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Abstract Objective Epidural hematoma (EDH), most often caused by rupture of the middle

meningeal artery secondary to head trauma with fracture of the temporal bone, is a
potentially fatal condition that can lead to elevated intracranial pressure, herniation, and
death within hours following the inciting traumatic incident, unless surgical evacuation is
accomplished. Several markers have been found to be associated with hematoma
expansion in intracerebral hemorrhage (ICH) patients, including: the CT Blend Sign, Swirl
Sign, and Black Hole Sign. This study aims to examine these markers, along with intradural
air close to or in the region of an EDH and/or close to a significant fracture, fractures
involving the skull base, and complicated (i.e., comminuted or displaced) fractures for
possible associations to EDH growth in the pediatric population. Predicting hematoma
growth s a crucial part of patient management, as surgery can be a life-saving intervention.
Methods Scans from all pediatric patients with EDH from 2012 to 2019 across two
separate health systems were examined and measurements were taken to determine
whether these additional factors are of predictive value. Specifications such as length,
transverse, and height measurements were taken from CT images.

Statistical Analysis The average percent change in the hematoma measurements
was used to determine which predictive factors were associated with a “noteworthy
increase,” namely, an increase of greater than 25%. Additionally, the average percent
change in hematoma size was evaluated for patients whose original imaging showed
either all three CT signs or intradural air in all three specified locations.

Results Most of the proposed markers were associated with EDH growth in this

Keywords cohort. The established CT signs were also supported. This is notable, as most of the
= Epidural Hematoma research on these signs has been in adult populations rather than pediatric.
= CT Blend Sign Conclusions Adding these novel imaging signs could aid in the decision to operate on
= CT Swirl Sign versus observe PEDH patients, thereby preventing unnecessary procedures or preserv-
= CT Black Hole Sign ing brain function quickly when surgery is indicated. This study serves as a starting
= Intracranial point for several other investigations into the validity of the proposed markers as well as
Hemorrhage a reevaluation of the current signs in the pediatric population.
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Introduction

Epidural hematoma (EDH), most often caused by rupture of
the middle meningeal artery secondary to head trauma with
fracture of the temporal bone, is a potentially fatal condition
thatcanlead to elevated intracranial pressure (ICP), herniation,
and death within hours following the inciting traumatic inci-
dence, unless surgical evacuation is accomplished'?
(=Fig. 1A). Fractures of the calvarium can also contribute
venous blood to the hematoma from the damaged diploé.
Subacute and chronic forms of EDH have also been docu-
mented.*~® In fact, with the standardization of repeat CT scans
for patients with head injury, these forms of progressive
epidural hematoma (PEDH) have been found to be more
common than previously expected, occurring in approximate-
ly 30% to 42.3% of head trauma patients.”~'? Development of
PEDH often occurs within 3 days postinjury but can extend up
to 11 days in rare cases.'®'" Since PEDH patients are likely to
exhibit elevated ICP and require craniectomy for hematoma
removal, in order to prevent the potentially fatal sequelae seen
in acute cases, a reliable predictor of hematoma growth would
be useful to guide early and appropriate intervention.'®
Several markers have been identified as potential predic-
tors of early hematoma growth in intracerebral hemorrhage

(ICH) patients, including the CT Black Hole Sign, the CT Blend
Sign, and the CT Swirl Sign.>'"'2 The CT Black Hole Sign
presents as foci of hypo- or isoattenuation within the hema-
toma and indicates heterogenicity of the hematoma, which
has been associated with hematoma growth and poor out-
comes'' (~Fig. 1B). The CT Blend Sign signifies a heteroge-
neous hematoma made up of blood with mixed CT densities
which may occur due to liquid blood secondary to active
bleeding? (~Fig. 1€). Similarly, the CT Swirl Sign appears as a
mixed-density hematoma, which is found to be associated
with active bleeding as a result of EDH (~Fig. 1D). Kim et al
have found that this sign denotes a heterogeneous hemato-
ma, which correlates with a larger hematoma volume and a
higher mortality rate, although it was not independently and
specifically predictive of hematoma growth.'>'3 Both vari-
ables have been found to be closely associated with the CT
Blend Sign and early hematoma growth. The CTA Spot Sign is
also referenced often in the literature but is used for ICH,
rather than epidural, so was not included in this study.'*
Although head injury in children and young adults is the
leading cause of death in this age group, these imaging
markers are mostly reported in adult populations.>'"121°
The specific aim of this study is to evaluate and to compare
the utility of imaging markers, including the CT Blend Sign,

Fig.1 (A)Right parietal epidural hematoma (EDH); axial noncontrast Computed tomography (CT). (B) Left parietal EDH with CT Black Hole Sign
(arrows); axial noncontrast CT. (C) Right parietal EDH with CT Blend Sign (arrows); axial noncontrast CT. (D) Right frontal EDH with CT

