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Abstract
Diagnostic and therapeutic interventions in children for traumatic brain injury, which is known as the most important compli-
cation in trauma, require special attention. This study aimed to evaluate the accuracy of point-of-care ultrasound (POCUS) in
diagnosing skull fracture in children with closed head injury in comparison with computed tomography (CT) scan. The current
prospective cross-sectional study was conducted on children (0—14 years old), who were referred to the emergency department of
a general teaching hospital in Shiraz, southern Iran (January—March 2018), with close head injury and were suspected of bone
fracture. The participants were selected using a convenience sampling. The results of POCUS performed by emergency medicine
(EM) residents were compared with the results of CT scan, which was reported by radiologists and considered a gold standard.
Then, diagnostic tests were calculated. A total of 168 children were enrolled, with the mean =+ standard deviation age of 6.21 +
3.99. The most affected areas in the skull were the frontal (34.5%) and occipital areas (33.3%). POCUS had a sensitivity and
specificity of 81.8% (95%Cl, 48.2-97.7%) and 100% (95%Cl, 97.7-100%), respectively. Positive and negative predictive values
were 100% and 98.7%, with an accuracy of 98.8% in comparison with CT scan in the diagnosis of skull fracture.

Conclusion: The results showed that POCUS with a portable ultrasonography machine, performed by the EM’s physicians,
have high diagnostic precision and can be considered a tool in the management of patients with closed head injury.

What is Known:

* Some studies have investigated the accuracy of ultrasound in diagnosing skull bone fractures in children with closed head injury, but before conducting
this survey, no definite evidence recommended POCUS for skull fracture in children with closed head trauma in the ED.

What is New:

* POCUS with a portable ultrasonography machine, performed by the EM’s physicians, has high diagnostic precision and can be considered a tool in
the management of patients with closed head injury.
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Abbreviations

AUC Area under the curve

CI Confidence interval

CT Computed tomography

ED Emergency department

EM Emergency medicine

MRI Magnetic resonance imaging
NLR Negative likelihood ratio
NPP Negative predictive value
PLR Positive likelihood ratio
POCUS  Point-of-care ultrasound
PPV Positive predictive value
ROC Receiver operating characteristic
SD Standard deviation

TBI Traumatic brain injury

(0N Ultrasonography
Introduction

Trauma is known as an important cause of mortality and dis-
ability, especially amongst children [1, 2]. Head injury is a
public health issue with about 30% of it leading to skull frac-
tures [3, 4]. It was estimated that annually, 2 million cases of
head injury occurred in the USA [4]. It can cause many com-
plications, such as skin damage, soft tissue injuries, bone frac-
tures, and brain tissue injuries, which are known as traumatic
brain injury. Traumatic brain injury (TBI), which is defined as
a disruption in the normal brain’s function, can involve both
adults and children, but its pathophysiology and management
are different in children [2].

When the skull is fractured, the dura mater is prone to
damage. Dural laceration is common in diasthetic skull frac-
tures and should be diagnosed because of its complications
[5]. Head CT scan, an X-ray-based modality, is widely used to
diagnose skull fracture and TBI. Children are more sensitive
to ionizing radiation, and the relative risk of cancer is higher in
them [6, 7]. Given the dangers of using X-rays and computed
tomography (CT) scan, physicians are attempting to reduce
the use of these methods as much as possible. Solutions in-
clude the development of clinical guidelines to reduce unnec-
essary exposure or alternative imaging methods such as mag-
netic resonance imaging (MRI) or ultrasonography (US) [8].

US is a noninvasive tool that is superior to CT and MRI for
detecting dura’s status. Also, it is preferred over MRI due to it
being more available in the emergency department (ED) [5].
Rabiner et al. stated the following benefits for point-of-care
ultrasound (POCUS): (a) early diagnosis of a patient and early
consultation; (b) reduction in CT scan request; (c) as a diag-
nostic tool when there is no access to CT scan; and (d) a triage
tool in disaster area with difficult conditions [9]. Also,
Weinberg et al. reported that the accuracy of POCUS was
higher in diagnosing longitudinal bone fractures, especially
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in young adults and children with open growth plates, which
can be used as a quick alternative to detect wrist fractures [10].
It is noticeable that POCUS may be a tool for detecting skull
fracture; it does not rule out the brain lesion which might be
more hazardous for the injured patients, and in the high-risk
patients, CT scan should be performed [11-13].

