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Association of Extravascular Leakage
on Computed Tomography Angiography
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Abstract
Extravascular leakage on computed tomography (CT) angiography in patients with traumatic brain injury (TBI) is
associated with hematoma expansion, functional prognosis, subsequent surgery, and death. Fresh frozen plasma
(FFP) administration is often necessary to treat coagulation disorders associated with TBI. This study aimed to
determine the relationship between the presence of extravascular leakage on contrast-enhanced head CT, fibrin-
ogen level at admission, and FFP administration in patients with TBI. The medical records of patients with TBI
‡18 years of age referred to our hospital between January 2010 and December 2020 were examined retro-
spectively. Patients who underwent contrast-enhanced CT immediately after admission were selected, and
the presence or absence of extravascular leakage, fibrinogen level at admission, and percentage of patients
who required FFP administration within 24 h of admission were examined; 172 patients were included. Multi-
variable linear regression analysis was performed to determine the effects of contrast extravasation on fibrin-
ogen levels at admission and was adjusted for age, sex, systolic blood pressure, time from injury to admission,
Marshall CT score, Glasgow Coma Scale score at admission, Injury Severity Score, and need for emergency
surgery; the regression coefficient was �19.8. The effect of extravasation on FFP administration within 24 h
of admission was analyzed using logistic regression while adjusting for age, systolic blood pressure, Marshall
CT score, need for emergency surgery, and fibrinogen level at admission. The odds ratio of contrast extrav-
asation was 7.08 after adjustment. Extravascular leakage is associated with fibrinogen levels at admission
and FFP administration within 24 h of admission.
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Introduction
Coagulation disorders can cause secondary brain dam-
age after traumatic brain injury (TBI), and it is crucial
to avoid such sequelae in severe TBI. Coagulation dis-
orders are observed in *20% of patients with TBI.1

Coagulation and fibrinolytic system disorders are asso-
ciated with a 10-fold increased risk of death and poor
prognosis in TBI.2,3 Degree of coagulation disorders
can be recognized using blood tests, and therapeutic in-
terventions, such as blood component replacement
therapy, are well established. Abnormal levels of fibrin-
ogen could be an indicator of impaired coagulation and
fibrinolysis. In the early stages of trauma, fibrinogen
consumption increases while its synthesis remains con-
stant, resulting in extremely low levels of available fi-
brinogen.4,5 A previous study showed that low
fibrinogen levels were common in patients with TBI:
38.6% and 15.7% of patients had fibrinogen levels
<200 and <150 mg/dL, respectively, which indicate se-
vere hypofibrinogenemia. Low fibrinogen levels at ad-
mission were also associated with poor prognosis in
patients with TBI.6

European trauma guidelines recommend fresh fro-
zen plasma (FFP) transfusion for trauma patients if
the prothrombin time/international normalized ratio
(PT-INR) and/or activated partial thromboplastin
time (aPTT) is at least 1.5 times the normal value,7 es-
pecially in patients with TBI, for whom fibrinogen lev-
els should be maintained above 150 mg/dL.8 Currently,
three fibrinogen sources are available to clinicians: fi-
brinogen concentrate, FFP, and cryoprecipitate.9 The
Collaborative European Neurotrauma Effectiveness
Research in Traumatic Brain Injury study reported
that 73% of centers use FFP transfusion for treating
TBI-related coagulopathy, whereas 52% use platelet
transfusion.10 Considering the widespread use of FFP
transfusion, indications for this therapy should be
clearly determined during the management of TBI
with coagulopathy. It is necessary to determine the ad-
ministration of FFP in TBI with coagulopathy, and rec-
ognition of post-injury fibrinogen levels may be very
important.

