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1.

Zhang et al. (2013). Non-invasive Measurement of Haemodynamic Changes with a Multiwavelength NIRS System

Abstract: Near Infrared Spectroscopy (NIRS) can be employed to monitor noninvasively, continuously and
timely local changes in haemodynamics and oxygenation of human tissues. The study of spatial variations of
tissue oxygenation, speciﬁcally: oxy-haemoglobin (HbO2); deoxy-haemoglobin (HHb); and total haemoglobin
(Hbtot) would provide the opportunity to evaluate the responses of the peripheral circulation to physiological
challenges. We describe the design of apparatus based on low cost optical components, with light-emitting diodes
(LED) as the light sources and sensitive photodiodes (PD) as the detectors. Changes in chromophore
concentration were calculated using the modiﬁed Lambert-Beer Law and diﬀusion theory. We use four
wavelengths, 735 nm, 760 nm, 810 nm and 850 nm. Source-detector spacing was varied to derive blood oxygen
changes at diﬀerent depths. Using multiple source-detector spacing, the spatial distribution of these changes
could be visualized in the response curve. Forearm occlusion experiments demonstrated changes in oxygenation
in agreement with theory. In a liquid tissue phantom changes in HbO2, HHb and blood volume were followed
faithfully with the NIRS instrument. Overall, the results of this investigation demonstrate the usefulness of the
multi-wavelength NIRS instrument for deriving haemodynamic information from biological tissues.

2.

Cerbo et al. (2013). Global perfusion assessment and tissue oxygen saturation in preterm infants:
where are we?

Abstract: Near infrared spectroscopy (NIRS) monitoring is a new challenge for clinicians who deal with early
detection of dangerous hypoperfusion in the brain, as well as in splanchnic and renal districts in critically ill
preterm infants. Previous studies performed on infants and children with congenital heart disease,
demonstrated the efficacy of this non-invasive method in managing hypoperfusive states pre, post and during
cardiac surgery. Its use has improved post surgery outcome. NIRS monitoring has been used also to assess
therapeutic intervention utility. Early identification of silent hypoperfusion has made NIRS use in preterm
infants very interesting for neonatologists, especially where other techniques have failed. In this work, literature
on this topic has been carefully examined, particularly the “two site NIRS” use in preterm infants, to evaluate
how regional splanchnic oxygen saturation changes, both in physiological events, such as enteral feeding and in
hemodynamic disorders, that occur in patients with significant patent ductus and in hypoperfusive states that
lead to necrotizing enterocolitis.

3.

Ong al. (2013). Frontal cerebral oxygen response as an indicator of initial attention effort
during perceptual learning

Abstract: Perceptual learning is critical in many settings. In the present study, we investigated the role of
individual differences in attention effort in perceptual learning by having participants learn to detect rare
cryptic figures. We employed both functional near-infrared spectroscopy measures of frontal cortical activity and
self-reports of pre-task motivation in order to assess individual differences in attention effort. We also
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manipulated performance feedback and the amount of background information provided to the participants
regarding the task. Twelve men and 28 women participated in the experiment. Performance metrics were
indicative of perceptual learning occurring. Overall performance on the task was correlated significantly with
pre-task levels of self-reported motivation and the rate of learning was correlated with initial oxygen response in
the frontal cortex. The initial spike in frontal oxygen response declined with time on task, perhaps due to shifts
towards automaticity. The results suggest perceptual learning is influenced by individual differences in
attention effort.

4.