Some studies have investigated the accuracy of ultrasound
in diagnosing skull bone fractures, such as the study by
Rabiner et al. [9], Trenchs et al. [14], Marin [15], and Riera
and Chen [16]. All the mentioned studies highlighted the high
sensitivity and specificity of POCUS for skull fracture clinical
diagnosis. However, the aforementioned study sample sizes
were low; hence, further studies were warranted to obtain
sufficient evidence for pandemic usage. Therefore, the current
study aimed to evaluate the accuracy of POCUS in diagnosing
skull fracture in children with closed head injury in compari-
son with CT scan. The results would aid emergency physi-
cians to speed up and reduce the cost of diagnosing TBI.

Materials and methods
Study setting

This prospective cross-sectional study (January—March 2018)
was designed and conducted in the acute care II of the
Emergency Medicine Department at Namazi Hospital, one
of the biggest referral hospitals in southern Iran, with residen-
cy training program and more than 90,000 admission, annu-
ally. Moreover, about 1500—1800 children with trauma or
surgery problems were admitted in this ED, too.

Study population

The study was performed on eligible patients who had referred
to the ED. The inclusion criteria were children less than 14
years old with close head injury, suspected to skull fracture
through physicians’ physical examination, detectable place of
injury through hematoma, or other specific findings, and ac-
cording to existing algorithms, they required CT scan to rule
out TBI [11]. Patients who required emergency actions such
as airway management, and those parents who did not sign the
written informed consent were excluded from the study.

Sample size and sampling method

Using the Arkin and Wachtel’s method [17] as well as
Medcalc software for Windows, a sample size of 100 patients
was calculated to obtain a 95%CI (standard deviation (SD) =
5%) with an estimation of 96% specificity for the diagnosis of
skull fracture (o = 5%, (5 =20%) [9]. But in order to increase
the power of the study, 168 patients who met the inclusion
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criteria were enrolled. We used convenience sampling
methods to collect the participants’ data.

Study protocol and interventions

Skull skin ultrasonography was conducted using a portable
ultrasonography machine (Mindray Z5, made in China) with
linear probe in frequencies ranging 7—10 MHz, based on the
method described by Marin et al. [18], by willing cooperative
first year emergency medicine (EM) residents (4 physicians)
supervised by ED attending physicians who were Iranian
board-certified in EM, and faculty members who were expert
in performing POCUS. POCUS is defined as one of the topics
of EM curriculum and is taught to EM residents in Iran, during
their program. In addition, the EM residents who participated
in this study had attended a 1-day workshop on POCUS in
diagnosis of skull fracture.

After using an US gel or using a water-separating pad, the
transducer was placed on the impact site, often characterized
by hematoma or other signs which show the site of injury.
Using a high-frequency linear transducer, images were
scanned at 2 horizontal levels throughout the length of the
impact site. Due to the anatomical differences between the
skull of children and adults, the operator must be familiar with
young children’s skull anatomy and aware of the differences
in order to be able to correctly identify fractures. The two-
sided symmetric discontinuity usually shows the location of
skull sutures. The discontinuation of bone under impact area
that was not symmetric in comparison to the other side of skull
reports as a skull bone fracture [18].

After recording the results, patients were referred to radiol-
ogy department for head CT scan without using contrast. If
any children need sedation, midazolam 0.1 mg/kg was admin-
istered. Since CT scan is considered the gold standard for
diagnosing skull fracture, first/second year radiology resi-
dents, supervised by radiology-attending physicians, who
were Iranian board-certified in radiology and faculty member,
reported all the CT scan images. The radiologists were blinded
to the results of the US, which were obtained in the ED. All
data were recorded in the data gathering form.

Statistical analysis

All data were entered into the Statistical Package for Social
Sciences version 19.0 (SPSS Inc., Chicago, IL, USA) and
Medcalc for Windows for statistical analyses. The sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPP), positive likelihood ratio (PLR), negative
likelihood ratio (NLR), and the accuracy were calculated. In
order to determine the best sensitivity and specificity and to
obtain the area under the curve (AUC), receiver operating
characteristic (ROC) curve was plotted. Kappa was used to
assess the level of agreement between EM residents’ POCUS

results and the radiologists’ report. Results are presented as
mean + SD for continual variables and are summarized in
number (percentage) for categorical ones. Two-sided P value
less than 0.05 and confidence interval (CI) of 95% were con-
sidered to be statistically significant.

