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Factors associated with the progression of traumatic
intracranial hematoma during interventional radiology to
establish hemostasis of extracranial hemorrhagic injury in
severe multiple trauma patients

Hidenobu Ochiai, Tomohiro Abe, Hironobu Okuyama, Yasuhiro Nagamine,
Sunao Morisada, and Katsuhiro Kanemaru

Department of Emergency and Critical Care Medicine, Faculty of Medicine, University of Miyazaki, Miyazaki,
Japan

Aim: To identify factors affecting the progression of traumatic intracranial hemorrhagic injury (t-ICH) during interventional radiology
(IVR) for the hemostasis of extracranial hemorrhagic injury.

Methods: This was a retrospective comparative study. Fifty-two patients with t-ICH who underwent hemostasis using IVR for
extracranial trauma at our institute were included. Clinical and computed tomography scan data were collected to investigate factors
associated with t-ICH progression.

Results: Fifty-two subjects (36 men/16 women) with a mean age of 70.9 � 19.2 years were analyzed. The mean Injury Severity
Score was 34.9 � 11.2. In 29 patients (55.7%), t-ICH progressed during IVR. Hematoma progression frequently occurred in patients
with acute subdural hematoma (56.2%) and traumatic intracerebral hematoma/hemorrhagic brain contusion (66.6%). Factors associ-
ated with t-ICH progression included age (P = 0.029), consciousness level at admission (P = 0.001), Revised Trauma Scale
(P = 0.036), probability of survival (P = 0.043), platelet count (P = 0.005), fibrinogen level (P = 0.016), hemoglobin level (P = 0.003),
D-dimer level (P = 0.046), and red blood cell transfusion volume (P = 0.023).

Conclusion: Aggressive correction of anemia, thrombocytopenia, and low fibrinogen levels in severe consciousness disturbance
patients with acute subdural hematoma and traumatic intracerebral hematoma/hemorrhagic brain contusion could improve the prog-
nosis after IVR for hemostasis of extracranial hemorrhagic injuries.
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INTRODUCTION

SEVERE MULTIPLE TRAUMA is often accompanied
by traumatic intracranial hemorrhagic injury (t-ICH).

Notably, mortality rates increase approximately eight-fold
among cases involving t-ICH concurrent with extracranial
hemorrhagic trauma (e.g., massive hemothorax, intra-ab-
dominal organ injury, and pelvic fracture), compared with
head trauma alone.1 In such concurrent cases, immediate

hemostasis for extracranial hemorrhagic injury by inter-
ventional radiology (IVR) or surgery and the reversal of
shock using fluid replacement and blood transfusion are
the prioritized treatments. However, a t-ICH such as a
brain contusion or traumatic intracranial hematoma could
progress during treatment and worsen the patient’s
prognosis.

The progression of t-ICH during treatment could be attri-
butable to the consumption of blood coagulation factors dur-
ing persistent hemorrhage.2,3 However, the specific
characteristics and factors associated with the progression of
t-ICH during IVR for the hemostasis of extracranial hemor-
rhagic injury remains unclear. Accordingly, this study ana-
lyzed predictive factors such as patients’ background,
symptoms, blood data, and clinical course, associated with t-
ICH progression during IVR for hemostasis of extracranial
hemorrhagic injuries.
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METHODS

WE UNDERTOOK A retrospective comparative study
without negative criteria. The study protocol was

approved by the Institutional Review Board of the Faculty
of Medicine at the University of Miyazaki (Miyazaki,
Japan). Patient consent was obtained using an opt-out
model.

Among 238 patients who had undergone hemostasis by
IVR for extracranial hemorrhagic trauma between 1 April,
2012 and 31 March, 2019, 52 patients with t-ICH concurrent
with extracranial hemorrhagic trauma were included
(Fig. 1). “Severe multiple injuries” was defined as injuries at
two or more sites and a score of 3 or higher on the Abbrevi-
ated Injury Scale (AIS 90 update 98).4–6 “Traumatic
intracranial hematoma” was defined as a traumatic acute
epidural hematoma, acute subdural hematoma, traumatic
intracranial hematoma (including hemorrhagic brain contu-
sion), or traumatic subarachnoid hemorrhage evident on
computed tomography (CT) scans.