Computed tomography (CT) of the head is often
performed on patients with TBI in the emergency de-
partment, and its findings can directly support surgical
decision making. In addition, computed tomography
angiography (CTA) is widely used as an initial screen-
ing test for the detection of traumatic vascular injuries,
and the French Society of Anesthesia, Critical Care, and
Perioperative Medicine guidelines recommend the use

of CTA to examine intracranial vessels in patients with
risk factors.11 Extravascular leakage observed on CTA
scans of patients with TBI is associated with hematoma
expansion, functional prognosis, need for surgery, and
death.12–15 Extravascular leakage on CTA can help
identify patients with hematoma expansion and high
mortality risk, thus influencing their management in
the intensive care unit and subsequent treatment strat-
egies.16 In addition to the hematoma itself, hematoma
expansion in TBI might be associated with fibrinogen
depletion. However, no study has evaluated the rela-
tionship between extravascular leakage in TBI, fibrino-
gen level at admission, and FFP administration within
24 h of admission.

The purpose of this study was to evaluate the associ-
ation between the presence of extravascular leakage on
contrast-enhanced CT images of patients with TBI, fi-
brinogen level at admission, and FFP administration
within 24 h of admission.

Methods
Study design
This was a single-center, retrospective, observational
study.

Setting
This study was conducted from January 2010 to De-
cember 2020 and was approved by the ethics commit-
tee of our hospital (approval no.: 21240). The study site
was the Department of Traumatology and Acute Crit-
ical Medicine, Graduate School of Medicine, Osaka
University. Approximately 200–300 trauma cases are
transported to the center annually. In Japan, emer-
gency medical service personnel can administer only
fluid to trauma patients who are in shock. They cannot
intubate and administer paralytics or sedation.

The emergency department of the hospital is equip-
ped with a CT scanner and a full-time radiological
technologist. Per the center’s established protocol, a
contrast-enhanced CT scan of the head is performed
in the following cases: 1) intracranial hemorrhage, facial
bone fracture, or skull fracture revealed on plain CT
scan; 2) Glasgow Coma Scale (GCS) score £8 points
on arrival attributable to TBI; 3) neurological abnormal-
ities unexplained on a plain CT scan; and 4) cervical
spine or cervical cord injury identified on plain CT scan.

All examinations were conducted using a 64-section
CT scanner (SOMATOM Definition Flash; Siemens,
Erlangen, Germany). A plain CT was performed after
patients were stabilized by treating physicians.
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Contrast-enhanced CT scans were performed on the
ascending aorta or skull base in the parietal region.
Nonionic contrast material (95 mL, iopamidol) was ad-
ministered at 4 mL/s by using a power injector. The ra-
diological technologist visually confirmed the tracking
section targeting the internal carotid artery and started
imaging 2 sec after the CT number had reached *100
Hounsfield units (HU). Six seconds after the first phase
completion, the second phase was initiated. Plain CT
images were taken with single-energy CT (SECT),
and contrast CT images were obtained with either
SECT or dual-energy CT (DECT). CT imaging was
performed according to the scan parameters described
in the Supplementary Materials.

Plain CT images were reconstructed with a 0.6-mm
slice thickness. The original DECT data set was auto-
matically reconstructed, using an adaptive iterative re-
construction algorithm (ADMIRE; Siemens) with a
strength value of 2 and a slice thickness of 0.6 mm,
and then sent to the picture archiving and communica-
tion system.

The need for FFP administration in TBI treatment at
our center is determined by the treating physicians and
is based on patient vital signs and a comprehensive as-
sessment of intraoperative findings. FFP was adminis-
tered to both surgical and non-surgical patients alike,
with monitoring to ensure that fibrinogen levels did
not fall below 150 mg/dL.

Regarding informed consent, we disclosed informa-
tion concerning this study on the basis of an opt-out
approach.

Participants
Patients ‡18 years of age with isolated TBI (Abbrevi-
ated Injury Scale [AIS] score <3 other than the head)
who were sent directly to our hospital without cardio-
pulmonary arrest were included. Inclusion criteria were
acute intracranial hemorrhage that was not a chronic
subdural hematoma, as indicated by a plain CT scan
at admission. Exclusion criteria included patients who
did not undergo a contrast CT immediately after ar-
rival, underwent a contrast CT of the head by a method
other than that described in the Setting section, and re-
fused surgery or intensive care. Patients whose fibrino-
gen levels were not measured at admission were
excluded.