Swirl Sign (arrows); axial noncontrast CT. (E) Left frontoparietal EDH with intradural air (arrows); right frontal comminuted and displaced
fracture; axial noncontrast CT. (F) Fracture of the skull base (arrows); axial bone window CT.
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Black Hole Sign, and Swirl Sign, as well as some novel
markers, in predicting PEDH growth in the pediatric popula-
tion. Although not yet supported by the current literature,
some additional markers will be specifically examined in this
study for their association with hematoma expansion: intra-
dural air close to or in the region of an EDH and/or close to a
significant fracture, fracture involving the skull base, and
complicated (i.e, comminuted or displaced) fractures
(~Fig. 1E, F).

Aside from the predictive power of the imaging markers,
practical application of these in the clinical setting should be
considered, as this also determines their utility as a predictor
of hematoma growth, specifically in children less than
18 years of age.

Methods

Selection criteria for this study included all pediatric patients
(< 18 years of age) presenting with EDH, who underwent a
baseline CT scan within 6 hours after hospital admission or
presentation of symptoms, whichever occurred first, and a
follow-up CT scan within 24 hours of baseline imaging be-
tween January 1, 2012, and January 1, 2019. This patient list
was generated using the relevant ICD9 and ICD10 codes for
EDH. Please note that the study population includes all
pediatric patients with EDH, not just PEDH. Information
regarding patient demographics, type and location of injury,
and measurements of the hematomas for each CT was taken
from the electronic health records of two separate hospital
systems. Patient CT scans were examined by two examiners,
and information about the size and location of the hemato-
mas and the presence or absence of the abovementioned
markers were recorded using the internal measurement
feature in the imaging software. Specific measurements
included length (anteroposterior), transverse, height (cra-
niocaudal), and volume in centimeters and cm?.

Pre- and postdifferences in length (anteroposterior),
transverse, height (craniocaudal), and volume were
obtained using Wilcoxon signed rank test. The nonparamet-
ric independent samples Mann-Whitney U test was used to
determine the differences in various predictors for differ-
ences in length, transverse, height, and volume. Time and
type of intervention were also analyzed for potential bene-
fits of early and appropriate intervention on patient
outcomes.

Additionally, the percent changes in length, transverse,
height, and volume measurements were calculated and
compared among patients who had any or all of the litera-
ture-supported and proposed markers.

Results

A total of 116 patient charts were reviewed with encounters
from 2012 to 2019 across two separate health systems. Of
these, 25 patients were identified as fitting the study criteria,
with the most common exclusionary reason being that many
patients had an initial CT but their follow-up imaging was a
MRI scan. When this was the case, the authors did not feel
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Table 1 Average percent change in length, transverse, and
height measurements of all hematomas

Overall Length | Transverse | Height | Volume

Mean percent | 15% 79% 66% 182%

change +0.38 | £2.6 +0.58 | £0.033
Note: n=25.

Table 2 Statistical significance of proposed fracture markers;
significance set to p <0.05

Parameter p-Value Significance
Fracture involving the 0.014 Significant
skull base a

Comminuted fracture® 0.033 Significant
Displaced fracture® 0.748 Not significant

Note: Bold values are significant at p < 0.05.
Specifically the transverse measurement of the hematoma.
bSpecifically the length measurement of the hematoma.

comfortable making statistical claims regarding any changes
in hematoma size between the two different imaging mo-
dalities. The average time between the initial and follow-up
CT scans was 4.9 hours. The average percent change ([follow
up measurement - initial measurement] / initial measure-
ment x 100%) in each of the hematoma measurements is
shown in =Table 1.

Of the proposed fracture markers, only patients with a
fracture of the skull base and/or comminuted fractures
showed a significant increase in hematoma size as shown
in =Table 2.

Of the 25 patients, those who had a greater than 25%
increase in any of the hematoma measurements were evalu-
ated with respect to each marker as shown in = Table 3. It was
found that over 50% of these patients had a “noteworthy
increase” (greater than 25% as per the study protocol) in both
length, height, and volume measurements of their hemato-
mas for each of the proposed air markers. In other words,
more than 50% of patients with air in any of the three
specified regions had a noteworthy increase in the length,
height, and volume of their hematoma. Most compelling is
the high percentages of patients who had both air in any of
the three regions and a notable increase in hematoma
volume (80%, 79%, and 77%, respectively). Additionally, 50%
of patients with either Blend, Swirl, or Black Hole signs had a
greater than 25% increase in the height measurement of their
hematoma.

