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Abstract
Objective A handheld device using near-infrared technology
(Infrascanner) has shown good accuracy for detection of trau-
matic intracranial haemorrhages in adults. This study aims to
determine the feasibility of use of Infrascanner in children
with minor head injury (MHI) in the Emergency Department
(ED). Secondary aim was to assess its potential usefulness to
reduce CT scan rate.
Methods Prospective pilot study conducted in two paediatric
EDs, including children at high or intermediate risk for clin-
ically important traumatic brain injury (ciTBI) according to
the adapted PECARN rule in use. Completion of Infrascanner
measurements and time to completion were recorded. Deci-
sion on CT scan and CT scan reporting were performed
independently and blinded to Infrascanner results.
Results Completion of the Infrascanner measurement was
successfully achieved in 103 (94 %) of 110 patients enrolled,
after a mean of 4.4±2.9 min. A CT scan was performed in 18
(17.5 %) children. Only one had an intracranial haemorrhage

that was correctly identified by the Infrascanner. The explor-
atory analysis showed a specificity of 93 % (95 % CI, 86.5–
96.6) and a negative predictive value of 100 % (95 % CI,
81.6–100) for ciTBI. The use of Infrascanner would have led
to avoid ten CT scan, reducing the CT scan rate by 58.8 %.
Conclusions Infrascanner seems an easy-to-use tool for chil-
dren presenting to the ED following a MHI, given the high
completion rate and short time to completion. Our preliminary
results suggest that Infrascanner is worthy of further investi-
gation as a potential tool to decrease the CT scan rate in
children with MHI.
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Introduction

Minor head injuries (MHI) continue to be a major problem in
paediatrics, representing one of the most common reasons for
visits to the Paediatric Emergency Department (PED) [19, 5,
7], however only a small number are at risk of identifiable
poor outcome [6, 14, 22].

The use of head CT for the detection of traumatic intracra-
nial injuries in children should be balanced against the risks
related to radiation [1, 18, 21], and risk of sedation of unco-
operative patients [4, 17]. In addition, it leads to an increased
resource utilization [20].

Despite recent availability of high-quality clinical decision
rules to assist decision-making on CT scan in paediatric MHI
[6, 14, 22], the rate of unnecessary neuroimaging is far from
being optimal [16].

In the study centres we implemented the rule by the Pae-
diatric Emergency Care Applied Research Network
(PECARN) [14] that provides differentiated algorithms for
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children younger and older than 2 years of age (Fig. 1) This
rule, derived and validated in the largest multicentre studywith
high methodological standards, appears to be the best rule to
accurately identify children at very low risk of clinically im-
portant traumatic brain injuries (ciTBIs) for whom a CT scan
can safely be avoided. For children at intermediate and high
risk of ciTBI however, the rate of CT scan is still considerable
with a rate of unnecessary CTs of approximately 20 % in our
setting [2], and more than double in the United States [14].

In the effort of further optimizing the use of head CT scan
in children with MHI new management strategies should be
investigated, such as the additional use of non-radiating tools
for the identification of patients with potentially clinically
important intracranial haemorrhages.

Near-infrared spectroscopy (NIRS) technology devices
have shown good accuracy for the detection of traumatic
intracranial haemorrhages in adults [8–13, 15], with a sensi-
tivity ranging from approximately 70 to 100 % and a speci-
ficity equal or greater than 80 %.

Promising results have also recently been reported in chil-
dren [3, 25]. However, data are still limited and no studies
have specifically assessed the feasibility of NIRS technology
in detecting intracranial haemorrhages in the most challenging
group of children with MHI in the emergency department
(ED) setting.

The aim of this study was to determine the feasibility of use
of NIRS technology for children with MHI in the ED. We
hypothesised that the use of a handheld, non-radiating, pain-
less, near-infrared technology device (Infrascanner) would be
time efficient, and could be easily used in a busy ED also in
young children.

As a secondary aim we explored whether Infrascanner
could help reduce the number of unnecessary CT scan in
this population and is worth of further larger multicenter
studies.