Subjects were divided into either an enlarged or non-en-
larged t-ICH group to investigate the frequency at which t-
ICH enlargement occurred during IVR and the factors asso-
ciated with its progression. Traumatic ICH enlargement was
defined as: (i) an increase in an intracerebral hematoma or
hemorrhagic brain contusion to 1.3 times the maximum size

recorded during a previous CT scan, (ii) any increase (even
slight) in an acute subdural hematoma or acute epidural
hematoma relative to the maximum size recorded during a
previous CT scan, (iii) an expanded distribution of traumatic
subarachnoid hemorrhage. Two neurosurgeons blinded to
the data (H. Ochiai and H. Okuyama) determined changes in
t-ICH status based on CT scans and clinical symptoms.
Computed tomography scans obtained at admission and
immediately after IVR (i.e., within 30 min) were used in the
analysis of each case. The change of systolic pressure during
IVR was defined as the difference between systolic blood
pressure after IVR and systolic blood pressure before IVR.

Data are presented as mean � standard deviation. Statisti-
cal analysis was carried out using SPSS (version 23; IBM,
Armonk, NY, USA). Group comparisons were undertaken

Pa�ents performed interven�onal radiology for 
hemostasis of extracranial hemorrhagic injury. 

238 cases.

Concurrent with trauma�c hemorrhagic brain 
injury with CT follow up.

52 cases

Exclusion:181cases
No intracranial injury: 

180 cases
No CT follow up:

1 case

Progression of intracranial 
lesion (+)
29 cases

Progression of intracranial 
lesion (-)
23 cases

Fig. 1. Flow chart of patients in this study. CT, computed

tomography.

Table 1. Baseline characteristics of patients with traumatic

hemorrhagic brain injury who underwent interventional radi-

ology to establish hemostasis of extracranial hemorrhagic

injury

Age 70.9 � 19.2

years

Gender

Male 36

Female 16

Cause of injury

Traffic accident 33

Fall 19

Type of intracranial injury

Acute subdural hematoma 15

Acute extradural hematoma 14

Traumatic subarachnoid hemorrhage 3

Traumatic intracerebral hematoma/brain

contusion

18

Intraventricular hemorrhage 3

Extracranial injury

Face 2

Liver 7

Spleen 4

Kidney 3

Intestine/mesenterium 1

Unstable pelvic fracture 32

Intramuscular hemorrhage (gluteus,

iliopsoas, femoral)

3

ISS 34.9 � 11.2

RTS 6.49 � 1.61

TRISS Ps 59.2 � 31.5

Data are shown as number of cases or mean � standard devia-

tion.
ISS, Injury Severity Scale; RTS, Revised Trauma Score; TRISS Ps,

Trauma and Injury Severity Score probability of survival.
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using the Mann–Whitney U-test and v2-test. Multivariate
analysis was carried out using logistic regression. The sig-
nificance criterion was set at a P-value < 0.05.

RESULTS

THE BASELINE CHARACTERISTICS of the cases are
shown in Table 1. The subjects had a mean Injury

Severity Scale score of 34.9 � 11.2, mean Revised Trauma
Score (RTS) of 6.49 � 1.61, and mean Trauma Injury and
Severity Score Probability of survival (TRISS Ps) of
59.2 � 31.5. Extracranial injuries requiring hemostasis by
IVR were observed in 32 cases of pelvic fracture, 15 cases
of abdominal organ injury, three cases of gluteal muscle
hematoma, and two cases of facial trauma. The frequency of
t-ICH progression during IVR and the associated factors are
shown in Table 2. Twenty-nine cases (55.7%) showed t-
ICH progression during IVR. Age (P = 0.029),

consciousness level (i.e., Glasgow Coma Scale [GCS]) at
admission (P = 0.001), RTS (P = 0.036), TRISS Ps
(P = 0.043), platelet count (P = 0.005), fibrinogen level
(P = 0.016), D-dimer level (P = 0.046), hemoglobin level
(P = 0.003), and red blood cell transfusion volume differed
significantly between the patients with enlarged or non-en-
larged t-ICH. The cut-off values of these factors are shown
in Table 3. Age and GCS scores were significantly corre-
lated with the enlarged t-ICH group (r = �0.405,
P = 0.029) but not with the non-enlarged t-ICH group
(r = 0.162, P = 0.47). There were no significant group dif-
ferences in AIS (chest), AIS (abdomen) scores, Japan Asso-
ciation of Acute Medicine disseminated intravascular
coagulation scores or changes in systolic blood pressure dur-
ing IVR (Table 2). There was no significant difference in
changes in systolic blood pressure during IVR in each
group. Finally, there was no significant group difference in
pre-injury antithrombotic therapy (Table 4).