Results

A total of 168 children were enrolled (Fig. 1), out of which
66.1% were male and the mean + SD of age was 6.4 = 3.9
years. Eighteen (10.7%) children needed sedation for CT scan
to be performed. The age group > 4 had the highest frequency
(61.3%). According to the patients’ clinical features, the most
affected areas of the skull were the frontal (34.5%) and occip-
ital areas (33.3%) (Table 1). Using US, 9 (5.4%) fractures
were detected, whereas CT scan was able to identify 11
(6.5%). In addition, 1 brain tissue injury was diagnosed using
CT scan (Table 2). The level of agreement between EM res-
idents” POCUS results and the radiologists’ CT reports was
0.9 (95%Cl1, 0.8-1.0).

POCUS had a sensitivity and specificity of 81.8% (95%CI,
48.2-97.7%) and 100% (95%CI, 97.7-100%), respectively,
with an accuracy of 98.8 (95%Cl, 95.8-99.9) in comparison
with CT scan which is considered the gold standard for diag-
nosing skull fracture. NLR was obtained at 0.2 (95%CI, 0.1—
0.6) (Table 3). Figure 2 shows the ROC curve of POCUS in
diagnosing skull fracture in children with closed head injury,
with the AUC obtained at 0.9 (95%CI, 0.85-0.95, P <
0.0001). Examples of skull fracture in CT scan, as well as
normal skull and fracture in skull ultrasound, are shown in
Fig. 3.

Discussion

Although the use of this method is not common because point-
of-care skull ultrasonography has not yet been included in
clinical guidelines, we use this method in our ED to reduce
the use of CT scans by observing legal considerations when
visiting the patients. The algorithm provided by PECARN is
widely used to decide in performing CT scans in children with
head trauma [11]. In this algorithm, the use of CT for children
with a moderate risk for brain injury has always been chal-
lenged, especially when the child visits by an ED physician in
a center where there is no CT scan, and the physician wants to
refer the child to a higher level center for CT. In this case, if
the child is eligible for ultrasound, the location of the injury is
clear, and the skin is not torn, ultrasound can be used to de-
termine the existence of skull fracture which would be an
indication to perform CT in order to discard intracranial
injuries.
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Enroliment Assessed for eligibility (n=582)
Excluded (n=414)
o Referred to CPR (n=3)
"1 e CT scan was not indicated
(n=291)
e Laceration in the skull (n=116)
Eligible (n=172)
\ 4
[ Allocation ] Allocated to intervention (n=168)

+ Received allocated intervention (n=168)
+ Did not receive allocated intervention (Not
sign the written informed consent) (n=4)

[ Analysis ]

Analysed (n=168)
+ Excluded from analysis (n=0)

Fig. 1 Flow diagram of enrolled patients

Table 1 Patients characteristics
and clinical findings Characteristics Total (n =168)  Skull bone fracture Without skull bone fracture P value
inthe CT scan (n=11)  inthe CT scan (n = 157)

Age group
Mean + SD 64+39 32+24 65+39 0.003*
>4 65 (38.7%) 7 (77.8%) 58 (37.7%) 0.043*
5-9 53 31.5%) 2 (22.2%) 51(33.1%)
>10 45 (27.6%) 0 (0%) 45 (29.2%)
Gender
Male 111 (66.1%) 6 (54.6%) 105 (66.9%) 0.53
Female 57 (33.9%) 5 (45.4%) 52 (33.1%)
Scalp hematoma
Frontal 58 (34.5%) 0 (0%) 58 (36.9%) 0.002*
Occipital 56 (33.3%) 2 (18.2%) 54 (34.4%)
Left parietal 18 (10.7%) 3 (27.3%) 15 (9.6%)
Right parietal 16 (9.6%) 2 (18.2%) 14 (8.9%)
Right temporal 12 (7.1%) 2 (18.2%) 10 (6.4%)
Left temporal 8 (4.8%) 2 (18.2%) 6 (3.8%)
Ultrasound report
Normal 159 (94.6%) 2 (18.2%) 157 (100%) 0 < 0.0001*
Fractures 9 (5.4%) 9 (81.8%) 0 (0%)
Brain tissue CT report
Normal 167 (99.4%) 10 (90.9%) 157 (100%) 0.065
Injured 1 (0.6%) 1 (9.1%) 0 (0%)