Methods

Study design and setting

A prospective observational pilot study was carried out over a
9-month period (June 2011–February 2012) in the PED of the
Woman’s and Child’s Health Department of Padova Hospital
and over 7 months (September 2012–March 2013) in the
Paediatric Unit of Treviso Hospital, in Italy. The PEDs of
Padova and Treviso share clinical protocols and they collab-
orate in common research projects. Their yearly census is
approximately 25,000 and 15,000 visits of children younger
than 15 years. Both study centres use an adapted version of the

ciTBI predictors Age < 2 years of age Age > 2 years of age

High-risk Altered mental statusa

Palpable skull fracture

Altered mental statusa

Signs of basilar skull fracture

Intermediate-risk Severe injury mechanismb

Loss of consciousness  > 5 secs

Non-frontal hematoma

Not acting right as per parents

Severe injury mechanismb

Any loss of consciousness

Vomiting

Severe headache

Amnesiac

Very low risk None None

Fig. 1 PECARN minor head injury age-based clinical prediction rules: high, intermediate and very low risk groups for clinically important
traumatic brain injury (ciTBI)
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PECARN rule for the management of children with MHI
(Fig. 1).

Inclusion and exclusion criteria

A convenience sample of children younger than 15 years of
age presenting to the ED following a MHI at high or
intermediate PECARN risk of ciTBI were enrolled [2, 14].
Neurologic or bleeding disorders were part of the inclusion
criteria, as children with these conditions are more likely to
undergo CT scan, independent of their risk group. According
to the instructions of the manufacturer, only children who
sustained the head injury within the 12 h prior to presenta-
tion were eligible to undergo the Infrascanner measurement.
This time restriction was recommended to warrant optimal
sensitivity.

Exclusion criteria were: performance of neuroimaging at
another hospital before assessment in the study PEDs, low risk
of intracranial injury or trivial injury, as defined by the
PECARN study [14], large scalp lacerations or blood over
one or more sites of NIRS measurement or suspicion of abuse
(for the most likely subacute/chronic nature of possible intra-
cranial injuries), previous craniotomy [12].

Definitions

MHI: blunt head injury with GCS≥14 at the time of ED
assessment.

ciTBI: death from head injury, neurosurgery, intubation
for more than 24 h for the head injury or hospital admis-
sion of two nights or more associated with traumatic brain
injury on CT scan [14] (defined as: intracranial haemor-
rhage or contusion, cerebral oedema, traumatic infarction,
diffuse axonal injury, shearing injury, sigmoid sinus throm-
bosis, midline shift of intracranial contents or signs of brain
herniation, diastasis of the skull, pneumocephalus, skull
fracture depressed by at least the width of the table of the
skull).

Trivial injuries: ground-level falls or walking or running
into stationary objects, and no signs or symptoms of head
trauma other than scalp abrasions and lacerations [14].

Study outcomes

Feasibility of NIRS technology: defined as

& Completion of Infrascanner measurements: performance
of the measurements in all the four pre-selected pairs
of locations (frontal, temporal, parietal and occipital
regions).

& Time to completion: time to complete all the measure-
ments, including repeat of the measurements in case of a
positive result (see below).

Possible usefulness of NIRS technology in reducing CT
scans: defined as

& Ability to predict negative CT scans in children with
negative NIRS

& Ability to predict children without ciTBI as assessed by
either CTscan or results of follow-up for children who did
not undergo CT scan on initial assessment.

Clinical evaluation and management

Decisions on CT scan and disposition (discharge, observa-
tion in ED, length of observation or hospitalization) were
made independently by the treating physician, who was
blinded to the Infrascanner measurements results. Treating
physician’s decision-making on whether to CT scan was
not influenced by the Infrascanner results. CT scan findings
were reported by an attending neuroradiologist who was
unaware of the current study and Infrascanner measure-
ments results.

Data collection and study procedures

In both centres, patients were enrolled only when a study
operator was available, i.e., weekdays during day time
(8 am–6 pm). The electronic data system of each PED was
monitored to identify eligible patients.

