI is explained by the severity of the primary brain injury
more so than by secondary PHI, induced by (unrecognized)
coagulopathy.

Finally, this study found a strong relation between coagu-
lopathy and in-hospital mortality. This is similar to recent
studies that reported a much higher mortality rate for
coagulopathic patients than for patients who did not have a
coagulopathy. Moreover, in these studies, the same cutoff val-
ue was used to define a coagulopathy (INR > 1.2) [1, 32].

Mortality

24-48 48-72 72-96

B Coagulopathic B Non-coagulopathic
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Strengths and limitations

Most studies that observed a correlation between coagulopa-
thy and TBI focused on the broad TBI population or on spe-
cific subgroups based on GSC, time interval, age, or the pres-
ence of extracranial injury. This is one of the first studies that
identify a coagulopathy in patients with intracranial hemor-
rhages after TBI. In patients with an intracranial hemorrhage,
proper hemostasis is vital to prevent the initial hemorrhage to
further expand and cause secondary injury.

Selection bias is an important consideration in this obser-
vational study. In the current cohort, the coagulation assess-
ment (INR, APTT, and platelet analysis) was performed fol-
lowing indication by the treating physician, which explains
why less information was available on coagulopathy status
in the days after presentation. A variation in iatrogenic correc-
tion of coagulopathy could also interfere with the time course
of coagulopathy. This study did not take correction of coagu-
lation into account. Because it was not in the protocol to have
the coagulation status checked the days after trauma, the rela-
tionship between clinical outcome (mortality, surgical inter-
vention and PHI) and coagulation status has only been ex-
plored for blood drawn at ED presentation.

In the participating hospitals, performing an additional CT
scan occurs on indication only. This may lead to biased PHI
rates, as neurologically unstable patients are usually indicated
for an additional CT scan. Patients with t-ICH who remained
clinically stable did not have a follow-up CT scan.

Patients with a coagulopathy within 24 h after trauma pre-
sented with a lower mean GCS than patients without a coag-
ulopathy (6.1 vs. 10.9) and thus have a worse initial prognosis.
Whether or not the coagulopathy is an independent risk factor
and/or possibly (partly) causes intracranial bleeding are topics
for future research.

Future

An important question is whether an intervention exists that
can reduce PHI, induced by the coagulopathy after TBI. To
tackle this clinical problem, one must find a therapeutic target,
constructed from pathophysiological insights. However, coag-
ulopathy after TBI is the result of a complex mechanism that is
still largely unknown [25]. Due to the lack of understanding
on how TBI induces coagulopathy, no evidence-based clinical
intervention is available to prevent or treat the contribution of
coagulopathy to the development of secondary injury after
TBL

In the future, the authors will set up a multicenter case-
cohort study within the already active Net-QuRe and
CENTER-TBI studies to identify differences in specific coag-
ulation parameters between patients with PHI and patients
who did not develop secondary hemorrhages [24].

Conclusion

Coagulopathy after TBI is a complex mechanism that is not
fully understood. Patients who sustained an intracranial hem-
orrhagic injury remained at risk for developing a coagulopathy
until 72 h after trauma. Early coagulopathy is associated with
PHI, surgical intervention, and increased in-hospital mortality
of patients who sustained t-ICH. This indicates that more ex-
tensive etiological research with a detailed analysis of the
coagulation status after TBI is needed to improve critical care,
lower mortality, and improve neurological prognosis for these
patients.
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