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Abstract

A prospective case-control study was conducted in a tertiary care pediatric intensive care unit (PICU) to evaluate
the use of near infrared spectroscopy (NIRS) for the detection of intracranial hemorrhage (ICH) in children.
Subjects 0–14 years of age who had a computed tomography (CT) scan of the head performed as part of clinical
care were eligible for enrollment. The children were stratified into two groups based on whether the CT was
normal or abnormal. Children in the abnormal imaging cohort were further divided into those with ICH and
those with other abnormalities of the brain parenchyma (contusions, diffuse axonal injury [DAI], or cerebral
edema) or fractures. NIRS measurements were performed on all subjects within 24 h of head CT. The NIRS
operator was blinded to the presence or absence of ICH. NIRS measurements were performed in eight different
scalp locations (four bilaterally). A total of 103 measurements were made. The optical density (OD) was auto-
matically calculated by comparing the reflected and diffused optical signal. A DOD > 0.2 between hemispheres in
any scalp location was considered abnormal. NIRS was performed in a total of 28 subjects: 7 had normal imaging
and 21 had abnormal imaging. Of those with abnormal imaging, 12 had ICH. The sensitivity and specificity of
NIRS at detecting ICH was 1.0 and 0.8, respectively. The positive and negative predictive values were 0.8 and
1.0, respectively. In conclusion, NIRS correctly identified all cases of ICH in this pilot study. Our preliminary
results suggest that NIRS may be beneficial in the evaluation of a child with possible ICH.
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Introduction

Head injuries are a common reason for emergency de-
partment (ED) visits and hospital admissions in chil-

dren. In the United States, childhood blunt head trauma
accounts for *650,000 ED visits, 50,000 hospitalizations, and
3000 deaths annually (Centers for Disease Control and Pre-
vention, 2000,2002). Traumatic brain injury (TBI) from these
insults, either accidental or inflicted, accounts for more than
70% of fatal childhood injuries. Evaluation and assessment of
children in the ED can be difficult, and brain injuries that are
subtle or without external signs of trauma can go undetected.
Rapid triage and assessment of victims of suspected TBI is
crucial to determine if underlying brain injury exists, and to
further prevent secondary neurologic injury that could in-
crease overall morbidity and mortality.

For infant/children victims of closed head injury (blunt
head trauma or abusive head trauma [AHT]), there are com-
pelling reasons to develop a sensitive tool to detect intracra-

nial hemorrhage (ICH). In this population, the history
provided by the caretaker may be unreliable and the patients
are generally non-verbal. The neurological examination is
limited and the Glasgow Coma Scale (GCS) score (the most
widely used objective measure of mental status in TBI) has not
been validated. No single physical sign reliably indicates the
presence of an ICH, and focal neurological findings are found
in only a fraction of patients with surgical hematomas
(Greenes and Schutzman, 1999; Schutzman et al, 2001). Ty-
pical presentations of infants and young children with ICH
are non-specific and include fussiness, vomiting, seizures,
lethargy, and poor feeding. A unilateral dilated pupil is the
most reliable lateralizing sign when it occurs in a child with a
hematoma. However, the presence of this finding does not
clearly identify the presence of a surgical hematoma and is
often a late finding signaling herniation (Chestnut et al., 1994).
Computed tomography (CT) is the gold standard for identi-
fication and localization of intracranial pathology in trauma
victims, and ICH is a common CT finding in this setting. Early
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detection of ICH can improve triage and allow earlier insti-
tution of central nervous system (CNS)-directed therapies that
can minimize secondary brain injury and improve outcome.
Moreover, missed diagnoses of ICH can have catastrophic
consequences. Unfortunately, CT scans represent an imaging
modality that is not without risk.

The frequency and use of CT has increased dramatically in
the past decade. Coren and associates (1998) reported a 63%
increase in requests for pediatric CT scans from 1991–1994 in
the U.S., and in the decade from 1995–2005 CT use more than
doubled (Kupperman et al., 2009). Brenner and colleagues
(2001) reported that roughly 600,000 abdomen and head CT
studies are performed annually in children < 15 years of age in
the U.S., and that of these individuals, *500 will die from a
radiation-related malignancy. In order to minimize radiation
exposure while not missing cases of ICH, Kupperman and co-
workers (2009) validated a prediction rule to help identify
children at low risk of clinically-important TBI.