It was hypothesized that the presence of air in all three
locations or the presence of all three CT signs could be
correlated to increased severity of the hematoma and there-
fore greater risk of hematoma growth. Thus, the average
percent change in hematoma measurement was evaluated
by the number of patients who had air in all three locations
(11 out of 25) or all three CTsigns (9 out of 25). The results of
which are listed in =Table 4.
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Table 3 Patients with significant (> 25%) increase in hematoma size by marker and measurement

Length Transverse Height Volume
Intradural air in the region of hematoma on CT 71% 38% 63% 80%
Intradural air in the region of fracture on CT 57% 38% 56% 79%
Intradural air in the region of skull base 71% 38% 56% 77%
CT Blend Sign 43% 38% 50% 42%
CT Swirl Sign 43% 25% 50% 71%
CT Black Hole Sign 43% 50% 50% 59%
Total patients with percent change >25% 7/25 8/25 16/25 19/25
Note: Bold values represent significance.
Table 4 Percent change in hematoma size in patients with all three air markers or all three CT signs
Average % increase Length Transverse Height Volume n[Total
All 3 air signs 22% 27% 55% 83% 11/25
+0.43 +0.41 +0.51 +0.89
All 3 CT signs 2% 140% 37% 218% 9/25
+0.23 +4.3 +0.60 +4.84
Discussion extensively in the literature and were used largely as a type of

The small sample size in this study imposes some limitations
on the interpretation of the data collected. However, the high
percentage of patients with intradural air who had notewor-
thy hematoma expansion represents a promising new pre-
dictive marker. This could be explained by a similar
mechanism to the skull base and complicated fractures;
more severe trauma could introduce air into the calvarium,
associated with greater potential for damage to the menin-
geal vasculature and diploic vessels, which causes increased
blood extravasation into the epidural space. Due to the
sharply defined borders and contrast, identifying air in a
scan is not difficult and could provide rapid identification of
growth risk, thus aiding in the decision of whether or not to
operate on a patient earlier in their treatment course.

Additionally, the demonstrated predictive potential of
skull base and comminuted fractures shows another poten-
tially useful new marker that could be helpful in predicting
the propensity of a PEDH to grow. The relationship between
the presence of complicated fractures and hematoma growth
is intuitive, since a more extensive fracture would likely be
associated with more traumatic head injuries, resulting in
increased blood extravasation as discussed above. While
both of the abovementioned imaging features may seem to
be obviously connected to hematoma growth, the utility of
this study lies in the fact that their predictive value has not
actually been established in the literature until now.

While the CT Blend, Swirl, and Black Hole signs did show a
relationship between presence on initial scan and hematoma
growth, these signs were not present as often as intradural
air in patients with significant growth. Additionally, there is
more room for interpretation when determining if these
markers are present on imaging. These signs are discussed
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control with which to compare the proposed markers. Thus,
using the presence of intradural air as a possibly more
sensitive, rather than specific predictor of hematoma growth
in conjunction with the established Blend, Swirl, and Black
Hole signs may be beneficial. Further investigation regarding
patient outcomes in this scenario is required.

This study should serve as a starting point for several
more investigations, preferably with a far larger cohort, to
assess the validity of these results. It could also be useful to
examine the possible use of intradural air as a predictive
marker for hematoma growth in the adult population.
Ascertaining if there are particular combinations of Blend,
Swirl, and Black Hole Signs with intradural air correlated to
greater hematoma growth might also be of interest. Addi-
tionally, further studies assessing the validity of skull base
and other associated fractures could be helpful in solidifying
the predictive value of these markers in assessing PEDH
growth. Although the results of this study do not warrant
radical changes to current protocols, the value lies in the
possibility for further research into an important factor in
the diagnosis and management of PEDH patients, as well as
the addition of another tool to aid in clinical decision-making
with regard to whether or not to send a patient to surgery.
Catching growing hematomas early can hopefully decrease
the morbidity and mortality often associated with this
condition.

Conclusion

The presence of intradural air and CT Blend, Swirl, and Black
Hole signs were found in over half of the patients with
progressive hematoma growth in this group. The complexity
of the involved fracture (involvement of skull base and
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comminuted status) appeared to be a significant determi-
nant of EDH growth in this cohort. Due to the easily recog-
nizable characteristics of intradural air and the high
percentage of patients in this cohort with this feature on
CT, it would be reasonable to use intradural air as a predictive
tool for hematoma growth. Therefore, it may prove beneficial
to a patient with these imaging features to evacuate the
hematoma rather than putting them under observation.
Given the sample size and restriction to pediatric patients,
the authors hope to expand the cohort to include adult
patients and further test the predictive value of these
proposed parameters. Establishing such new markers can
hopefully provide more effective care for patients with EDH.

Note
This study was reviewed and approved by the Interna-
tional Review Board, Approval #L18-148.
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