Data on demographics, mechanism of injury, clinical find-
ings, PECARN risk group and disposition were prospectively
collected at the time of initial assessment in the ED. Informa-
tion on hair characteristics was also collected. Results of CT
scans were retrospectively collected from the report of the
attending neuroradiologist.

Trained NIRS operators were physicians working in the
two centres and they were available to recruit patients during
weekdays study hours, while on clinical duty. Their training
consisted of a 3-h course provided by the distributor of the
device. The course included a brief lecture, a demonstration
of the device, followed by supervision of practice examina-
tions on normal individuals. The demonstration was
videotaped and videos were made available for review by
the operators.

The Infrascanner measurements were performed before
neuroimaging, in patients undergoing CT scanning. Results
of the Infrascanner measurement were collected along with
all the other patients’ data on a dedicated clinical report
form.

Telephone follow-up, between 7 and 90 days after ED visit,
as well as monitoring of the electronic PED medical records
for return visits, were carried out for the patients who did not
undergo a CTscan. This was done in order to exclude initially
missed ciTBI.
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NIRS device and examination procedures

NIRS technology identifies intracranial haematomas by com-
paring the optical density (OD) of infrared light absorption
between symmetrical regions in the two sides of the head. The
extravascular blood of the haematomas absorbs NIR light
more than intravascular blood. This is due to the higher
concentration of haeme-based proteins, such as haemoglobin,
in the haematoma compared with normal brain tissue, where
blood is contained within vessels. Under normal circum-
stances, the brain’s absorption is symmetrical. When a
haematoma is present on one side of the brain a difference in
light absorption is detected and recorded by the NIRS device.
The examination includes a set of four pairs of measurements
of four regions of the brain (frontal, temporal, parietal and
occipital), where the device is placed in sequence on the left
and right side over pre-selected locations.

A commercially available handheld NIRS device was used
based on the manufacturer’s instructions (Infrascanner, Model
1000, InfraScan Inc.). This device includes a sensor and a
personal digital assistant (PDA) for data collection and pro-
cessing. The sensor includes an 808-nm near-infrared diode
laser light source and a detector of absorbance, placed 4 cm
apart. Both are optically coupled to the patient’s head through
a disposable sensor cap provided with two light guides and an
extra plastic support designed so that it can ensure adequate
sensor contact in areas with and without hair and minimize
background light interference. Acquired signals from the de-
tector are digitized and transmitted via Bluetooth to the PDA.
Absorbance of light is measured and the OD within the
various regions is determined. The difference in OD (ΔOD)
of the various regions is electronically calculated using the
following formula:

ΔOD ¼ log10
IN
IH

In this formula, IN is the intensity of the reflected light on
the presumed normal side, and IH is the intensity reflected
light on the presumed abnormal side. Based on previous
studies [24], a positive test result was defined by a difference
in optical density (ΔOD) >0.2 between two symmetric re-
gions. The detection limits of the device for intracranial
haematomas are a volume of blood ≥3.5 mL, within a depth
of 2.5 cm of the brain surface.

When a positive scan was obtained during the study, the
measurement was repeated to confirm the findings and reduce
the chances of a false reading due to trapped hair under the
light guides, or inadequate sensor contact with the head. If the
repeat scan did not match the original results, a third measure-
ment was performed; the outcome found twice was considered
the final result for the study. Negative findings were not

repeated, as possible false negative results from impaired
coupling of the sensor with the scalp are extremely unlikely.

Statistical analysis

Normally distributed continuous variables are presented as
means ± standard deviation. Comparison between continuous
variables was carried out using the t test. Categorical variables
are reported as absolute numbers and percentages. As this was
a pilot study no formal sample size calculation was performed.
An exploratory calculation of sensitivity, specificity, positive
and negative predictive values (PPVand NPV) was performed
with their 95 % confidence interval (CI). Statistical analyses
were conducted using the statistical program MedCalc 11.1.

Ethics approval

This study was approved by the ethics committees of both
Padova and Treviso Hospital and informed written consent
was obtained by parents or legal guardians, as well as assent
from capable patients.

