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Is near-infrared spectroscopy a promising predictor for
early intracranial hemorrhage diagnosis in the
Emergency Department?
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Abstract

Intracranial hemorrhage (ICH) is a serious medical condition that can lead to significant morbidity and mortality if not diagnosed
and treated promptly. Early detection and treatment are essential for improving the outcome in patients with ICH. Near-infrared
spectroscopy (NIRS) is a non-invasive imaging technique that has been used to detect changes in brain tissue oxygenation and
blood flow in various conditions. The aim of this study was to investigate the predictive potential of NIRS for early diagnosis of
ICH in patients presenting to the Emergency Department (ED) triage with headache. A total of 378 patients were included in the
study. According to the final diagnosis of the patients, 4 groups were formed: migraine, tension-cluster headache, intracranial
hemorrhage and intracranial mass, and control group. Cerebral NIRS values “rSO,” were measured at the first professional
medical contact with the patient. The right and left rSO, (RrSO,, LrSO,) were significantly lower and the rSO, difference was
significantly higher in the intracranial hemorrhage group compared to all other patient groups (P <0.001). The cut-off values
determined in the receiver operating characteristics (ROC) analysis were RrSO, <67, LrSO, <67, and ArSO, >9. This study
found that a difference of more than 9 in cerebral right-left NIRS values can be a non-invasive, easy-to-administer, rapid, and
reliable diagnostic test for early detection of intracranial bleeding. NIRS holds promise as an objective method in ED triage
for patients with intracranial hemorrhage. However, further research is needed to fully understand the potential benefits and

limitations of this method.
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Introduction

The increasing number of patients in emergency
departments (EDs) has led to the need for new and effective
methods to quickly and accurately identify critically ill patients
during first examination (1,2). Emergency physicians and
nurses typically use vital signs to differentiate critical patients
from others and assign triage categories (Red, Yellow,
Green), directing patients with abnormal vital signs to areas
where they can receive faster intervention. However, for
some complaints, such as headaches, there is a need for
accessible and objective parameters that can be used in
addition to vital signs. Headache is among the most
important complaints, accounting for 0.54.5% of all ED
visits (3). Most headache cases present to the ED with
primary headaches, and approximately half are diagnosed
with migraine or other headache types (4). Headaches,
which can occur at almost any age, can be due to vascular
causes such as thrombosis, hemorrhage, or critical diseases
secondary to infections causing neuronal damage without
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any other neurodegenerative symptoms. However, identify-
ing primary headache types according to the International
Headache Society (IHS) criteria during triage is not practical
(5-7). No objective parameters are available to categorize
headaches during prehospital or initial hospital visits other
than consciousness status and vital signs.

Regional cerebral oxygen saturation (rSO,) is a non-
invasive method for measuring cerebral oxygen saturation
at the patient’s bedside, with the advantages of being
precise, instantaneous, and fast. Near-infrared spectros-
copy (NIRS) is based on the principle that near-infrared
light can penetrate tissues and be absorbed by oxyhemo-
globin and deoxyhemoglobin, which forms the basis of
regional cerebral oxygen saturation measurement. Cere-
bral oximeters in this device provide an average value
related to oxygenation in these compartments (8). In the
past, NIRS has been reported to detect silent periods of
cerebral ischemia and intracranial bleeding and may play
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an important role in preserving brain function (9). Although
the use of NIRS devices has increased in recent years in
anesthesia, neurosurgery, and cardiac surgery intensive
care units, there is currently no routine and practical use in
EDs (10,11).

In this study, we aimed to determine the validity of NIRS
in detecting intracranial bleeding during the first exami-
nation of patients presenting to the ED with headache or
blunt head trauma complaints, using a practical, fast, and
noninvasive measurement method during triage evaluation.

Material and Methods

Study design

This study was a single-center, prospective observa-
tional study. Ethics committee approval for the study was
obtained from the non-interventional clinical research
ethics committee of Izmir Katip Celebi University affiliated
to the hospital (22/12/2022; number 0580).

Settings

The study was conducted at Atatlrk Training and
Research Hospital, which is a tertiary education and
research hospital located in an urban area with a
population of approximately 4,500,000, with approximately
400,000 patients admitted to the ED each year.