Thus, research has focused on non-radiation-based meth-
ods of detection of ICH, including ultrasound (Veyrac et al.,
1990), biomarkers (Hergenroeder et al., 2008; Kochanek et al.,
2008), clinical decision rules (Kupperman et al., 2009; Osmond
et al., 2010), and near infrared spectroscopy (NIRS). Ultra-
sound is a useful modality to diagnose intraventricular
hemorrhage (IVH) in infants when the anterior fontanelle is
still open, but it loses its utility in older infants and children.
Biomarkers such as S100b and neuron-specific enolase (NSE)
have been identified, and are increased in the serum and ce-
rebrospinal fluid (CSF) of pediatric patients after TBI (Berger
et al., 2002,2009; Haqqani et al., 2007; Shore et al., 2007), but
these biomarkers have not made it into the clinical arena yet.
NIRS is a technique that affords the clinician the opportunity
to rapidly assess a patient for the presence of ICH. Of potential
relevance, NIRS technology, if shown to be useful, represents
a painless, portable, and radiation-free tool.

The principle used in identifying ICH with NIRS is that
extravascular blood absorbs NIR light more than intravas-
cular blood, since there is a greater (usually 10-fold) concen-
tration of heme-based proteins such as hemoglobin in the
acute hematoma than in the brain tissue, where blood is
contained within vessels. Acute hematomas or hemorrhages
thus lead to changes in the optical density (OD) of infrared
light absorption versus normal brain in the contralateral
hemisphere. Consequently, ICH can then be detected by the
difference in optical density, DOD.

In adults, NIRS technology can diagnose ICH on presen-
tation, as well as late hematomas that develop (Francis et al.,
2005; Gopinath et al., 1993,1995; Kahraman et al., 2006;
Robertson et al., 1995,1997; Zang et al., 2000). Although the
type of hematoma (subdural [SDH] versus epidural [EDH])
cannot be determined, the presence of any hematoma would
be useful to triage a patient for CT scanning.

The prior adult data (Francis et al., 2005; Gopinath et al.,
1993,1995; Kahraman et al., 2006; Robertson et al., 1995,1997;
Zang et al., 2000) suggest that this goal is feasible with NIRS.
In initial studies, the sensitivity for identification of traumatic
extracerebral (EDH and SDH), and intracerebral hematomas,
was 100% and 98%, respectively (Gopinath et al., 1993). An-
other study showed that the DOD was highly predictive of
findings on head CT, specifically for SDH, EDH, and intra-
cerebral hematomas, and that the DOD occurred prior to in-
creases in intracranial pressure (ICP) or changes in the

neurologic examination (Robertson et al., 1997). Robertson
and associates (2010) also reported a sensitivity of 68.7% and a
specificity of 90.7% in detecting ICH, and supported the po-
tential utility of NIRS in TBI triage.

This is the first study to evaluate the feasibility of using
NIRS in the pediatric population, and to describe the sensi-
tivity and specificity of NIRS for identifying ICH exclusively
in children. We hypothesized that NIRS would be successful
in discriminating between children with and without ICH as
diagnosed on head CT.

Methods

This study was approved by the University of Pittsburgh
Institutional Review Board (IRB), and consent was obtained
from the parents of all children enrolled, and assent was also
obtained from capable study subjects. Children 0–14 years of
age who were admitted to the pediatric intensive care unit
(PICU) and had received a head CT scan as part of their
routine clinical care were eligible for inclusion in this study.
Exclusion criteria included known pre-existing abnormalities
on previous imaging studies, presence of internalized CSF
diversion devices that might unblind the investigator to ab-
normalities (e.g., ventriculo-peritoneal shunt), or skin abnor-
malities that would limit the ability of the NIRS device to
contact the skin (e.g., open lacerations).