Variable
The following information was obtained from the med-
ical records: age, sex, history of antiplatelet or -coagu-

lant therapy, mechanism of injury, GCS at admission,
anisocoria at admission, blood pressure at admission,
time of injury, time of admission, start time of contrast
CT head scan, injury sites, AIS, Injury Severity Score
(ISS), need for emergency surgery, Marshall CT
score, hematoma morphology considering the main
pathology, blood transfusion volume within 24 h of ad-
mission, and Glasgow Outcome Scale (GOS) score at
discharge were collected using a standardized data col-
lection sheet. In this study, shock was defined as sys-
tolic blood pressure under 90 mm Hg.17,18 Marshall
CT score was calculated from CT images, and the ap-
propriate GOS was selected from nursing and rehabil-
itation records in the medical record.

Blood laboratory values immediately after admission
included platelet count, PT-INR, aPTT, fibrinogen
level, fibrinogen degradation product (FDP) level, and
D-dimer level. Fibrinogen values were also recorded
as the lowest value among those measured within
24 h of hospital admission. PT-INR, aPTT, and fibrin-
ogen values were measured using the coagulation
method by the Thromborel S�,, Thrombocheck
APTT-SLA�,, and Thrombocheck Fib(L)�, (Sys-
mex, Kobe, Japan), respectively. FDP and D-dimer lev-
els were measured using turbidimetric immunoassay
by the NANOPIA P-FDP�, (Sekisui Medical,
Tokyo, Japan) and LPIA-ACE D-dimer II (LSI Medi-
ence, Tokyo, Japan), respectively. An immunoassay
was performed using the LPIA-ACE D-dimer II (LSI
Medience).

The primary outcome was fibrinogen level at admis-
sion, and the secondary outcome was the percentage of
patients who received FFP within 24 h.

The need for emergency surgery in this study was
decided by the physician in charge after a comprehen-
sive assessment of the plain CT scan of the head at the
patient’s arrival and clinical symptoms. In this study,
emergency surgery was defined as neurosurgical oper-
ations deemed necessary to be performed immediately
after a plain CT scan of the head after arrival at the hos-
pital. Surgery necessary owing to worsening symptoms
under observation was not included in emergency sur-
gery. TBI treatment at our center was based on the
guidelines for TBI management by the Japan Society
of Neurotraumatology.19–21 Supplementary Tables S1
and S2 show the Marshall CT score22 and Glasgow
Outcome Scale (GOS) definition.23

One interventional radiologist (S.O.), one neurosur-
geon (Y.N.), and two emergency physicians (H.I., Y.T.)
examined contrast CT scans. All contrast-enhanced CT
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scans were evaluated together with plain CT scans be-
cause the presence of bone fragments and other objects
could be misinterpreted as an extravascular invasion.
Images were assessed blinded to the medical records.
Images were read in 0.6-mm slices. The following def-
initions from previous studies were used to identify ex-
travascular leakage in the images14: 1) one or more
contrast reservoirs within the hematoma; 2) disconti-
nuity with adjacent vessels; 3) >120 HU; and 4) any
size or morphology. In the current study, extravasation
was defined as ‘‘contrast extravasation’’ when extrava-
sation was observed in either phase 1 or 2 and as ‘‘no
contrast extravasation’’ when extravasation was not ob-
served in either phase. One physician (H.I.) first read
all the images. Next, targeted images were assigned to
three physicians (S.O., Y.N., and Y.T.) and read by
them. Images that did not agree with H.I.’s reading
were read by one of the other two of the three (Y.T.,
Y.N., and S.O.), and the reading findings that were
agreed upon were adopted.

Statistical analyses
Summary data are presented as medians (interquartile
range; IQR) for continuous variables and numbers (%)
for categorical variables. The Mann–Whitney U test
was used for continuous variables, and the chi-square
test and Fisher’s exact test were used for binary vari-
ables. Inter-reader agreement (H.I. vs. Y.N., H.I. vs.
S.O., and H.I. vs. Y.T.) was calculated using kappa val-
ues. Uni- and multi-variable linear regression analyses
of the effect of contrast extravasation on fibrinogen lev-
els at admission were performed to calculate the regres-
sion coefficient and standard error for each variable.
The response variable was the fibrinogen level at ad-
mission, and the explanatory variable was the presence
or absence of contrast extravasation. Adjustment fac-
tors were selected from items that differed in the back-
ground of the presence or absence of contrast
extravasation ( p < 0.2), items that were related to fi-
brinogen level in accordance with previous studies24–29