Fuchino al. (2013). Effects of Preterm Birth on Intrinsic Fluctuations in Neonatal Cerebral
Activity Examined Using Optical Imaging

Abstract: Medical advancements in neonatology have significantly increased the number of high-risk preterm
survivors. However, recent long-term follow-up studies have suggested that preterm infants are at risk for
behavioral, educational, and emotional problems. Although clear relationships have been demonstrated between
preterm infants and developmental problems during childhood and adolescence, less is known about the early
indications of these problems. Recently, numerous studies on resting-state functional connectivity (RSFC) have
demonstrated temporal correlations of activity between spatially remote cortical regions not only in healthy
adults but also in neuropathological disorders and early childhood development. In order to compare RSFC of the
cerebral cortex between preterm infants at term-equivalent ages and full-term neonates without any anatomical
abnormality risk during natural sleep, we used an optical topography system, which is a recently developed
extension of near-infrared spectroscopy. We clarified the presence of RSFC in both preterm infants and full-term
neonates and showed differences between these groups. The principal differences were that on comparison of
RSFC between the bilateral temporal regions, and bilateral parietal regions, RSFC was enhanced in preterm
infants compared with full-term neonates; whereas on comparison of RSFC between the left temporal and left
parietal regions, RSFC was enhanced in full-term neonates compared with preterm infants. We also
demonstrated a difference between the groups in developmental changes of RSFC related to postmenstrual age.
Most importantly, these findings suggested that preterm infants and full-term neonates follow different
developmental trajectories during the perinatal period because of differences in perinatal experiences and
physiological and structural development.

5.

Rizzo-Sierra al. (2013). Resting state functional near infrared spectroscopy

Abstract: The present study investigated the spatial-temporal variation of oxygenated hemoglobin (HbO),
deoxygenated hemoglobin (Hb), blood volume (BV) and blood oxygenation (BO) concentration changes in the
prefrontal cortex, measured with functional near-infrared spectroscopy (fNIRS) during resting state. We
examined 36 healthy right handed subjects seating with their minds and body quiet and still, as well as their
eyes closed for 5 minutes. The spatial mean concentration change of the four estimated parameters across
subjects was found near zero; Moreover, the mean concentration changes across subjects for HbO and Hb were
found to be more reduced than those of BV and BO. In addition, there were no statistically voxelwise significant
differences for the mean concentration changes related to HbO, Hb, BV, neither BO; This finding strongly
suggests for a spatial stability in the mean concentration changes during resting state.

6.

Ameri al. (2013). A fast quench-reset integrated circuit for high-speed single photon detection

Abstract: This paper presents the design and implementation of a high-speed, and low-power single photon
detection system. The system consists of a quench module and a digitizer in forward path and a reset feedback
scheme to realize a reset block. This circuit when accompanied with an avalanche photodiode (APD) in its frontend could accurately detect and count the generated photons in few nanoseconds. Schematic-based simulations
were conducted with TSMC 180nm CMOS process to characterize the circuit. The simulation results confirm
2
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quench time of 3ns for the circuit which adopts to the requirements of high speed photon detection quench
circuits in functional near infrared optical brain imaging spectroscopy. The measurements are undergoing and
preliminary results confirm the functionality of the design. Controllable hold-off time of 4ns-2μs and a reset time
of 1-4ns enhance the characteristics of the proposed circuit among the previously cited solutions.

7.

Jean-Pierre (2013). Integrating functional near-infrared spectroscopy in the characterization,
assessment, and monitoring of cancer and treatment-related neurocognitive dysfunction

Abstract: Cancer and cancer treatment-related neurocognitive dysfunction (CRND) (e.g., impairments in key
cognitive domains of attention, memory, processing speed, and executive function), commonly referred to as
“chemobrain” or “chemo-fog”, can negatively impact patients' psychosocial functioning and quality of life. CRND
is a debilitating and enduring adverse effect experienced by 17% to 75% of patients during and after completion
of treatment. However, few studies have systematically characterized and tested interventions to treat CRND.
This paucity of data is due, at least partly, to difficulties understanding its etiology and a lack of consensus
studies on best methods for assessing the presence and severity of CRND. This paper presents a comprehensive
model for characterizing, assessing and monitoring cancer and treatment-related neurocognitive dysfunction,
with functional near-infrared spectroscopy (fNIRS) as an important component of this model. The benefits of
fNIRS to the characterization and longitudinal assessment and monitoring of CRND are discussed. Strategies
for integrating optical imaging spectroscopy in biobehavioral oncology research, strength and limitations, and
directions for future CRND studies using fNIRS are examined.