Table 2. Comparison of severe multiple trauma patients with enlarged or non-enlarged traumatic intracranial hemorrhagic injury

(t-ICH), by multivariate logistic regression analysis

Enlarged t-ICH (n = 29) Non-enlarged t-ICH (n = 23) P-value

Age (years) 73.6 � 18.9 (28–99) 66.0 � 19.6 (17–85) 0.020

ISS 34.3 � 12.1 (12–68) 34.5 � 10.8 (13–57) n.s.

GCS 9.55 � 4.4 (3–15) 12.73 � 3.1 (6–15) 0.001

RTS 5.98 � 1.88 (2.3–7.8) 7.16 � 0.82 (5.6–7.8) 0.036

TRISS Ps (%) 50.3 � 34.6 (0.8–98.4) 70.9 � 22.6 (14.4–97.4) 0.043

JAAM-DIC score 4.4 � 1.6 (2–9) 4.0 � 1.7 (1–5) n.s.

AIS (chest) 2.3 � 1.7 1.9 � 1.5 n.s.

AIS (abdomen) 3.4 � 0.9 3.3 � 1.1 n.s.

sBP (mmHg) 113.4 � 34.2 (55–171) 111.7 � 24.8 (53–152) n.s.

Heart rate (b.p.m.) 95.8 � 24.2 (50–146) 94.5 � 20.6 (56–139) n.s.

SpO2 (%) 96.9 � 6.6 (69–100) 96.9 � 4.1 (83–100) n.s.

Lactate (mmol/L) 5.67 � 14.22 (1.5–16.6) 4.56 � 4.22 (0.24–15.99) n.s.

Platelets (103/lL) 120.7 � 46.9 (20–220) 165.1 � 53.6 (73–257) 0.005

Hemoglobin (g/dL) 9.079 � 2.5 (3.9–14.5) 11.432 � 2.0 (6.1–14.2) 0.003

Fibrinogen (mg/dL) 131.5 � 77.9 (27–286) 197.4 � 63.7 (82–315) 0.016

FDP (ll/mL) 317.9 � 448.2 (26.7–916.5) 209.6 � 157.6 (42–587) n.s.

D-dimer (ll/mL) 198.5 � 155.5 (14.86–542.5) 117.3 � 84.37 (5.93–323.3) 0.046

Transfused RBC/RCC (U) 9.2 � 8.3 (0–30) 5.2 � 5.6 (0–20) 0.023

Transfused FFP (U) 8.6 � 8.2 (0–30) 6.2 � 5.8 (0–25) n.s.

Transfused PC (U) 5.17 � 9.4 (0–40) 1.8 � 3.9 (0–10) n.s.

Time from injury to IVR (min) 212.4 � 121.4 (1–466) 309.0 � 78.5 (120–1380) n.s.

Change of sBP during IVR (mmHg)† �3.4 � 32.2 (�50 to 73) 11.4 � 22.1 (�20 to 59) n.s.

Data are presented as mean � standard deviation.
†Defined as systolic blood pressure (sBP) after interventional radiology (IVR) minus sBP before IVR.
AIS, Abbreviated Injury Scale; FDP, fibrin degradation product; FFP, flesh frozen plasma; GCS, Glasgow Coma Scale; ISS, Injury Severity

Scale; JAAM-DIC, Japan Association of Acute Medicine – Disseminated Intravascular Coagulation; n.s.: not significant; PC, platelet concen-

trate; RBC, red blood cell concentrate; RCC, red cell concentrate; RTS, Revised Trauma Score; TRISS Ps, Trauma and Injury Severity Score

probability of survival.
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In a subgroup analysis, according to the elapsed time from
injury to IVR (i.e., the time from injury to needle puncture
for IVR), 26 subjects underwent IVR within 3 h post-injury.
In those cases, the platelet count (P = 0.01) and D-dimer
(P = 0.04), hemoglobin (P = 0.002), and fibrin degradation
product levels (P = 0.04) were associated with t-ICH expan-
sion. The remaining 26 subjects underwent IVR more than
3 h post-injury. In those cases, GCS scores at admission and
fibrinogen levels were associated with t-ICH expansion
(Fig. 2).