Results

Population characteristics

A total of 1,083 children were assessed for MHI in both
centres during the study period. Of these, 844 were ineligible
because they had either trivial injuries or they belonged to the
very-low-risk group. Of the 349 children meeting the criteria
for MHI at intermediate or high risk, 175 presented outside the
recruitment hours. Of those presenting during the recruitment
hours 37 were excluded as the injury had occurred more than
12 h prior to the ED visit. One patient was excluded because
neuroimaging was performed at another centre before arrival
and one had a large scalp laceration overlying the sites of the
Infrascanner measurement. Of the 135 eligible patients, 115
were approached for participation in the study. Five patients
refused to participate, and a total of 110 patients were finally
enrolled (Fig. 2).

Feasibility

Of the 110 children enrolled in the study, 103 (94 %) had a
complete successful Infrascanner examination. Demographics
and clinical characteristics of these subjects are presented in
Table 1. Forty-six children were younger than 2 years of age,
57 (55.3 %) were male and 42 (40.8 %) sustained a frontal
impact to the head. Thirteen patients belonged to the high-risk
PECARN group.

Infants were preferentially assessed either when asleep or
when breast/bottle feeding. Older children were able to
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tolerate the performance of measurements after simple expla-
nation and instructions. We were unable to complete the
examination in seven children. Of these, one had thick hair
that impaired proper coupling of the sensor with the patient’s
head and six were uncooperative. These six were less than
2 years old, leading to a success rate of 88.5 % in children
younger than 2 years of age. Overall the mean time to com-
plete the examination was 4.4±2.9 min. The completion time
was longer in children younger than 2 years compared with
the older group (5.5±3.1 min and 3.5±2.2 min, respectively,
p =0.018).

Potential usefulness in reducing CT scans

Eight patients had a positive Infrascanner measurement in one
or more locations. Of these only one underwent a CTscan that
showed a parietal extradural haemorrhage corresponding to

the site of the positive measurement. None of the seven
patients with positive Infrascanner examination, who did not
undergo a CT scan, had a missed ciTBI, as ascertained by
telephone follow-up (Fig. 3). Of these patients, four had large
scalp haematomas overlying the sites of measurement.

The Infrascanner results were negative for intracranial
haematomas in 95 (92.2 %) children. Of these 17 underwent
a CT scan. All 17 CTs were negative for intracranial injury.
The remaining 78 patients did not undergo CT scanning.
Review of return visits and telephone follow-up ascertained
that ciTBI were not missed in any of these children (Fig. 3).

NIRS technology correctly identified 17/17 (100 %) pa-
tients without intracranial haemorrhages, as ascertained by CT

MHI at 
High or Intermediate 

Risk Group
n=349

Presenting outside
recruitment hours

n=175

Presenting within
recruitment hours

n=174

Approached     
n=115

Meeting Exclusion Criteria
• > 12 hours from injury n=37
• CT at other centre, n=1
• Large scalp laceration, n=1

Enrolled          
n=110

Refused consent 
n=5

Completed Infrascanner
n=103

Uncompleted Infrascanner
n=7

Eligible for the study
n=135

Missed
n=20

Fig. 2 Flow-chart of enrolled patients

Table 1 Demographics and clinical characteristics of study subjects
(n =103)

No. Percent

Age<2 years 46 45

Gender (M) 57 55.3

Site of impact

Frontal 42 40.8

Temporal 5 4.9

Parietal 11 10.7

Occipital 27 26.2

Unknown 18 17.5

Severe mechanism of injury 69 67

Loss of consciousness 7 6.8

Amnesia (>2 years of age) 6 5.8

Vomiting (>2 years of age) 12 11.7

Headaches (>2 years of age) 13 12.6

Not acting normally per parent (<2 years of age) 12 11.7

Large scalp haematoma (<2 years of age) 8 7.8

Signs of basal or skull fracture 1 1

Altered mental status 9 8.7

GCS 14 9 8.7

Risk group

Intermediate 90 87.4

High 13 12.6

Hair colour

Light 53 51.5

Dark 39 37.9

Black 11 10.7

Skin colour

White 95 92.2

Dark 4 3.9

Black 4 3.9

Hair thickness

Thin 30 29.1

Normal 65 63.1

Thick 8 7.8
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scan. The remaining 78, who did not have CT turned out to be
ciTBI negative (100 %).