8.

Köchel et al. (2013). Cortical activation during auditory elicitation of fear and disgust: A nearinfrared spectroscopy (NIRS) study

Abstract: This near infrared spectroscopy study investigated whether nonverbal human sounds representing
different basic emotions are able to specifically modulate temporo-parietal cortices, involved in auditory
processing and attention. Forty-three adults (19 females and 24 males) were presented with sounds from the
categories fear, disgust, and neutral. The stimuli were able to elicit the target emotions with sufficient
specificity. The listening to fear-relevant sounds (e.g., screams of fear and pain) led to increased activation of the
right superior temporal gyrus and the bilateral supramarginal gyrus. The hemodynamic responses to disgusting
sounds (e.g., sniffing, diarrhea) were smaller. Our findings point to a differential neuronal sensitivity of the
human brain to two basic emotion elicitors in the auditory domain.

9.

Mihara (2013). Functional near-infrared spectroscopy as an evaluation and possible training
tool for postural control and balance

Abstract: Postural control requires complex visuo-sensorimotor coordination, and previous studies have
revealed that the cortical contribution is very important in the maintenance of bipedal posture in humans.
Functional near-infrared spectroscopy (NIRS) could enable us to measure cortical activation during dynamic
movements, including balance and postural tasks, and could provide novel insight into the underlying neural
mechanisms for postural control in humans. In this minisymposium, we present the application of functional
NIRS in studies investigating cortical mechanisms for balance and postural control in humans, and discuss
the potential application of functional NIRS for enhancing functional recovery.
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10.

Fukuda et al. (2013). Measurement of Near-Surface Signal Changes Using Functional NearInfrared Spectroscopy

Abstract: In order to qualitatively evaluate the influence of disturbances on the measurement results of
functional near-infrared spectroscopy (fNIRS) , we propose a method for the selective detection of near-surface
signals caused by cutaneous blood flow. In addition, to monitor the psychological state while measuring the
brain activity, we proposed a heart rate monitoring method using the near-surface signal. Using the task that
involves the game Othello, experimental results show that this method is effective for estimating psychological
states while measuring brain activity.

11.

Fujurama et al. (2013). Performance evaluation of depth-selective optical topography and brain
activity measurements

Abstract: Functional near-infrared spectroscopy (fNIRS) is a techniques that is used to measure brain function.
It is sometimes difficult to measure blood perfusion changes in the brain cortex that are caused by brain
activation because the blood perfusion in the skin layer is included in current fNIRS measurements. In this
study, we conducted an experiment in which we could suppress the undesirable inclusion of the skin circulation
of the human head with an inverse problem technique.

12.

Kamrani et al. (2013). On-Chip Integrated Photoreceiver for Real-Time Brain Imaging

Abstract: A new silicon avalanche photodiode is integrated with transimpedance amplifier and photon counting
circuitry front-end in order to be applied in a miniaturized optical brain imaging system. This on-chip integrated
system is fabricated using low-cost standard CMOS process and offers high sensitivity, high-speed, with lowpower and low-noise characteristics.

13.

Fazli & Lee (2013). Brain Computer Interfacing: A Multi-Modal Perspective

Abstract: Multi-modal techniques have received increasing interest in the neuroscientific and brain computer
interface (BCI) communities in recent times. Two aspects of multi-modal imaging for BCI will be reviewed. First,
the use of recordings of multiple subjects to help find subject-independent BCI classifiers is considered. Then,
multi-modal neuroimaging methods involving combined electroencephalogram and near-infrared spectroscopy
measurements are discussed, which can help achieve enhanced and robust BCI performance.

14.