Demographic data were collected, including age, sex, race,
hair color, past medical history, reason for head CT scan,
mechanism of injury if any (e.g., fall or motor vehicle acci-
dent), physical examination findings, and results of head CT
scan. Information about hair color was collected since darker
hair color may be associated with alterations in light absorp-
tion and may affect NIRS results. Prior to NIRS determina-
tions, children were stratified into two groups based on CT
findings: normal and abnormal. Since the IRB required dif-
ferent consent forms for children with normal and abnormal
neuroimaging, and the person obtaining consent was the
same as the person performing the NIRS, the operator of the
NIRS device knew whether the subject had a normal or ab-
normal head CT, but was blinded to the nature of the ab-
normality identified on CT. Children with abnormal imaging
were further divided into two groups: (1) those with abnor-
malities within the brain parenchyma (contusions, diffuse
axonal injury, or cerebral edema) or skull fractures; and (2)
those with extra-axial collections of blood, defined as blood
within the skull but outside the brain. For this study, ICH was
defined as hemorrhage within the epidural (EDH), subdural
(SDH), or subarachnoid (SAH) space exclusively. Children
with punctate hemorrhages (more consistent with DAI) were
not considered to have ICH for this study. All CT scan results
were obtained from the dictated report from the attending
pediatric neuroradiologist uninvolved with this study.

Near-infrared spectroscopy data processing
and data collection

A commercially-available NIRS device was used based on
the manufacturer’s instructions (InfraScan, Philadelphia, PA).
This device included a sensor and mobile computing platform
for data collection and processing. The sensor included a safe
Class I near-infrared diode laser, optically coupled to the
patient’s head through two disposable light guides. This al-
lows for adequate sensor contact in areas with and without
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hair. The sensors were placed 4 cm apart with one acting as a
light source and the other as a detector of absorbance. The
light source uses a 760-nm wavelength, and the detector was
covered by a band-pass filter around this wavelength to
minimize background light interference. Acquired signals
from the detector were digitized and transmitted by a wireless
link to the mobile computing platform.

For this study, four regions of the brain were examined
bilaterally (frontal, temporal, parietal, and occipital; Fig. 1).
Absorbance of light was measured and the device determined
the OD within the various regions, and DOD of the various
regions was electronically calculated using the following
formula:

DOD¼ log10

�
IN

IH

�

In this formula, IN is the intensity of reflected light on the
presumed normal side, and IH is the intensity of reflected light
on the presumed abnormal side. Based on previous studies
(Robertson et al., 1997), a DOD > 0.2 was considered abnormal
for this study. Negative DOD values were reported with right-
sided abnormalities; positive DOD values represented left-
sided abnormalities.

NIRS measurements were performed on all children in the
eight previously described locations within 24 h of imaging,
and abnormal DOD values were confirmed a second time. In
subjects with abnormal CT scans, data were collected on the
results of the imaging study (type of abnormality, presence or
absence of ICH, size of ICH, depth of ICH from scalp, type of
hemorrhage [SDH, EDH, or SAH], or intraparenchymal
hemorrhage), the location of the hemorrhages, and the pres-
ence or absence of scalp swelling.

Statistical analysis

The sensitivity (proportion of ICH correctly identified as
such), specificity (proportion of non-ICH correctly identified),
positive predictive value (PPV, the probability that a positive
test is a true positive), and negative predictive values (NPV,
probability that a negative test is a true negative) of NIRS for
predicting ICH as detected on head CT was calculated using
SPSS version 15.0 (SPSS Inc,. Chicago, IL). All data are pre-
sented as mean – standard error of the mean (SEM) unless
otherwise specified.

Results

Patient enrollment and demographics

Demographics and diagnoses of the subjects are summa-
rized in Table 1. A total of 29 subjects were originally enrolled
in the study; 1 child was excluded when the parents refused
NIRS testing, leaving a study population of 28 children.
Within this population, 15 children received CT scans for non-
traumatic medical conditions, and 13 underwent head CT
scans for concerns about traumatic intracranial injury.

The mean age was 2.6 – 0.86 years, with a range of 1 day
to 14 years. The CT scan was abnormal in 21 children (75%)
and normal in 7 children (25%). Twelve of the 21 children with
an abnormal head CT scan had an ICH, while 16 did not
(Table 2). Of the 12 children with ICH, 4 for had isolated acute
SDH, 3 had acute and chronic SDH, 1 had an EDH, and 1 had
an SAH (Table 3). An additional 9 subjects had abnormal CT
findings without ICH (agenesis of the corpus callosum, bi-
lateral chronic fluid collections, posterior fossa cyst, cerebral
edema, bilateral frontal contusions, empyema, fracture, cere-
bral infarction, and subgaleal hematoma; Table 4).