The sensitivity, specificity, PPVand NPV for prediction of
intracranial haemorrhages identified on CT scan were 100 %
(95 % CI, 20.7–100), 100 % (95 % CI, 81.6–100), 100 %
(95 % CI, 20.7–100) and 100 % (95 % CI, 81.6–100),
respectively.

The sensitivity, specificity, PPVand NPV for prediction of
ciTBI identified by either CT or follow-up were 100 % (95 %
CI, 20.7–100), 93.1 % (95 % CI, 86.5–96.6), 12.5 % (95 %
CI, 2.2–47.1) and 100 % (95 % CI, 96.1–100), respectively.

According to this exploratory analysis, if the result of the
NIRS examination had been used for clinical decision mak-
ing, this would have led to a net avoidance of ten CT unnec-
essary scans (as seven unnecessary scans would have been
performed based on the positive Infrascanner results). The CT
scan rate would have reduced by 58.8 %, from 17.5 % (18/
103) to 7.7 % (8/103).

Discussion

Our results show that Infrascanner examination is feasible in
children with MHI in the ED, even in the younger group of
children aged less than 2 years of age, with a success rate
above 90 % overall and nearly 90 % in younger children.
Study operators obtained these very good results after only a
limited required training of 3 h. The relatively short time to
completion, 4.4±2.9 min, makes this examination a potential-
ly easy to use tool in the ED setting. Our study showed a
longer time to completion in children younger than 2 years,
5.5±3.1 min; this is to be expected because of their lack of
cooperation and need of repeat measurement. However, even
in this age group the average time to completion did not
interfere with the high-pace ED clinical activity. This study

is the first to assess times to completion in children with MHI
in the setting of an ED. A recent study including 28 children
admitted to a paediatric intensive care unit, who received a CT
scan as part of their routine clinical care, showed a NIRS
completion rate of 79 %, and a completion time up to
15 min [25]. The different population included in this study
(more severely injured patients, as well as patients with con-
ditions other than trauma) likely explains the difference in the
results. The other studies including both adults and children
[3, 23, 24] did not report specific data on completion rate or
time to completion for children. Studies mainly conducted in
adults report a time for NIRS examination completion of 2 to
3 min [12, 14, 15] or less than 10 min [23].

Our study population included a large proportion of chil-
dren younger than 2 years of age (45 %) that may represent a
more challenging group in clinical practice, especially for
adult emergency physicians who may have to take care of
children in community hospitals.

A small proportion of the study subjects, approximately
10 %, had thick, darkly coloured hair or dark-black skin.
These factors may affect performance of an optical method
such as NIRS [12, 26]. Improvement in the technology and
device design over time likely account for the good results of
our study. We were unable to complete the examination in
only one child, who had thick hair that impaired proper
coupling of the sensor with the patient’s head.

In the study population, a CT scan was performed in 18
(17.5 %) children. Only one had an intracranial haemorrhage
that was correctly identified by the Infrascanner measurement.
Of the 95 (92 %) patients who had a negative Infrascanner
result, 17 had a negative CTscan and 78 had no missed ciTBI,
as ascertained by follow-up.

According to our exploratory analysis Infrascanner might
be a useful tool in further optimizing the selection of CT scan
in children with MHI and is worth additional investigation in