Participants

Inclusion criteria. The population of the study con-
sisted of patients aged 18 years and older who presented
to the ED with a headache or blunt head trauma, had
stable vital signs (blood pressure, pulse rate, respiratory
rate, and oxygen saturation), were conscious, fully co-
operative and orientated, had a Glasgow Coma Scale
(GCS) of 15, and were planned to undergo a brain
computed tomography (CT).

Exclusion criteria. Patients under 18 years of age,
pregnant women, patients with unstable vital signs (blood
pressure, pulse rate, respiratory rate, and oxygen satura-
tion), patients with GCS <15, patients with concomitant
amnesia, patients with nausea or vomiting associated with
headache, patients with known intracranial space-occupy-
ing lesions, patients with a history of cranial surgery,
patients with a history of intracranial hemorrhage, patients
with a history of ischemic stroke, and patients with high-
energy trauma were excluded. High-energy traumas can
be classified as either open or closed injuries resulting from
the application of force (such as missiles, traffic accidents,
crushing or blasting injuries, or falls from heights). These
traumas impact the body surface and transmit a signifi-
cant amount of kinetic energy, leading to extensive tissue
damage (12). In addition to the cases in the study, 90
healthy volunteers were included in the control group. No
other procedure other than vital signs and NIRS measure-
ment was performed in the control group.
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Data collection and processing

Written informed consent was obtained from those
who fulfilled the inclusion criteria and agreed to partici-
pate in the study. Demographic characteristics (age
and gender), triage code (green, yellow, red), and vital
signs (blood pressure, pulse rate, respiratory rate, and
oxygen saturation) were recorded on the case data
form. Another investigator carried out the NIRS measure-
ment using a daily calibrated NIRS device (Root with
03 Regional Oximetry, Masimo Corporation, USA) follow-
ing the manufacturer’s recommended practices. Two
adult adhesive sensors (=40 kg) placed on the right
and left frontal regions of the forehead were used for
measurement (13). The difference between the regional
tissue oxygen saturation (rSO;) values measured
at the right and left frontal region and the rSO, values
measured from both sensors was recorded on the
case report form. Patients were divided according to
CT results into groups migraine, tension-cluster head-
ache, intracranial hemorrhage and intracranial mass, and
control.

Outcome measures

rSO, values from the right (RrSO,) and left (LrSO,)
frontal regions were compared and the difference between
the rSO, values from both regions was calculated.

Study size

Since there is no similar study in the literature, the
effect size was used when calculating the sample size.
Considering the effect size of 0.30, the sample size was
determined as 177 with a 95% confidence interval and
a 5% margin of error (G*Power 3.1 package program,
Heinrich-Heine-Universitat Dusseldorf).

However, because we planned to subdivide the
patients in the headache group according to the under-
lying etiology, 378 patients were included in the study:
288 patients in the headache group and 90 patients in the
control group.

Statistical analysis

The data were analyzed using SPSS Statistics version
16 (IBM, USA). Numeric data are reported as numbers,
percentages, and means +SD. The Shapiro-Wilk test
determined whether the data were normally distributed.
A one-way ANOVA test was used for multiple group
comparisons. The Tukey test was used to determine
which group(s) were significantly different in the multiple
group analysis. With the Hosmer and Lemeshow test,
since the P value (sig) was greater than 0.05, the model of
the study was found to be adequate. Receiver operating
characteristics (ROC) analysis was performed to evaluate
the sensitivity and specificity of NIRS. The results are
reported with a 95% confidence interval. P<0.05 was
considered statistically significant.


https://doi.org/10.1590/1414-431X2023e13155

NIRS for early prediction of intracranial hemorrhage

Results

A total of 378 cases were included in the study, 153
(40.5%) male and 225 (59.5%) female. According to age
groups, 21 individuals (5.6%) were between 18-24 years
of age, 222 (58.7%) were between 25-44 years of age,
108 (28.6%) were between 45-64 years of age, and 27
(7.1%) were over 65 years of age. After triage, 18 (4.7%)
cases were assigned a red code, 126 (33.3%) cases a
yellow code, and 234 (62%) cases a green code (Table 1).