Near-infrared spectroscopy measurements
and relationship to intracranial hemorrhage

The time needed to complete all NIRS measurements in the
accessible scalp locations was no more than 15 min for any
subject. All eight NIRS regions were successfully assessed in
22 of 28 (79%) subjects. In the remaining subjects, the occipital
(n = 6), and/or parietal (n = 2) regions were unable to be as-
sessed due to the presence of cervical collars or wound
dressings. A plurality of subjects (11/28, 39%) were me-
chanically ventilated and sedated at the time of NIRS testing.
Of those children not requiring mechanical ventilation, in-
fants were assessed either at the bedside with the child asleep
in bed or while a caregiver/nurse held the child. Older chil-
dren ( > 4 years) were able to tolerate the performance of
measurements after simple explanation and instruction and
did not require any additional interventions.

Of the 12 children with ICH, all subjects demonstrated
at least 1 abnormal NIRS measurement at the time of test-
ing (1.7 sites – 0.8 site; Table 3). Figure 2 illustrates an example
of one of these children. In the 9 children with an abnormal
CT scan but without ICH, 2 had at least 1 abnormal NIRS
measurement at the time of testing; these were considered

FIG. 1. Scalp locations for near infrared spectroscope placement (F, frontal; P, parietal; T, temporal; O, occipital).
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false-positives. In each case the abnormal NIRS measurement
was at the site of the abnormality: a subgaleal hematoma in
one case and a cerebral infarction in the other. In the 7 children
with a normal CT scan, 6 (86%) had normal NIRS measure-
ments at all sites; 1 had abnormal NIRS measurements, and
this was most likely due to technical difficulty in performing
the measurements due to patient movement, or other con-
founding effects resulting in a false-positive result.

The sensitivity, specificity, and positive and negative pre-
dictive values of the NIRS device relative to ICH detection
were calculated. The sensitivity and specificity of NIRS were
1.0 and 0.8, respectively. The positive and negative predictive
values were 0.8 and 1.0, respectively.

Discussion

This is the first study to evaluate the use of NIRS to detect
ICH in children. The results of this exploratory study suggest
that this technique is feasible and has potential utility as a
screening tool in a clinical setting to detect ICH without im-
posing any additional risks to the patient.

Clinical studies have recognized the importance of early
identification of causes of brain injury (i.e., delayed hemato-
mas, hypoxia, and ischemia) in an effort to prevent secondary
brain injury and improve neurological outcome. Moreover,
successfully detecting occult ICH in victims of child abuse
with a device that constitutes no risk to the subject is an ex-
tremely attractive addition to the armamentarium of the
bedside clinician, not to be used as a diagnostic tool, but rather
as a device that might detect brain injury as a cause of pre-
senting symptoms. With such a device, children with non-
specific symptoms or signs and a normal GCS could subse-
quently be screened in the ED setting for any suggestion of
ICH. Then appropriate secondary testing with CT scans or
other imaging modalities could confirm the initial findings.

NIRS technology offers many benefits to the bedside cli-
nician. It is a portable painless bedside tool that can be gently
applied to the scalp to quickly perform measurements. The
device itself can perform readings on all eight scalp locations
in 3–5 min under ideal circumstances. A more realistic time
requirement when performing measurements on infants and
children is 8–10 min, accounting for the varying levels of

Table 1. Demographic and Clinical Characteristics of the Study Population

Subject Age (years) Gender Hair color CT indication CT ICH

1 14 M Black DKA; mental status Abnormal N
2 1.4 M Black Ataxia/ fever Abnormal N
3 11 M Brown Trauma Abnormal Y
4 8 M Black Trauma Normal N
5 0.4 F Blonde Trauma Abnormal Y
6 4 F Blonde New seizure Normal N
7 13 M Brown Trauma Abnormal N
8 0.04 F Scant Fever; r/o meningitis Normal N
9 0.1 M Black Infection Normal N