(age, sex systolic blood pressure, time from onset to ar-
rival, and ISS), and items that assessed the severity of
TBI (admission GCS £8, Marshall CT score, and AIS-
head).30 Items with high covariance were excluded.
Model diagnosis was performed as drawing a scatter
plot and Quantile-Quantile (QQ) plot of the residuals
and testing normality of residuals with the Shapiro-
Wilk normality test. Correlation analyses were also
performed to calculate the correlation coefficient and
95% confidence intervals (CIs).

To evaluate the effect of contrast extravasation on
FFP administration within 24 h, the response variable
was FFP administration within 24 h, and the explana-
tory variable was the presence of contrast extravasa-
tion. Fibrinogen levels were added to the above
adjustment factors, and items that were clinically im-
portant and associated with FFP administration were
selected as adjustment factors. Uni- and multi-variable
logistic regression analyses were performed to calculate
the odds ratios (ORs) and 95% CIs.

Background factors between the two groups of pa-
tients with and without contrast extravasation were
detected in patients who underwent emergency sur-
gery.

Statistical analyses were performed using commer-
cially available statistical analysis software ( JMP Pro
16 software; SAS Institute Inc., Cary, NC). Statistical
significance was set at p < 0.05.

Results
Overall, 270 patients met the inclusion criteria. In total,
172 patients (61 had contrast extravasation and 111 pa-
tients had no contrast extravasation) were included in
the analyses, and the remaining patients were excluded
(Fig. 1).

Median age of the 172 included patients was 65.5
years, and 111 patients (64.5%) were men. The forms
of intracranial hematoma were acute subdural hema-
toma (ASDH), acute epidural hematoma (AEDH), in-
tracerebral hemorrhage (ICH), and traumatic
subarachnoid hemorrhage (tSAH) in 72 (41.9%), 13
(7.56%), 28 (16.3%), and 58 (33.7%) patients, respec-
tively. Emergency surgery was required in 68 patients
(39.5%), median GOS score at discharge was 3, and
31 patients died in the hospital (18.0%; Table 1).

Clinical characteristics were compared between pa-
tients with and without contrast extravasation. Kappa
values for inter-reader agreements were 0.64 (HI vs.
YN), 0.65 (HI vs. SO), and 0.85 (HI vs. YT). Among pa-
tients with AEDH and ICH, contrast extravasation was
observed more frequently than no contrast extravasa-
tion. Among patients with tSAH, no contrast extrava-
sation was observed more frequently than contrast
extravasation. Cases with contrast extravasation re-
quired more emergency surgeries (54.1% vs. 31.5%;
p = 0.0038), had worse GOS scores at discharge (2 vs.
3; p < 0.0001), and had higher in-hospital mortality
rates (36.1% vs. 8.11%; p < 0.0001) than cases without
contrast extravasation. Patients with contrast extrava-
sation had significantly lower fibrinogen levels at
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admission (203 vs. 251 mg/dL; p = 0.0007), which was
the primary outcome. The proportion of patients who
required FFP within 24 h of presentation, which is
the secondary outcome, was high (59.0% vs. 18.9%;
p < 0.0001; Table 2). Minimum fibrinogen level within
24 h of hospital admission (148 vs. 234 mg/dL;
p < 0.0001) and platelet level at admission (197 vs.
220 · 103/lL; p = 0.01) were lower in patients with con-
trast extravasation, and the aPTT at admission (29 vs.
27 sec; p = 0.03), FDP (92.2 vs. 25.3 lg/mL; p < 0.0001),
and D-dimer (24.0 vs. 8.69 lg/mL; p < 0.0001) at admis-
sion were higher in patients with contrast extravasation
(Table 2).

Items with differences ( p < 0.2) in the background of
the presence or absence of extravasation included age,
systolic blood pressure, Marshall CT score, type of
traumatic intracranial hemorrhage, AIS-head, ISS,
and emergent surgery. Because type of traumatic intra-
cranial hemorrhage and AIS-head had high covariance
with Marshall CT score as an assessment of brain dam-
age morphology, they were excluded. Adding factors
that were related to fibrinogen level and severity of
TBI, age, sex, systolic blood pressure, admission GCS
(&8), time from onset to arrival, Marshall CT score,
ISS, and emergent surgery were selected as adjustment
factors.