In the comparative analysis between groups, statisti-
cally significant differences between the control, head-
ache (tension-type, cluster-type), migraine, intracranial
hemorrhage, and intracranial mass groups were observed
for RrSO, and LrSO,, as well as for the difference
between RrSO, and LrSO, (P<0.001) (Table 2). In the
post hoc analysis, RrSO, and LrSO, were significantly
lower in the intracranial hemorrhage group than in the
control, migraine, headache, and intracranial mass
groups. Additionally, the ArSO, in the intracranial hemor-
rhage group was significantly higher than in all other
patient groups (P <0.001).

A ROC analysis was performed to evaluate the
effectiveness of NIRS analysis in detecting intracranial
hemorrhage. The area under the curve (AUC) for all three
parameters was strong and similar in detecting hemor-
rhage (0.721, 0.782, 0.728) (Figure 1). The cut-off values
determined in the ROC analysis were RrSO, <67, LrSO,
<67, and ArSO, >9, and their sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) are presented in Table 3.

Discussion
This study found that the ArSO, (|RrSO,— LrSO,|)

value was predictive for detecting intracranial hemorrhage
based on primary headache causes. ArSO, can be used

Table 1. Patient sociodemographic characteris-
tics and triage codes.

n (%)

Total number of patients 378 (100)
Gender

Male 153 (40.5%)

Female 225 (59.5%)
Age group

18-24 21 (5.6%)

25-44 222 (58.7%)

45-64 108 (28.6%)

65 and above 27 (7.2%)
Triage code

Red 18 (4.7%)

Yellow 126 (33.3%)

Green 234 (62%)
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Table 2. Mean NIRS values and standard deviations according to
the etiology of headaches of the 5 groups.

Etiology Number Mean SD P
RI’SOQ
Control 90 70 1.9 <0.001
Headache, other 110 69 3.7
Migraine 95 67 3.1
Intracranial hemorrhage 65 61 10.6
Intracranial mass 18 69 2.5
LrSO,
Control 90 69 22 <0.001
Headache, other 110 69 6.1
Migraine 95 69 2.7
Intracranial hemorrhage 65 62 8.9
Intracranial mass 18 69 2.7
ArSO; (|RrSO2-LrSO,|)
Control 90 2.25 1.3 <0.001
Headache, other 110 3.71 2.23
Migraine 95 2.52 1.59
Intracranial hemorrhage 65 6.24 4.38
Intracranial mass 18 3.33 1.41

One-way ANOVA was used for statistical analyses. NIRS: near-
infrared spectroscopy; RrSO, and LrSO,: right and left regional
cerebral oxygen saturation.

as a noninvasive, easy-to-apply, rapid, and, most impor-
tantly, reliable diagnostic test for intracranial hemorrhage
in the ED with 100% specificity and 100% PPV.

NIRS is a method that has been studied by various
clinics for its success in showing cerebral tissue oxygen-
ation and is successful in different intracranial events
(10,11). Although CT and magnetic resonance imaging
are still the gold standard in cases of headache with
suspected brain hemorrhage or infarction according to the
literature, NIRS is used as an auxiliary and monitoring test
between these devices as it provides less information
(14,15). However, there are insufficient studies regarding
its diagnostic value in suspicious intracranial events in
EDs. This study is one of the rare studies evaluating the
use of NIRS in EDs. In this study, contrary to the literature,
we aimed to investigate whether NIRS can be used as an
effective device in the differential diagnosis of headaches
in the ED.

In previous studies, it has been reported that the
normal rSO, range in healthy adult volunteers in room air
is 71.2+ 3.9% (16,17). Although most studies indicate that
the average rSO, value falls within the normal range of
55 to 75%, individual variability has also been emphasized
(18). In our study, the rSO, ratios in the control group of
90 patients were 70 and 69% for the right and left sides,
respectively, indicating that the standardization of our
study is similar to other studies.

Lazaridis et al. (19) have reported that the first 6 h of
intracranial hemorrhage are critical, and rapid diagnosis
and treatment are important to avoid irreversible nerve


https://doi.org/10.1590/1414-431X2023e13155

NIRS for early prediction of intracranial hemorrhage

ROC Curve

Source of the Curve
rSo2 right
rSo2 left
Reference line

Sensitivity

06
1 - Specificity

Diagonal segments are produced by ties.