10 0.3 M Blonde New seizures Abnormal N
11 2 M Brown MVA Abnormal Y
12 0.1 M Black r/o meningitis Abnormal N
13 0.003 M Blonde Fall from bed Abnormal N
14 1.3 M Black Trauma Abnormal N
15 0.1 F Blonde Infection Normal N
16 1.2 M Blonde Seizure Normal N
17 0.6 F Black Drowning Normal N
18 Excluded
19 1.9 F Brown AHT; lethargy Abnormal N
20 0.2 M Black Seizures; vomiting Abnormal Y
21 0.1 M Scant Trauma Abnormal Y
22 0.1 M Brown HDN Abnormal Y
23 0.2 M Blonde Irritability; L arm fracture Abnormal Y
24 0.1 M Brown Trauma Abnormal Y
25 2 F Brown Severe closed head injury Abnormal Y
26 0.2 M Scant Found unresponsive Abnormal Y
27 14 M Brown Infection Abnormal N
28 0.3 M Black Found limp/apneic Abnormal Y
29 0.3 F Blonde BB gun injury to head Abnormal Y

DKA, diabetic ketoacidosis; MVA, motor vehicle accident; AHT, abusive head trauma; HDN, hemorrhagic disease of the newborn; L, left;
Y, yes; N, no; r/o, rule out.

Table 2. Demographics of the Study Population

ICH (n = 12) No ICH (n = 16)

Age range (years) 0.08–13 0.003–14
(median) (0.25) (1.16)
(Interquartile range) (0.153,2) (0.12,3.475)

Gender (% male) 77 63
Race (% Caucasian) 85 63
Hair color (%) Black 17 Black 47

Brown 41 Brown 18
Blonde 25 Blonde 29
Scant 17 Scant 6

ICH, intracranial hemorrhage.
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cooperation of children due to their short attention span, as-
sociated movements, and the need to repeat measurements.

Another attractive feature of the NIRS device is its appli-
cability to two different clinical settings: the ED with a clini-
cally stable patient or in the PICU with a critically ill patient.
Measurements on subjects in our study were frequently per-
formed on sleeping infants and children while lying in their
parents’ arms or in a crib/bed with minimal disruption to
their sleep. Measurements were also carefully and success-
fully obtained by a trained operator on critically ill subjects in
the PICU who were mechanically ventilated and sedated,
with different obstacles to overcome with regard to NIRS
placement, such as electroencephalogram (EEG) leads present
on the scalp, and intracranial monitoring devices present,
including external ventricular drains, used to both measure

ICP and drain CSF when needed. Another potential benefit of
utilizing NIRS in the PICU population might be the early
detection of a new bleed, although that was not the aim of this
study.

Although this study provides promising initial data re-
garding the use of NIRS in children, there are several limita-
tions to the study and to the NIRS device itself. First, the
presence of bilateral ICH would limit the utility of NIRS, since
the technique relies on comparison of light absorption be-
tween the hemispheres. In AHT, interhemispheric SDH oc-
curs more commonly (Ewing-Cobbs et al., 2000), and that
might limit its application in this patient population. The
purpose of utilizing NIRS technology is not to use it in iso-
lation for the detection of occult head injuries, but rather to
incorporate it into a battery of tools used in the detection of

Table 3. Type of Intracranial Hemorrhage (ICH), Location, and Corresponding DOD in Subjects with ICH

Subject Age (years) Gender Type of ICH Location DOD

3 11 M EDH L temporal 0.25 (T)
5 0.4 F SDH, acute R 0.22 (T)
11 2 M SDH, acute Along falx - 0.73 (T)

- 1.37 (O)
20 0.2 M SDH, acute/chronic R temporoparietal - 0.23 (T)

- 1.68 (P)
21 0.1 M SAH L frontotemporal 0.44 (F)

0.45 (T)
22 0.1 M SDH, acute R frontal - 0.75 (F)
23 0.2 M SAH L frontoparietal 0.34 (F)

0.84 (P)
24 0.1 M SDH/SAH R temporoparietal - 0.6 (P)

- 0.23 (O)
25 2 F SDH, acute L frontal, R diffuse - 0.96 (T)
26 0.2 M SDH, acute/chronic, SAH L frontotemporoparietal 0.67 (F)

1.66 (T)
1.01 (P)

28 0.3 M SDH, acute/chronic R posterior, along falx 0.6 (P)
29 0.3 F SDH, acute L temporal 0.24 (T)

Negative value denotes right-sided lesions.
EDH, epidural hematoma; SDH, subdural hematoma; SAH, subarachnoid hemorrhage; R, right; L, left; F, frontal; T, temporal; P, parietal;

O, occipital; OD, optical density.