FIG. 1. Patient flow chart. A total of 172 patients were included in the analysis. CT images of 61 and 111
patients show contrast extravasation and no contrast extravasation, respectively. CT, computed tomography.
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Univariable linear regression analysis showed a re-
gression coefficient of �16.6 (standard error, 6.38;
p = 0.0099) for contrast extravasation. Multi-variable
linear regression analysis resulted in an estimate of
�19.8 (standard error, 7.02; p = 0.0055). Correlation
analysis resulted in a correlation coefficient of �0.2
(95% CI, 0.048–0.340; p = 0.0099; Table 3). Presence
of contrast extravasation was associated with fibrino-
gen levels, which were 19.8 mg/dL lower than those
without contrast extravasation. Model diagnostics for
this regression model were performed. Scatter plots
of residuals showed normal distribution, and QQ
plots were on a straight line (Supplementary Figs..S1
and S2). This data set was well modeled by a normal
distribution ( p < 0.0001).

Logistic regression analysis of the effect of contrast
extravasation on FFP administration within 24 h of ad-
mission showed an OR of 6.17 (95% CI, 3.07–12.40;
p < 0.0001) for contrast extravasation before adjust-

ment. Contrast extravasation, age, systolic blood pres-
sure, Marshall CT score, emergent surgery, and
fibrinogen levels on admission were selected as adjust-
ment factors. Multi-variable logistic regression analysis
showed an OR of 7.08 (95% CI, 2.38–21.10; p = 0.0004)
after adjustment (Table 4).

A comparison between patients with and without
contrast extravasation who underwent emergency sur-
gery showed significant differences in fibrinogen level
at admission, minimum fibrinogen level within 24 h
of admission, percentage of patients who required a
blood transfusion, and amount of blood transfused
(Supplementary Table S3).

Discussion
Contrast extravasation in TBI was associated with
lower fibrinogen levels at admission, and such cases
may have a greater need for FFP within 24 h than
cases with no contrast extravasation.

Table 1. Clinical and Radiological Characteristics Between Patients with Contrast Extravasation
and with No Contrast Extravasation

Characteristic Total (n = 172)
Contrast

extravasation (n = 61)
No contrast

extravasation (n = 111) p value

Age, median (IQR), years 65.5 (47–76) 69 (53.0–76.5) 63 (43–76) 0.14
Male sex, no. (%) 111 (64.5) 43 (70.5) 68 (61.3) 0.23
Patients taking anticoagulant medicine, no. (%) 14 (8.14) 4 (6.56) 10 (9.0) 0.77
Patients taking antiplatelet medicine, no. (%) 16 (9.3) 4 (6.56) 12 (10.8) 0.42
Mechanism of injury, no. (%) 0.41

Fall from standing 40 (23.3) 15 (24.6) 25 (22.5)
Fall from height 30 (17.4) 14 (23.0) 16 (14.4)
Motor vehicle crash 38 (22.1) 9 (14.8) 29 (26.1)
Bicycle accident 44 (25.6) 17 (27.9) 27 (24.3)
Pedestrian struck 18 (10.5) 6 (9.84) 12 (10.8)
Hit by object 2 (1.16) 0 (0) 2 (1.8)

Admission blood pressure, median (IQR), mm Hg
Systolic 153 (133–181) 159 (138.0–191.5) 149.5 (130–174) 0.14
Diastolic 92 (80–107) 91 (80–109) 92.5 (77.8–105.5) 0.80

Shock, no. (%) 4 (2.32) 0 (0) 4 (3.6) 0.30
Admission GCS, median (IQR) 11 (6–14) 11 (6–14) 12 (6–14) 0.37
Admission anisocoria, no. (%) 40 (25.6) 15 (25.0) 25 (26.0) 0.88
Time from onset to arrival, median (IQR), min 35 (28–44) 35 (29–44) 35 (27–44) 0.75
Time from onset to CTA, median (IQR), min 64 (56–75) 64 (56–74) 64 (56–80) 0.66
Marshall Computed Tomography Score, median (IQR) 2 (2–5) 4 (2.0–5.5) 2 (2–5) 0.0014
Type of traumatic intracranial hemorrhage, no. (%) <0.001