Next, we undertook a subgroup analysis according to the
type of t-ICH. Hematoma progression was observed in
40.0% of traumatic subarachnoid hemorrhage cases, 56.2%
of acute subdural hematoma cases, 50.0% of acute epidural
hematoma cases, and 66.6% of traumatic intracerebral
hematoma/hemorrhagic brain contusion cases. In the acute
subdural hematoma and traumatic intracerebral hematoma/
hemorrhagic brain contusion subgroups, age (P = 0.02),
platelet count (P = 0.04), fibrinogen level (P = 0.003),
hemoglobin level (P = 0.002), and time from injury to the

start of IVR (P = 0.03) were associated with t-ICH progres-
sion (Table 5, Fig. 3). In the subarachnoid hemorrhage and
intraventricular hemorrhage subgroup, only hemoglobin
level (P = 0.03) was associated with t-ICH progression
(Table 5, Fig. 4).

DISCUSSION

IN THIS STUDY, we identified age, GCS scores at admis-
sion, RTS, TRISS Ps, platelet, hemoglobin, D-dimer

levels, fibrinogen levels, and red blood cell transfusion vol-
ume as factors significantly associated with t-ICH enlarge-
ment during IVR. The cut-off values of fibrinogen level and
platelet count were 160 mg/dL and 157.5 9 103/lL, respec-
tively. Previous reports suggested that the fibrinogen level
and platelet count should be kept normal in patients with
traumatic coagulopathy.7 Our results are consistent with
those previously reported, and these values could be useful
indicators for predicting t-ICH enlargement during IVR.
Moreover, in our study we found that the cut-off value of
the D-dimer level was 82.0 lg/mL. In isolated traumatic
intracranial hematoma progression, Nakae et al.8 reported
that the cut-off value of the D-dimer level was 37.5 lg/mL.
Our result was nearly twice as high as this. A possible rea-
son for this is that, in our study, extracranial hemorrhage
and bone fractures could modify the value. Age was consid-
ered to be a highly specific index for the enlargement of t-
ICH. Finally, we identified a high frequency of t-ICH
enlargement in patients with acute subdural hematoma and
traumatic intracerebral hematoma/hemorrhagic brain contu-
sion.

Traumatic ICHs could enlarge over time. For example,
Narayan et al. compared CT scans of patients with t-ICH

Table 3. Cut-off values of factors affecting enlargement of traumatic intracranial hemorrhagic injury during interventional radiol-

ogy to establish hemostasis of extracranial hemorrhagic injury

Factor Cut-off value AUC 95% CI Sensitivity Specificity P-value

Hemoglobin (g/dL) 11.0 0.784 0.651–0.918 0.862 0.727 0.001

Fibrinogen (mg/dL) 160 0.754 0.617–0.891 0.714 0.789 0.003

GCS 13 0.731 0.594–0.869 0.379 0.273 0.005

Platelets (103/lL) 157.5 0.724 0.582–0.866 0.138 0.455 0.007

Age (years) 80.5 0.679 0.533–0.826 0.517 0.864 0.029

RTS 5.45 0.667 0.519–0.815 0.655 0.001 0.043

TRISS Ps (%) 57.5 0.667 0.518–0.816 0.414 0.227 0.043

D-dimer (ll/mL) 82 0.647 0.492–0.801 0.793 0.45 n.s.

Transfused RBC/RCC (U) 10 0.637 0.484–0.791 0.379 0.909 n.s.

AUC, area under curve; CI, confidence interval; GCS, Glasgow Coma Scale; n.s., not significant; RBC, red blood cell concentrate; RCC, red

cell concentrate; RTS, Revised Trauma Score; TRISS Ps, Trauma and Injury Severity Score probability of survival.