Table 4. Type of Non-Intracranial Hemorrhage (ICH) Head CT
Abnormalities, Corresponding Locations, and DOD

Subject Age (years) Gender Abnormal CT finding Location DOD

1 14 M Cerebral edema Diffuse All £ 0.17
2 1.4 M Posterior fossa cyst Bilateral occipital All £ 0.15
7 13 M Bilateral contusions Frontal All £ 0.07
10 0.3 M Chronic subdural collections Bilateral frontal All £ 0.07
12 0.1 M Agenesis of corpus callosum N/A All £ 0.11
13 0.003 M Skull fracture R occipital All £ 0.15
14 1.3 M Skull fracture; subgaleal hematoma Parietal; frontal - 0.28 (RF)

O: omitted
19 1.9 F Skull fracture; infarct R occipital; Large, left infarct - 0.47 (RF)

- 0.49 (RT)
- 0.34 (RP)
0.09

27 14 M Subdural empyema L frontal All £ 0.13

DOD ‡ 0.2 is abnormal.
Negative values denote right-sided abnormalities.
All = frontal, parietal, temporal, and occipital; R, right; L, left; F, frontal; T, temporal; P, parietal; O, occipital; N/A, not applicable.
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brain injury, including biomarkers, clinical decision rules, and
other imaging modalities. Second, the depth of the ICH may
be a limiting factor. Gopinath and colleagues (1993) demon-
strated that intracranial hematomas absorb light less intensely
than extracranial hematomas. Our data set is too small to
know if this represents an important limitation. Third, the
utility of NIRS in detecting subacute or chronic ICH could not
be tested given our limited sample size and narrow time
window to perform NIRS measurements (24 h). NIRS may be
less effective when hemoglobin is undergoing degradation in
the subacute or chronic setting, a strong possibility in the
context of AHT. One subject in our study was diagnosed with
bilateral chronic subdural collections on head CT. These were
subsequently identified as chronic subdural hemorrhages on
MRI. NIRS was negative in this case; this suggests that NIRS
may have one of the same limitations as head CT: the inability
to identify chronic hemorrhage. Fourth, scalp hematomas can
result in false-positive NIRS measurements, as occurred in our
single subject with a subgaleal hematoma. NIRS data must be
interpreted with caution in patients with more superficial
injuries (i.e., scalp hematomas), and must be validated with
the gold standard, head CT, for the detection of ICH. Fifth,
approximately 20% of our patient population had scalp lo-
cations that could not be examined with the NIRS device due
to the presence of cervical collars limiting manipulation of the
head, which is needed to obtain the measurements. In no case,
however, did this result in a false-negative result. We had
technical difficulty in performing NIRS on one subject, and
this may have been related to patient movement or other
possible confounding effects resulting in a false-positive re-
sult. This limitation may be more important in the ED setting
with children who are less critically ill and therefore more
likely to be moving. Lastly, NIRS technology is designed for
the detection of acute ICH in eight scalp locations based on
DOD values. It does not provide any further information that
would direct medical versus surgical management of ICH
(i.e., presence or absence of midline shift, impending hernia-
tion, or size of the ICH). Normal NIRS measurements would
also not eliminate the possibility of severe brain injury with-
out ICH (i.e., DAI).

Our study was limited by the small sample size, by the fact
that all NIRS measurements were performed by a single op-
erator in a single institution, and by the fact that the NIRS
operator was not completely blinded to CT results. Perform-

ing NIRS measurements prior to head CT would eliminate
any bias in obtaining NIRS measurements.

We conclude that NIRS measurements predicted the pres-
ence of ICH in the majority of patients with CT images
identifying ICH. These exploratory results suggest that NIRS
may be a beneficial adjunct in the rapid evaluation of an infant
or child with suspected TBI in an emergent setting when CT
imaging may not be imminently available, or as a screening
tool to guide further clinical management. Normal NIRS
measurements, however, cannot rule out the possibility of TBI
from AHT or other causes, since diffuse brain injury and other
forms of TBI without a contusion or hemorrhage are well
described. The importance of developing alternate methods to
head CT to rapidly assess infants and children with suspected
intracranial pathology in the clinical setting and to guide
clinical decision-making is of utmost importance, and needs
to be a focus of further pediatric research.
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