CT computed tomography, SD standard deviation
*Statistically significant
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Table 2 The results of point-of-care ultrasound in diagnosis of skull
fracture in children with head trauma

CT scan Total
Positive Negative
Point-of-care ultrasound
Positive 9 (81.8%) 0 (0%) 9 (5.4%)
Negative 2 (18.2%) 157 (100%) 159 (94.6%)
Total 11 157 168
P value 0<0.0001*

Level of agreement 0.894 (95%CI, 0.748-1.0)

The results of our study showed that out of 168 patients
who were enrolled in this study, POCUS had high sensitivity,
specificity, and accuracy. Although a wide range of 95%CI
for sensitivity (48.2-97.7%) may be a high chance of false
negatives (due small sample size in patients with positive skull
fracture in CT scan), high positive and negative predictive
values in comparison with CT scan show that this tool can
detect true-positive and true-negative cases, correctly; hence,
POCUS can be considered a diagnostic tool in the screening
of skull fractures in children with closed head injury when the
risk of intracranial lesions is low. Also, obtained NLR less
than 0.5 in our population [0.2 (95%CI, 0.1-0.6)] means that
lower probability of skull fracture to be present in suspicious
children with a negative POCUS. But, due to low prevalence
of skull fracture in our population with wide range of 95%ClI,
POCUS can be used in combination of other signs or findings
in order to rule out more efficiently the existence of skull
fracture in the patients with low risk. Our results were in line
with Gordon et al.’s study that they found pooled PLR of 14.4
and NLR of 0.14, although our patients with positive skull
fracture in CT scan were low. Even though they showed in
their meta-analysis that POCUS significantly increases the

Table 3  Diagnostic values of point-of-care ultrasound in diagnosis of
skull fracture in children with closed head injury in comparison with CT
scan

Diagnostic values Values (95%CI)

Sensitivity
Specificity
Positive predictive value (PPV)

81.8% (48.2-97.7%)
100% (97.7-100%)
100% (66.4-100%)
Negative predictive value (NPV) 98.7% (95.5-99.8%)
Positive likelihood ratio (PLR) -

Negative likelihood ratio (NLR) 0.2 (0.1-0.6)
Accuracy 98.8% (95.8-99.9%)
Area under curve 0.9 (0.86-0.95)

P value P <0.0001*

CI confidence interval

*Statistically significant

Ultrasound

100

4 /

60

40

20

o
1
=

0 20 40 60 80
100-Specificity
Fig. 2 ROC curve of point-of-care ultrasound in diagnosis of skull frac-

ture in children with closed head injury in comparison with CT scan.
Area under the curve is 0.9 (95%CI, 0.85-0.94, P < 0.0001)

100

probability of skull fracture in children with closed head injury
with pooled sensitivity of 91% and specificity of 96% [19], we
performed this survey before their article’s publication, and
we thought that we should publish our findings. Finally, they
stated that a positive POCUS can increase the probability of
skull fracture, whereas a negative test decreases the
probability.

The specificity of this modality in the current study was
100%, while in the study by Parri et al. [20], which had the
highest number of sample size before this study, it was report-
ed to be 85.2%. This significant difference might be due to the
number of patients diagnosed with skull fracture in the men-
tioned study, and the number might be closer to reality.
Rabiner et al. [9] reported that POCUS had a sensitivity of
88% and a specificity of 97%, but our results showed more
sensitivity and specificity. Weinberg et al. [10] obtained a
sensitivity of 100% (95%CI, 20-100) and a specificity of
100% (95%CI, 79—-100), but their sample size was only 10
patients. Choi et al. found that in 87 children 0—4 years,
POCUS had the sensitivity and specificity of 76.9% and
100% [21]. Masaeli et al. reported a sensitivity and specificity
0f92.3% and 95.9%, for POCUS in diagnosing skull fractures
[22].