Table 4. Pre-injury antithrombotic agent use in patients

with enlarged or non-enlarged traumatic intracranial hema-

toma (t-ICH) during interventional radiology to establish

hemostasis of extracranial hemorrhagic injury

Pre-injury antithrombotic

agent use

Enlarged t-

ICH

Non-enlarged t-

ICH

Yes 3 7

No 16 11

Unknown 10 5
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Fig. 2. Factors affecting the progression of traumatic intracranial hemorrhagic lesions (t-ICH). Top panels: Cases in which interven-

tional radiology for the hemostasis of extracranial hemorrhagic injury was initiated within 3 h post-injury (n = 26; 16 cases of enlarged

t-ICH and 10 cases of non-enlarged t-ICH). Bottom panels: Cases in which interventional radiology for the hemostasis of extracranial

hemorrhagic injury was initiated more than 3 h post-injury (n = 26; 15 cases of enlarged t-ICH and 11 cases of non-enlarged t-ICH).

FDP, fibrin degradation product; HGB, hemoglobin.

Table 5. Comparison of enlarged and non-enlarged traumatic intracranial hematoma (t-ICH) in patients with acute subdural hema-

toma (SDH)/contusion and subarachnoid hemorrhage/intraventricular hemorrhage (SAH/IVH)

Enlarged t-ICH Non-enlarged t-ICH P-value

Acute SDH/contusion

Age (years) 77.1 � 15.9 67.5 � 18.1 0.020

Platelet count (103/lL) 117.0 � 43.9 162.5 � 62.6 0.040

Fibrinogen (mg/dL) 117.0 � 70.1 191.1 � 61.7 0.003

Hemoglobin (g/dL) 8.8 � 2.0 11.2 � 2.2 0.002

Time from injury to IVR (min) 182.2 � 81.4 318.3 � 194.5 0.030

SAH/IVH

Hemoglobin (g/dL) 8.6 � 3.1 11.4 � 1.7 0.030

IVR, interventional radiology.
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obtained at admission and 24 h post-injury and reported that
50% showed progression during that time interval.9 Simi-
larly, Sifri et al.10 reported that 15% of patients with t-ICH
showed enlargement of the hematoma without progression
of neurological symptoms. Other studies observed that pro-
gression occurred in 60% of patients with hemorrhagic brain
contusion11 and that enlargement occurred in 17% of
patients with acute subdural hematoma.12 We observed that
56.2% and 66.6% of patients with acute subdural hematoma
and traumatic intracerebral hematoma/hemorrhagic brain
contusion, respectively, showed hematoma progression

during IVR. These t-ICH subtypes could indicate a high risk
of hematoma progression during IVR for the hemostasis of
extracranial hemorrhagic injury in severe multiple trauma
patients.

The high frequency of hematoma progression in patients
with traumatic brain injury/hemorrhagic brain contusion
might be related to the release of tissue factors from the
damaged brain. Previous reports have proposed mechanisms
of traumatic intracranial hematoma/hemorrhagic brain con-
tusion progression in patients with head trauma alone.13–17

In isolated traumatic brain injuries, the hyperfibrinolytic

Fig. 3. Subgroup analysis of age, platelet count, hemoglobin, fibrinogen, and time from injury to interventional radiology (IVR) in

patients with acute subdural hematoma/contusion with and without hematoma progression (n = 33; 21 cases of enlarged traumatic

intracranial hemorrhagic lesion [t-ICH] and 12 cases of non-enlarged t-ICH). HGB, hemoglobin.
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state evoked by a brain injury was related to tissue factors
released into the blood, microvessel failure, disruption of the
blood–brain barrier, platelet–endothelial interaction, and pla-
telet dysfunction.18–20 These conditions activated the blood
coagulation system and increased the consumption of blood
coagulation factors. Additionally, the release of endogenous
plasminogen activator was evoked and hyperfibrinolysis
occurred.18–20 Biomarkers to predict progressive hemor-
rhagic brain injury in isolated traumatic brain injury have
been reported reflecting these responses.8,21 Nakae et al.
reported that D-dimer was an important biomarker to predict
progressive hemorrhagic brain injury in isolated traumatic
brain injury, reaching a peak at 3 h after injury before
returning to baseline.8,21 Based on these reports, we divided
our group into “within 3 h” (peak fibrinolysis phase) and
“beyond 3 h” (post-fibrinolytic phase) after injury.