Completed Infrascanner
n=103

Infrascanner
POSITIVE

n=8

Infrascanner
NEGATIVE

n=95

CT performed
n=1

CT
NOT performed

n=7

CT performed
n=17

CT
NOT performed

n=78

Follow up 
ciITBI POSITIVE  n=0
ciTBI NEGATIVE n=7

CT POSITIVE    n=1
CT  NEGATIVE n=0

CT POSITIVE     n=0
CT  NEGATIVE  n=17

Follow up 
ciTBI POSITIVE   n=0
ciTBI NEGATIVE n=78

Fig. 3 Results of Infrascanner
examination, CT scan
performance and follow up.
ciTBI clinically significant
traumatic brain injury
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future larger multicentre studies. The very high specificity and
NPV found for both intracranial haemorrhages and ciTBI
means that a negative result on the Infrascanner examination
seems highly predictive of the lack of intracranial haemor-
rhage and ciTBI in children with MHI. As for sensitivity and
PPV, our exploratory analysis failed to provide sufficient data
for their proper calculation, as shown by the broad confidence
intervals. However, if NIRS examination had been used for
clinical decision making, it would have led to a net CT scan
reduction of nearly 60 %. If these results were confirmed by
future larger studies, this would have important implications
for clinical practice in terms of reduction of children’s lifetime
risk of cancer due to radiation, as well as in important savings
for the healthcare system, especially in settings with higher
CT scan rates.

Previous studies assessing NIRS accuracy for traumatic
intracranial haemorrhages in different populations have report-
ed a good sensitivity and a specificity mostly greater than 85
and 75%, respectively, with a wide range of PPV (18 to 100%)
and good to very good NPV (80–98 %) [3, 9, 13, 15, 24, 25].
The only studies providing separate data on children have
found a specificity ranging from 64 to 80% and a NPVranging
from 80 to 98 % [3, 25]. However, the inclusion of different
populations [3, 25], as well as the little details provided on the
clinical characteristics of paediatric patients in the study by
Coksun and colleagues [3] limit the applicability of these results
to the population of children with MHI assessed in the ED.

In children with PECARN MHI the great majority do not
have intracranial injuries, with a prevalence of ciTBI ranging
from 1 to 5 % according to the risk group [14]. The influence
of the large prevalence of disease-free subjects on NPV values
likely accounts for the optimal results we obtained in our
convenience sample.

Despite the advantages of portable NIRS technology and
the potential role in the management with children with MHI,
this technology is not designed to substitute CT scan and its
intrinsic limitations should be noted.

First of all the detection limits of the device for intracranial
haematomas are a volume of blood ≥3.5 mL, within a depth of
2.5 cm of the brain surface. This does not allow for reliably
screening for deep haematomas or contusions, or very small
superficial bleeding.

Second, bilateral haematomas cannot be reliably identified
by near-infrared technology, as the technique relies on com-
parison of light absorption between the two hemispheres.

Third, the utility of NIRS in detecting subacute or chronic
haematomas is limited, since this technology is based on the
absorption characteristics of acute bleeding and haemoglobin
breakdown products that develop in the following hours do
not have the same absorption characteristics. This was the
reason why in our study the Infrascanner examination had to
be performed within 12 h of the head injury, according to the
instructions of the manufacturer, for optimal sensitivity.

Fourth, scalp haematomas are confounding factors for
near-infrared technology measurements. Blood contained
within a scalp haematoma can alter the difference in optical
density and cause a false-positive result. Despite symmetrical
measurements can be performed at the edges of the
haematoma, this limit questions the applicability of near-
infrared technology to the challenging group of children
younger than 2 years of age with large isolated scalp
haematomas.

Furthermore, thick hair may affect examination perfor-
mance, while cervical collars may limit the ability to perform
the measurements in the occipital pair of locations.

However, NIRS technology in children with MHI is not
meant to be used in isolation, but incorporated into clinical
decision rules, as a screening tool to further guide clinical
management.

Our study is limited by the small sample size. This limit is
intrinsic to the study design, being designed as a pilot study
based on the resources available, to inform on possible oppor-
tunities for larger multicentre studies.

Furthermore, a CT scan was not performed in all patients.
However, follow-up was carried out in all patients who did not
receive a CT scan, in order to exclude initially missed ciTBI.
ciTBI is a more clinically relevant outcome, compared to CT
findings alone, and it was previously used in the PECARN
study [14].