ASDH 72 (41.9) 26 (42.6) 46 (41.4)
AEDH 13 (7.56) 10 (16.4) 3 (2.7)
ICH 28 (16.3) 18 (29.5) 10 (9.0)
tSAH 58 (33.7) 7 (11.5) 51 (45.9)
IVH 1 (0.58) 0 (0) 1 (0.9)

AIS-head, median (IQR) 5 (4–5) 5 (5–5) 4 (3–5) <0.0001
ISS, median (IQR) 25 (17–26) 25 (25–29) 21 (16–26) <0.0001
Emergent surgery, no. (%) 68 (39.5) 33 (54.1) 35 (31.5) 0.0038
GOS at discharge, median (IQR) 3 (2–4) 2 (1.0–3.5) 3 (3–4) <0.0001
In-hospital mortality, no. (%) 31 (18.0) 22 (36.1) 9 (8.11) <0.0001

IQR, interquartile range; GCS, Glasgow Coma Scale; CTA, computed tomography angiography; ASDH, acute subdural hematoma; AEDH, acute epi-
dural hematoma; ICH, intracerebral hemorrhage; tSAH, traumatic subarachnoid hemorrhage; IVH, intraventricular hemorrhage; AIS, Abbreviated Injury
Scale; ISS, Injury Severity Score; GOS, Glasgow Outcome Scale.
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Fibrinogen
This study showed that fibrinogen levels at admission
were lower with contrast extravasation than without
contrast extravasation (Table 3). Moreover, contrast
extravasation was associated with low fibrinogen levels
on admission. Contrast extravasation was associated
with lower minimal fibrinogen levels during treatment.
FDP and D-dimer levels at presentation were higher in
contrast extravasation cases than in no contrast extrav-
asation cases, although this comparison was between
the two groups (Table 2).

A report on TBI-induced coagulopathy indicated
that fibrinolytic D-dimer and FDPs are first detected
within minutes after injury, and that prolonged pro-
thrombin and partial thromboplastin times peak at
*3–6 h after TBI.31 Moreover, D-dimer, which is a fi-
brinolytic factor, is increased in patients with TBI, with
increased fibrinogen consumption during the acute
phase of TBI.32 Our results are consistent with previous
literature, and suggest that the patients with contrast
extravasation may have had more severe TBI-induced
coagulopathy.

Results also suggest that evaluating contrast extrav-
asation in contrast-enhanced CT may be useful for the
early recognition of coagulopathy. It takes time to ob-
tain fibrinogen results from blood tests, having been
reported as taking 88 min (median) to obtain coagula-
tion test results.33 Waiting for fibrinogen-level results
before deciding on treatment for coagulation disor-
ders may cause delays in therapeutic intervention.
At our center, time from arrival to head CTA was
*30 min according to results in Table 1, thus allow-
ing for early evaluation after the patient arrives at
the hospital. It is important to recognize contrast

Table 2. Differences of Blood Test and Transfusion
Between Contrast Extravasation and No Contrast
Extravasation

Outcome

Contrast
extravasation

(n = 61)

No
contrast

extravasation
(n = 111)

p
value

Primary outcome
Admission fibrinogen,

median (IQR), mg/dL
203 (167.5–260.5) 251 (205–303) 0.0007

Secondary outcome
No. of patients within

24 h of fresh frozen
plasma transfusions,
no. (%)

36 (59.0) 21 (18.9) <0.0001

Minimum fibrinogen
level within 24 h of
admission, median
(IQR), mg/dL

148 (102.5–209.5) 234 (184–273) <0.0001

Admission platelet count,
median (IQR), · 103/lL

197 (152.5–235) 220 (176–257) 0.01

Admission PT-INR,
median (IQR)