Conversely, when the hemorrhagic state is concurrent
with a traumatic injury, the following factors might modify

the hyperfibrinolysis state: loss of blood coagulation factor
by hemorrhage, consumption of blood coagulation factor
induced by cross-talk between endothelial inflammation and
the coagulation system, activation of protein C by thrombo-
modulin, and the dilution of blood coagulation and
hypothermia by fluid resuscitation.18–20,22 In our study, in
the group who received IVR within 3 h, fibrin degradation
product and D-dimer were associated with the progression
of hemorrhagic brain injury. However, in the group who
received IVR after 3 h, fibrinogen and GCS were the associ-
ated factors. This result might reflect the fact described
above. Another study reported that treatment with factor VII
(prothrombin complex concentrate) alleviated progressive
brain contusions.23 Platelet transfusion, anticoagulant ther-
apy, and blood pressure have all been identified as factors
related to the enlargement of acute subdural hematoma.24 In
our study, we identified the platelet count and D-dimer level
in IVR within 3 h, as well as fibrinogen level and GCS
scores in cases where IVR was delayed by more than 3 h
post-injury, as factors associated with t-ICH progression.
Our results suggest that the breakdown of hemostasis and
coagulation due to extracranial hemorrhagic trauma
enhanced the abnormalities in local blood coagulation
induced by head trauma.

We also identified hemoglobin level as a factor associated
with t-ICH progression. This potentially reflects the devel-
opment of anemia, reducing the axial flow in the arterioles,
and thus inhibiting platelets from passing near the blood ves-
sel walls.25–27 Consequently, the ability of platelets and
endothelial cells to form adhesive or aggregative interactions
would be reduced, and hemostasis would be attenuated.
Additionally, red blood cells usually enhance blood coagula-
tion by expressing anticoagulant phospholipids and releas-
ing ADP to promote the production of thromboxane A2 and
thrombin by platelets and factor IX activation on activated
platelets. However, these effects are attenuated by a decrease
in the hemoglobin level, resulting in an increased bleeding
tendency.

Regarding consciousness, our observation of a 1.5-fold
increase in the risk of t-ICH progression with every 1-point
decrease in GCS emphasizes that strict observation of the
patient’s consciousness level is vital in this context. We also
found a significant correlation between age and GCS. This
observation might reflect the fact that the aged brain is vul-
nerable to injury and prone to coagulopathy when
injured.28,29 Patients with severe consciousness disturbance
at admission are at a high risk for progression of t-ICH.
However, patients with multiple trauma who require IVR for
the hemostasis of extracranial trauma often develop hemor-
rhagic shock and require endotracheal intubation and seda-
tion. Therefore, it could be difficult to monitor changes in

Fig. 4. Subgroup analysis of hemoglobin levels in patients with

traumatic subarachnoid hemorrhage/intraventricular hemor-

rhage with and without hematoma progression (n = 18; 8 cases

of enlarged traumatic intracranial hemorrhagic lesion [t-ICH]

and 10 cases of non-enlarged t-ICH).

© 2020 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
Japanese Association for Acute Medicine

Acute Medicine & Surgery 2020;7:e580 TBI progression during IVR 7 of 9



consciousness during IVR. Potentially, continuous pupil
monitoring using a quantitative pupilometer30 and cone-
beam CT imaging during IVR could resolve this problem.
Based on our findings, in order to improve the prognosis of
patients with acute subdural hematoma/hemorrhagic brain
contusion who require IVR, clinicians must be aware that
patients with severe consciousness disturbance at admission
are at a high risk for t-ICH progression and require careful
monitoring during the procedure and to ensure the aggres-
sive correction of anemia, thrombocytopenia, and low fib-
rinogen levels.

This study has a few limitations. The number of cases
was relatively small, and the study was carried out at a sin-
gle institution. A multicenter study with a larger number of
cases could be required to confirm our results. Additionally,
as the timing of blood collection in this study was not imme-
diately before the start of IVR, treatments up to the start of
IVR might have modified blood parameters.