The results of our study suggest that Infrascanner exami-
nation is feasible in the ED even for children younger than
2 years of age and is worth of further investigation as a
potential tool to reduce CT scan rate in children with MHI
when used in conjunction with a clinical prediction rule. This
tool might help decision making in symptomatic children who
sustained a MHI up to 12 h from presentation, who neither
have large scalp haematomas or lacerations affecting the mea-
surement nor obvious signs of injuries that require CT scan
investigation independently of the presence of an intracranial
haemorrhage (such as obviously depressed skull fracture or
signs of base of skull fracture). Larger multicentre studies are
needed to appropriately assess the Infrascanner accuracy for
the management of children with MHI in the ED, as data on
false negative results should be carefully analysed in order to
minimize the risk of missing ciTBI while optimizing the
selection of patients who need a CTscan. In addition, it would
be interesting to assess the possible impact of negative NIRS
results on the duration of observation in the ED or in the ED-
based observation unit, following a MHI.

Conclusions

Infrascanner seems an easy-to-use tool for children presenting
to the ED following a MHI, given the high completion rate
and short time to completion. Our preliminary results suggest
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that Infrascanner is worthy of further investigation as a poten-
tial tool to decrease the CT scan rate in children with MHI.

Acknowledgments The authors thank Chiara Stefani, MD, and
Giovanni Dei Tos, Medical Student for their contribution in patients’
enrolment and data collection. The authors thank Davide Pilotto and
Gilberto Bottaro, from SEDA S.p.A., for training the study operators
and for the assistance provided with the study device.

Conflict of interest statements The authors have no conflicts of inter-
est to disclose. The authors have not received any financial support, salary
or other personal benefits by SEDA S.p.A. for the present study and do
not hold stock in the company. The Infrascanner devices and necessary
equipment were provided free-of-charge by the distributor, SEDA S.p.A,
for the purpose of this study.

Contributorship SB conceived the idea of the study, searched the
literature, interpreted the final results and drafted the manuscript. MD,
FM, DD and FM substantially contributed to the study design, data
collection and drafting of the manuscript. IPS substantially contributed
by reviewing the literature, interpreting final results and critically
reviewing the manuscript. LDD substantially contributed to the concep-
tion and design of the study, supervised study conduct, contributed to
interpretation of final results and critically reviewed the manuscript.

References

1. Brenner DJ, Hall EJ (2007) Computed tomography—an increasing
source of radiation exposure. N Engl J Med 357:2277–2284

2. Bressan S, Romanato S, Mion T, Zanconato S, Da Dalt L (2012)
Implementation of adapted PECARN decision rule for children with
minor head injury in the pediatric emergency department. Acad
Emerg Med 19:801–807

3. Coskun F, Sezer EA, Karamercan MA, Akinci E, Vural K (2010) An
assessment on the use of infrascanner for the diagnosis of the brain
hematoma using support vector machine. Scientific Research and
Essays 5:1911–1915

4. Cravero JP, Blike GT, Beach M et al (2006) Incidence and nature of
adverse events during pediatric sedation/anesthesia for procedures
outside the operating room: report from the Pediatric Sedation
Research Consortium. Pediatrics 118:1087–1096

5. Da Dalt L, Marchi AG, Laudizi L et al (2006) Predictors of intracra-
nial injuries in children after blunt head trauma. Eur J Pediatr 165:
142–148

6. Dunning J, Daly JP, Lomas JP, Lecky F, Batchelor J, Mackway-Jones
K (2006) Derivation of the children’s head injury algorithm for the
prediction of important clinical events decision rule for head injury in
children. Arch Dis Child 91:885–891

7. Faul M, Xu L, Wald MW, Coronado VG (2010) Traumatic brain
injury in the United States—emergency department visits, hospitali-
zations and deaths 2002–2006. USDepartment of Health and Human
Services; Center for Disease Control and Prevention. National Center
for Injury Prevention and Control.