1.08 (1.01–1.18) 1.06 (1.01–1.13) 0.22

Admission aPTT, median
(IQR), sec

29 (25–35) 27 (25–30) 0.03

Admission FDP, median
(IQR), lg/mL

92.2 (47.8–256.0) 25.3 (9.7–52.5) <0.0001

Admission D-dimer,
median (IQR), lg/mL

24.0 (15.3–64.8) 8.69 (3.19–18.5) <0.0001

No. of patients within
24 h of transfusions,
no. (%)

Red blood cell 32 (52.5) 21 (18.9) <0.0001
Platelet concentrate 14 (23.0) 3 (2.7) <0.0001
No. of units within 24 h of

transfusions, median
(IQR), units

Red blood cell 2 (0–10) 0 (0–0) <0.0001
Fresh frozen plasma 6 (0–16) 0 (0–0) <0.0001
Platelet Concentrate 0 (0–0) 0 (0–0) <0.0001

IQR, interquartile range; PT-INR, prothrombin time/international nor-
malized ratio; aPTT, activated partial thromboplastin time; FDP, fibrino-
gen degradation products.

Table 3. Results of Uni- and Multi-Variable Linear Regression Analyses and Correlation Analyses Assessing the Impact
of Clinical Parameters, Including Contrast Extravasation, on Admission Fibrinogen Levels

Variables

Univariable analysis Multi-variable analysis Correlation analysis

Estimate
Standard

error p value Estimate
Standard

error p value
Correlation
coefficient

Lower
95% CI

Upper
95% CI p value

Contrast extravasation –16.6 6.38 0.0099 –19.8 7.02 0.0055 –0.2 0.048 0.34 0.0099
Age 1.06 0.3 0.0006 1.06 0.32 0.0012 0.26 0.12 0.39 0.0006
Male/female sex 5.28 6.49 0.42 4.57 6.35 0.47 –0.062 –0.21 0.088 0.42
Systolic blood pressure 0.58 0.18 0.0013 0.54 0.18 0.0027 0.25 –0.094 0.39 0.28
Admission GCS (&8) –5.28 6.49 0.42 –7.97 8.71 0.36 0.062 –0.088 0.21 0.42
Time from onset to arrival, min 0.23 0.09 0.013 0.15 0.09 0.11 0.19 0.04 0.33 0.013
Marshall CT score –9.35 3.73 0.013 –9.58 5.38 0.077 –0.19 –0.33 –0.04 0.013
ISS –0.96 0.92 0.3 0.54 1.05 0.61 –0.08 –0.23 0.071 0.3
Emergent surgery –9.51 6.32 0.13 0.76 10.1 0.11 0.11 –0.036 0.26 0.13

GCS, Glasgow Coma Scale; CT, computed tomography; ISS, Injury Severity Score; CI, confidence interval.
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extravasation on contrast-enhanced CT scans as early
as possible after injury and strategize the appropriate
treatment accordingly, given that contrast extravasa-
tion may emphasize to be more careful about fibrino-
gen levels.

Fresh frozen plasma administration
This study suggests that contrast extravasation ob-
served on diagnostic imaging may indicate the need
for FFP administration within 24 h of admission.
Table 2 shows that patients with contrast extravasation
tended to receive more FFP than those without contrast
extravasation. Coagulopathy is often observed in severe
TBI,1 and FFP administration is often required to pro-
vide coagulation factor replacement because of exces-
sive bleeding, especially in patients who require
surgery. In fact, in the present study, the comparison
between the two groups of patients who underwent
emergency surgery showed that those with contrast
extravasation required more blood transfusions
(Table S3). Although early FFP administration has
been associated with improved hospital survival in iso-
lated TBI with multiple brain hemorrhages,34 there
have been reports of an association between early
FFP administration and the risk of developing multiple
organ failure and acute respiratory distress syndrome
(ARDS) in trauma patients.35 Although the causal rela-
tionship between FFP and ARDS has not been clarified,
FFP should be administered with caution. Future stud-
ies should prospectively examine whether contrast ex-
travasation is associated with low fibrinogen levels
and the patient characteristics for whom contrast-
enhanced CT of the head are beneficial.