CONCLUSION

IN THIS RETROSPECTIVE study, we evaluated poten-
tial factors affecting t-ICH progression during IVR for

the hemostasis of hemorrhagic extracranial injuries. To
improve the prognosis of patients with acute subdural hema-
toma/hemorrhagic brain contusion who require IVR, clini-
cians should be aware that patients with severe
consciousness disturbance are at high risk for t-ICH progres-
sion, requiring careful monitoring of consciousness during
the procedure, and ensure the aggressive correction of ane-
mia, thrombocytopenia, and low fibrinogen levels.

DISCLOSURE

APPROVAL OF THE research protocol: The protocol
for this research project was approved by a suitably

comprised institutional Ethics Committee and conformed to
the provisions of the Declaration of Helsinki (University of
Miyazaki, Approval No. O-0220).

Informed consent: Informed consent was obtained from
the subjects or guardians in an opt-out model involving pub-
licity documents.

Registry and the registration no. of the study/trial: N/A.
Animal studies: N/A.
Conflict of interest: None.

REFERENCES

1 Galvano SM Jr, Fox EE, Appana SN et al. Outcomes after
concomitant traumatic brain injury and hemorrhagic shock: a

secondary analysis from the Pragmatic, Randomized Optimal
Platelets and Plasma Ratios trial. J. Trauma Acute Care Surg.
2017; 83: 668–74.

2 Folkerson LE, Sloan D, Cotton BA, Holcomb JB, Tomasek
JS, Wade CE. Predicting progressive hemorrhagic injury from
isolated traumatic brain injury and coagulation. Surgery 2015;
158: 655–61.

3 Zhang D, Gong S, Jin H et al. Coagulation parameters and
risk of progressive hemorrhagic injury after traumatic brain
injury: a systematic review and meta-analysis. Biomed Res.
Int. 2015; 2015: 261825.

4 Butcher NE, D’Este C, Balogh ZJ. The quest for a universal
definition of polytrauma: a trauma registry-based validation
study. J. Trauma Acute Care Surg. 2014; 77: 620–3.

5 Butcher N, Balogh ZJ. The definition of polytrauma: the need
for international consensus. Injury 2009; 40(Suppl. 4): S12–
S22.

6 Butcher N, Balogh ZJ. AIS > 2 in at least two body regions: a
potential new anatomical definition of polytrauma. Injury
2012; 43: 196–9.

7 Gando S, Wada H, Thacil J. Differentiating disseminated
intravascular coagulation (DIC) with the fibrinolytic pheno-
type from coagulopathy of trauma and acute coagulopathy of
trauma-shock (COT/ACOTS). J. Thromb. Hemost. 2013; 11:
826–35.

8 Nakae R, Takayama Y, Ogawa F, Naoe Y, Yokota H. D-
dimer as a prognostic marker for head injury patients who talk
and deteriorate. Nihon Kyukyu Igakukai Zasshi 2014; 25:
247–53.

9 Narayan RK, Maas AI, Servadei F, Skolnick BE, Tillinger
MN, Marshall LF. Traumatic Intracerebral Hemorrhage Study
Group. Progression of traumatic intracerebral hemorrhage: a
prospective observational study. J Neurotrauma. 2008; 25:
629–39.

10 Sifri ZC, Homnick AT, Vaynman A et al. A prospective eval-
uation of the value of repeat cranial computed tomography in
patients with minimal head injury and an intracranial bleed. J.
Trauma 2006; 61: 862–7.

11 Chieregato A, Fainardi E, Morselli-Labate AM et al. Factors
associated with neurological outcome and lesion progression
in traumatic subarachnoid hemorrhage patients. Neurosurgery
2005; 56: 671–80.

12 Kim BJ, Park KJ, Park DH et al. Risk factors of delayed sur-
gical evacuation for initially nonoperative acute subdural
hematomas following mild head injury. Acta Neurochir.
(Wien) 2014; 156: 1605–13.

13 Kurland D, Hong C, Aarabi B, Gerzanich V, Simard JM.
Hemorrhagic progression of a contusion after traumatic brain
injury: a review. J. Neurotrauma 2012; 29: 19–31.