8. Francis SV, Ravindran G, Visvanathan K, Ganapathy K (2005)
Screening for unilateral intracranial abnormalities using near infrared
spectroscopy: a preliminary report. J Clin Neurosci 12:291–295

9. Ghalenoui H, Saidi H, Azar M, Yahyavi ST, Borghei Razavi H,
Khalatbari M (2008) Near-infrared laser spectroscopy as a screening
tool for detecting hematoma in patients with head trauma. Prehosp
Disaster Med 23:558–561

10. Gopinath SP, Robertson CS, Contant CF, Narayan RK, Grossman
RG, Chance B (1995) Early detection of delayed traumatic intracra-
nial hematomas using near-infrared spectroscopy. J Neurosurg 83:
438–444

11. Gopinath SP, Robertson CS, Grossman RG, Chance B (1993) Near-
infrared spectroscopic localization of intracranial hematomas. J
Neurosurg 79:43–47

12. Kahraman S, Kayali H, Atabey C, Acar F, Gocmen S (2006) The
accuracy of near-infrared spectroscopy in detection of subdural and
epidural hematomas. J Trauma 61:1480–1483

13. Kessel B, Jeroukhimov I, Ashkenazi I et al (2007) Early detection of
life-threatening intracranial haemorrhage using a portable near-
infrared spectroscopy device. Injury 38:1065–1068

14. Kuppermann N, Holmes JF, Dayan PS et al (2009) Identification
of children at very low risk of clinically-important brain injuries
after head trauma: a prospective cohort study. Lancet 374:1160–
1170

15. Leon-Carrion J, Dominguez-Roldan JM, Leon-Dominguez U,
Murillo-Cabezas F (2010) The Infrascanner, a handheld device for
screening in situ for the presence of brain haematomas. Brain Inj 24:
1193–1201

16. Lyttle MD, Crowe L, Oakley E, Dunning J, Babl FE (2012)
Comparing CATCH, CHALICE and PECARN clinical decision
rules for paediatric head injuries. Emerg Med J 29:785–794

17. Malviya S, Voepel-Lewis T, Eldevik OP, Rockwell DT, Wong JH,
Tait AR (2000) Sedation and general anaesthesia in children under-
going MRI and CT: adverse events and outcomes. Br J Anaesth 84:
743–748

18. Mathews JD, Forsythe AV, Brady Z et al (2013) Cancer risk in 680
000 people exposed to computed tomography scans in childhood or
adolescence: data linkage study of 11 million Australians. BMJ 346:
f2360

19. McKinlay A, Grace RC, Horwood LJ, Fergusson DM, Ridder EM,
MacFarlane MR (2008) Prevalence of traumatic brain injury among
children, adolescents and young adults: prospective evidence from a
birth cohort. Brain Inj 22:175–181

20. Pandor A, Goodacre S, Harnan S et al (2011) Diagnostic manage-
ment strategies for adults and children with minor head injury: a
systematic review and an economic evaluation. Health Technol
Assess 15:1–202

21. Pearce MS, Salotti JA, Little MP et al (2012) Radiation exposure
from CT scans in childhood and subsequent risk of leukaemia
and brain tumours: a retrospective cohort study. Lancet 380:499–
505

22. Osmond MH, Klassen TP, Wells GA et al (2010) CATCH: a clinical
decision rule for the use of computed tomography in children with
minor head injury. CMAJ 182:341–348

23. Robertson CS, Gopinath S, Chance B (1997) Use of near infrared
spectroscopy to identify traumatic intracranial hemotomas. J Biomed
Opt 2:31–41

24. Robertson CS, Zager EL, Narayan RK et al (2010) Clinical evalua-
tion of a portable near-infrared device for detection of traumatic
intracranial hematomas. J Neurotrauma 27:1597–1604, 25

25. Salonia R, Bell MJ, Kochanek PM, Berger RP (2012) The utility of
near infrared spectroscopy in detecting intracranial hemorrhage in
children. J Neurotrauma 29:1047–1053

26. Strangman G, Boas DA, Sutton JP (2002) Non-invasive neuroimag-
ing using near-infrared light. Biological psychiatry 52:679–693

Childs Nerv Syst


	The...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Study design and setting
	Inclusion and exclusion criteria
	Definitions
	Study outcomes
	Clinical evaluation and management
	Data collection and study procedures
	NIRS device and examination procedures
	Statistical analysis
	Ethics approval

	Results
	Population characteristics
	Feasibility
	Potential usefulness in reducing CT scans

	Discussion
	Conclusions
	References