In Choi et al.’s study [21], 3 false negatives were observed,
whereas in the current study, 2 false negatives were detected.
One was a patient with a zygomatic arch fracture, which is not
considered fracture of the skull bone, and the other had the
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Fig.3 a Bone window in head CT
scan, skull fracture in the
occipital area mentioned by an
arrow. b Normal skull in
ultrasound. ¢ Skull fracture in the
ultrasound mentioned by an
arrow. Disruption in the integrity
of the outer layer of the skull in
this image, in comparison to
image b, indicates a fracture

lambdoid suture region fracture, which was not diagnosed in
POCUS. However, a study showed that US could be consid-
ered an effective tool for the diagnosis and evaluation of frac-
ture in suture regions [5]. Hence, the reason of non-diagnosis
could have been due to operator-based skill and accuracy in
diagnosis.

On the other hand, the prevalence of skull fracture amongst
168 patients in this study was 6.6%, while in other studies, this
number varied between 11% in the study by Rabiner et al. [9]
and 76.5% in Parri et al. [20]. It seems that stricter entry
criteria in those studies might have led to enrolling patients
with higher risk of skull fracture and traumatic brain injury,
e.g., in Parri et al. study [20], which considered only hemato-
ma as the point of fracture. Therefore, the mentioned studies
obtained a higher rate of skull fractures. Also, children’s par-
ents asked to perform CT scan; hence, the number of normal
CT scan was higher in this study.

Another difference was that in previous studies, emergency
radiologist or EM specialist who conducted POCUS had been
trained between an hour to a month [9, 11, 20]. In contrary,
POCUS was conducted by the first year EM residents in our
study. According to similarity in the design and results of this
study with previous ones, it can be concluded that the skull US
can be considered an easy modality that emergency physicians
can use.

In the current study, a total of 58 (34.5%) patients suffered
from head trauma in the frontal area, but none of them had a
positive POCUS or CT scan. It seems that more strict criteria
should be considered for CT scan in patients with frontal trau-
ma. In such patients, POCUS can have a significant role in
reducing the number of exposure to ionizing radiation, espe-
cially in cases that parents are eager to do imaging. Also, in the
previous studies, there were patients with TBI in the absence
of skull fracture [20], but in the present study, only one patient
had brain injury as well as skull fracture. Considering the
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significant relationship between skull fracture and TBI [23],
POCUS should be used in combination with other clinical
guidelines to reduce the frequency of exposure to X-rays.
Moreover, patients with negative POCUS should be moni-
tored within 2—4 h in the ED, and their parents should be
trained about the warning signs at the time of discharge [24].

Consequently, POCUS is a modality that can be tolerated
by patients and be used as a diagnostic tool for skull fractures
in children, along with other existing algorithms such as
PEACARN [11] to reduce CT scan usage, especially in pa-
tients with intermediated risk. If a skull fracture is diagnosed
by POCUS, performing CT scan can rule out TBI. In the
absence of skull fracture and other risk factors, patient could
be observed and CT might not be indicated.

Although POCUS is considered a good diagnostic tool,
extensive use of ultrasound to diagnose skull fractures has
significant limitations. Firstly, the location of the injury has
to be clearly identified; it is necessary that the skin does not
have any damages. In many cases when they go to the ED,
finding of the injury location is challenging. In the previous
studies, the only factor in identifying the site of injury was the
presence of hematoma, but in this study, we also identified
other factors that determined the location of the injury, such as
parental observation or scratching of the skin surface. Another
point was the need for sedation in children to perform this
procedure. Although none of the children in this study needed
sedation for POCUS, the need for relaxation and immobility is
always one of the challenges of performing ultrasound in chil-
dren. Therefore, if possible, before trying to sedate with med-
ication, it is recommended to first explain this method to the
child and, with the help of parents, provide a suitable environ-
ment for the child to cooperate. In younger children, medica-
tions can be used if the child is not comfortable in the arms of
the parents. So, the patient’s cooperation and stillness are nec-
essary to achieve reliable results. Another concern regarding
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POCUS is infection control. The probe should be cleaned
before and after each usage with appropriate solutions, and
if possible, a containing pad with special gel should be used
to cover the probe to avoid direct contact with the patient’s
skin [25]. Being operator-based is another limitation.

It is worthy to say that the current study was conducted in a
single center with convenience sampling method. Due to low
prevalence of skull fracture in our studied population, specific
studies evaluating the combination of POCUS with other
signs in larger population might be useful to include POCUS
in the diagnostic algorithms of patients with closed head

injury.

Conclusion

According to the results, POCUS performed in the ED by
emergency physicians has high diagnostic precision and can
be considered a tool in the management of patients with closed
head injury.
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