14 Astrup T. Assay and content of tissue thromboplastin in dif-
ferent organs. Thromb. Diath. Haemorrh. 1965; 14: 401–16.

15 Cohen MJ, Brohi K, Ganter MT, Manley GT, Mackersie RC,
Pittet JF. Early coagulopathy after traumatic brain injury: the

© 2020 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
Japanese Association for Acute Medicine

8 of 9 H. Ochiai et al. Acute Medicine & Surgery 2020;7:e580



role of hypoperfusion and the protein C pathway. J. Trauma
2007; 63: 1254–61.

16 Lustenberger T, Talving P, Kobayashi L et al. Early coagulopa-
thy after isolated severe traumatic brain injury: relationship with
hypoperfusion challenged. J. Trauma 2010; 69: 1410–4.

17 Lustenberger T, Talving P, Kobayashi L et al. Time course of
coagulopathy in isolated severe traumatic brain injury. Injury
2010; 41: 924–8.

18 Maegele M, Schochl H, Menovsky T et al. Coagulopathy and
haemorrhagic progression in traumatic brain injury: advances
in mechanisms, diagnosis, and management. Lancet Neurol.
2017; 16: 630–47.

19 Vernon T, Morgan M, Morrison C. Bad blood: a coagulopa-
thy associated with Trauma and massive transfusion review.
Acute Med. Surg. 2019; 6: 215–22.

20 Zhang J, Zhang F, Dong J. Coagulopahy induced by trau-
matic brain injury: systemic manifestation of localized injury.
Blood 2018; 131: 2001–6.

21 Nakae R, Takayama Y, Kuwamoto K, Naoe Y, Sato H,
Yokota H. Time course of coagulation and fibrinolytic param-
eters in patients with traumatic brain injury. J. Neurotrauma
2016; 33: 688–95.

22 Chang R, Cardenas JC, Wade CE, Holcomb JB. Advances in
the understanding of trauma-induced coagulopathy. Blood
2016; 128: 1043–9.

23 Joseph B, Hadjizacharia P, Aziz H et al. Prothrombin com-
plex concentrate: an effective therapy in reversing the

coagulopathy of traumatic brain injury. J. Trauma Acute Care
Surg. 2013; 74: 248–53.

24 Powers AY, Pinto MB, Aldridge AM et al. Factors associated
with the progression of conservatively managed acute trau-
matic subdural hemorrhage. J. Crit Care 2018; 48: 243–50.

25 Peyrou V, Lormeau JC, Gaich HJ, Gaich C, Pfliegger AM,
Herbert JM. Contribution of erythrocytes to thrombin genera-
tion in whole blood. Thromb. Haemost. 1999; 81: 400–6.

26 Valeri CR, Cassidy G, Pivacek LE et al. Anemia-induced
increase in the bleeding time: Implications for treatment of
nonsurgical blood loss. Transfusion 2001; 41: 977–83.

27 Kaibara M, Iwata H, Ujiie H, Himeno R, Kaibara M.
Rheological analyses of coagulation of blood from differ-
ent individuals with special reference procoagulant activity
of erythrocytes. Blood Coagul. Fibrinolysis 2005; 16:
355–63.

28 Epstein DS, Mitra B, Cameron PA, Fitzgerald M, Rosenfeld
JV. Acute traumatic coagulopathy in the setting of isolated
traumatic brain injury: definition, incidence and outcome. Br.
J. Neurosurg. 2014; 25: 1–5.

29 Wafaisade A, Lefering R, Tjardes T et al. Acute coagulopathy
in isolated blunt traumatic brain injury. Neurocrit. Care 2010;
12: 211–9.

30 Okada Y, Hiraki S, Iiduka R, Ishii W, Narumiya H, Kitamura
M. Pupillometry for the evaluation of brain edema following
severe head trauma: a case report. JJAAM. 2015; 26: 581–7.

© 2020 The Authors. Acute Medicine & Surgery published by John Wiley & Sons Australia, Ltd on behalf of
Japanese Association for Acute Medicine

Acute Medicine & Surgery 2020;7:e580 TBI progression during IVR 9 of 9