Future prospects
Contrast-enhanced CT is necessary for evaluating con-
trast extravasation in patients with TBI; nonetheless,
debate exists on the types of patients with TBI who

would benefit from this assessment based on character-
istics, like pre-hospital information, findings at admis-
sion, and initial plain CT scan.

In this study, we included cases of isolated TBI
assessed using the same imaging method. Whole-
body CT is shown to be effective in cases of multiple
traumas,36 and there have been cases in which whole-
body CT was performed at our center after treating-
physician–suspected multiple trauma according to
pre-hospital information and physical examination
findings. In some cases, the head was included in the
contrast area. In the future, consideration should be
given to whether any information on indicators for
FFP use can be obtained even in patients with TBI
with multiple trauma or when the head is included in
the contrast area of whole-body CT.

Limitations
This study has limitations. First, this was a single-
center, retrospective, observational study of medical
records with a convenience sample of patients who un-
derwent CTA. In addition, FFP was administered at the
discretion of the treating physician, not in a rigorous
protocolized fashion, which could have influenced the
results concerning FFP administration. There were
some cases in which patients had intracranial hemor-
rhage, but contrast CT was not performed at the discre-
tion of the physician in charge; this may have caused
selection bias. Moreover, contrast CT was not performed
for patients with minor hemorrhage on plain CT scans
and with good consciousness.

Second, contrast-enhanced CT examinations were
performed using either DECT or SECT; however, the
modality was chosen according to the skill of the radio-
logical technologist in charge. This may have affected
the accuracy in identifying contrast extravasation.

Finally, besides the three adjustment factors used in
the multi-variable logistic analysis, many other factors

Table 4. Results of Uni- and Multi-Variable Logistic Regression Analyses Assessing the Impact of Clinical Parameters,
Including Contrast Extravasation, on Fresh Frozen Plasma Transfusions Within 24 h of Admission

Variables

Univariable analysis Multi-variable analysis

OR Lower 95% CI Upper 95% CI p value OR Lower 95% CI Upper 95% CI P value

Contrast extravasation 6.17 3.07 12.4 <0.0001 7.08 2.38 21.1 0.0004
Age 1.02 1.00 1.04 0.022 1.02 0.99 1.05 0.12
Systolic blood pressure 1.01 1.00 1.02 0.12 1.00 0.99 1.01 0.96
Marshall CT score 2.61 2.02 3.36 <0.0001 2.11 1.47 3.03 <0.0001
Emergent surgery 12.8 5.97 27.6 <0.0001 3.5 1.11 11.1 0.033
Fibrinogen levels on admission 0.99 0.99 1.00 0.0008 0.99 0.99 1.00 0.057

CT, computed tomography; OR, odds ratio; CI, confidence interval.
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may have influenced the administration of FFP within
24 h of the patient’s arrival at the hospital, including
the amount of fluid administered, time of FFP admin-
istration, infusion rate of FFP, and type of surgery.
The sample size for this study was small to adjust
for all these factors, and extraction of all relevant con-
founding factors in detail from medical records was
difficult.

Conclusion
This study suggests that extravascular leakage observed
in contrast-enhanced CT of the head is associated with
lower fibrinogen levels at presentation and those with
extravascular leakage may more frequently require
FFP within 24 h.
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Abbreviations Used
AEDH ¼ acute epidural hematoma

AIS ¼ Abbreviated Injury Scale
aPTT ¼ activated partial thromboplastin time

ARDS ¼ acute respiratory distress syndrome
ASDH ¼ acute subdural hematoma

CI ¼ confidence interval
CT ¼ computed tomography

CTA ¼ computed tomography angiography
DECT ¼ dual-energy CT

FDP ¼ fibrinogen degradation products
FFP ¼ fresh frozen plasma

GCS ¼ Glasgow Coma Scale
GOS ¼ Glasgow Outcome Scale

HU ¼ Hounsfield unit
ICH ¼ intracerebral hemorrhage
IQR ¼ interquartile range
ISS ¼ Injury Severity Score
OR ¼ odds ratio

PT-INR ¼ prothrombin time/international normalized ratio
QQ ¼ Quantile-Quantile

SECT ¼ single-energy CT
tSAH ¼ traumatic subarachnoid hemorrhage

TBI ¼ traumatic brain injury
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