08

Sensitivity

4/6

ROC Curve
Source of the Curve

ArSo2
- Reference line
o8

06

04

06

00 oz Toa 08 10
1 - Specificity

Diagonal segments are produced by ties.

Figure 1. ROC analysis of sensitivity and specificity for near-infrared spectroscopy (NIRS) values measured at the right and left frontal

region. rSO,: regional cerebral oxygen saturation.

Table 3. ROC analysis of the frontal NIRS values measured from the right and left and the sensitivity and
specificity for the difference in values (ArSO,) between them.

AUC Sensitivity Specificity PPV NPV P
RrSO, <67 0.721 62% 1% 57 75 0.002
LrSO, <67 0.782 71% 79% 67 81 <0.001
ArSO, >9 0.728 23% 100% 100 68 <0.001

NIRS: near-infrared spectroscopy; RrSO, and LrSO,: right and left regional cerebral oxygen saturation;
AUC: area under the curve; PPV: positive predictive value; NPV: negative predictive value.

damage. In this regard, procedures performed in EDs
come to the fore. Based on the results of our study, we
believe that NIRS measurements at the initial contact with
patients presenting in the ED with headache complaints
are valuable for excluding intracranial hemorrhage.

In a study conducted by Hennes et al. (16) with 212
cases, signal changes were detected in 181 patients in
NIRS evaluation performed before CT. Its sensitivity and
specificity were found to be 0.96 and 0.29, respectively.
Another similar study showed that NIRS values in
traumatic brain injury cases in the ED are a good indicator
for making operative decisions (20). Our study supports
our hypothesis that there is a significant signal change in
NIRS parameters measured at triage and/or examination
areas in patients presenting with headaches compared to
other forms of presentation for intracranial hemorrhage.

According to the ROC analysis, rSO, <67 had a
predictive value for bleeding (sensitivity 62—71%, specifi-
city 71-79%). However, it can be seen that ArSO, >9is a
stronger indication for intracranial hemorrhage (sensitivity
23%, specificity 100%). However, ArSO, values less than
nine do not rule out intracranial hemorrhage. The ArSO,
value has not been studied thoroughly in previous
research. This study is the first to identify a parameter
that can detect intracranial hemorrhage at the initial
presentation in the ED.
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This study demonstrated that NIRS can predict the
presence of intracranial bleeding with high accuracy and
is more sensitive than traditional methods for early
detection. Previous studies have also shown that NIRS
can predict intracranial bleeding in head trauma patients
(20-22). In our study, we observed stimulatory and sen-
sitive signs in intracranial bleeding patients. At the same
time, no significant differences were found in NIRS values
among patients with isolated headache, migraine, and
intracranial mass groups.

Some studies have reported reduced blood oxygen-
ation levels and altered cerebral blood flow patterns in
certain brain regions during migraine attacks compared to
periods without headaches (23,24). In contrast, our study
did not find any statistical differences in rSO, values
among patients with a previous diagnosis of migraine who
presented to the ED with a migraine attack, or in the
control group and in patients with tension-type headache
and intracranial masses.

Intracranial masses are one of the causes of head-
ache. Studies report that huge masses that increase
intracranial pressure change NIRS values (25-27). NIRS
gives an idea about the size of the mass and the surgical
decision in such cases. In this study, the NIRS values of
the patients who presented with headaches and were
found to have incidental intracranial mass were not at
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levels alerting the emergency physician; they gave similar
results as the migraine, headache, and control groups.
This situation is related to the incidental detection of the
mass and, therefore, the size of the mass.

Limitations

The first limitation of this study is that it was a single
center study. In addition, the information on diagnosis and
bleeding localization (right, left, or bilateral) was not
described in detail. In future studies, exact right and left
rSO, measurements and measurement of the bleeding
area may give more precise results.

Different statistical models may provide more sensitive
and specific results and thus strengthen the justification
for the use of NIRS.
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Conclusion

This study found that a difference of more than 9 in
cerebral right-left NIRS values can be a noninvasive,
easy-to-administer, rapid, and reliable diagnostic test for
early detection of intracranial bleeding. NIRS is a
promising objective method in ED triage of patients with
intracranial hemorrhage. However, further research is
needed to fully understand its potential benefits and
limitations.
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