Weigl et al. (2013). Assessment of cerebral perfusion in post-traumatic brain injury patients with
the use of ICG-bolus tracking method

Abstract: The aim of this study was to verify the usefulness of the time-resolved optical method utilizing
diffusely reflected photons and fluorescence signals combined with intravenous injection of indocyanine green
(ICG) in the assessment of brain perfusion in post-traumatic brain injury patients. The distributions of times of
flight (DTOFs) of diffusely reflected photons were acquired together with the distributions of times of arrival
(DTAs) of fluorescence photons. The data analysis methodology was based on the observation of delays between
the signals of statistical moments (number of photons, mean time of flight and variance) of DTOFs and DTAs
related to the inflow of ICG to the extra- and intracerebral tissue compartments. Eleven patients with brain
hematoma, 15 patients with brain edema and a group of 9 healthy subjects were included in this study.
Statistically significant differences between parameters obtained in healthy subjects and patients with brain
hematoma and brain edema were observed. The best optical parameter to differentiate patients and control
4
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group was variance of the DTOFs or DTAs. Results of the study suggest that time-resolved optical monitoring of
inflow of the ICG seems to be a promising tool for detecting cerebral perfusion insufficiencies in critically ill
patients.

15.

Sakatani et al. (2013). Monitoring of Brain Function by Near Infrared Spectroscopy (NIRS) for
Prevention of Brain Diseases

Abstract: We developed a simple technique for objective assessment of mental stress levels by measuring
hemoglobin concentration changes in the bilateral prefrontal cortex (PFC) at rest, employing two-channel
near-infrared spectroscopy (NIRS). Each subject was instructed to think about nothing in particular NIRS
measurements were taken and the left/right asymmetry of PFC activity at rest was evaluated by calculating
the proposed Laterality Index at Rest (LIR). There was significant positive correlation between LIR and the
State-Trait Anxiety Inventory (STAI) score. The present method allowed evaluation of mental stress level
from NIRS measurements at rest.

16.

Ishi et al. (2013). Comparison of changes in cerebral and systemic perfusion between
appropriate- and small-for-gestational-age infants during the first three days after birth

Abstract: Purpose: The aims of the current study were to compare changes in cerebral and systemic perfusion in
appropriate-for-gestational-age (AGA) and small-for-gestational-age (SGA) infants immediately after birth.
Methods: Cerebral blood volume (CBV), cerebral Hb oxygen saturation (cSO2) and cerebral fractional tissue
oxygen extraction (cFTOE) among 57 AGA infants and 30 SGA infants were monitored using a newly developed
time-resolved spectroscopy system during the first 3 days of life. The left ventricular ejection fraction (LVEF),
left ventricular cardiac output (LVCO) and E/e′ values were determined by three-dimensional echocardiography
and tissue Doppler imaging performed simultaneously. Results: There were significant differences between the
body weights of both the AGA and SGA infants, but not between the gestational age and head circumferences in
both groups. Although CBV showed no significant difference between the groups, cSO2 was significantly higher
and cFTOE was lower in SGA infants than in AGA infants. Hematocrit (Ht) levels were significantly higher and
LVEF and LVCO were lower in SGA infants than in AGA infants. Negative correlation was observed between
CBV and Ht levels in AGA infants, but not in SGA infants. Conclusions: The high Ht levels and vasoreactivity in
SGA infants might be a compensatory mechanism in order to maintain oxygen delivery to the brain, which
reflects the condition of chronic hypoxia during the fetal period and also reflects the weak contraction and low
cardiac output of the left ventricle sustaining the relatively large brain from the fetal period to after birth.

17.

Alhemsi et al. (2013). Time-resolved near-infrared spectroscopic imaging systems

Abstract: Time-resolved near-infrared light measurements have been used for about two decades to noninvasively provide functional images of the brain. After its first introduction in the late 1970's, near-infrared
spectroscopy, and subsequently, time-resolved near-infrared imaging, in parallel with photon propagation in
living tissues, have been increasingly studied for various medical applications. In addition, there has been
continuous research and technology development of more improved light transport models in tissues, practical
simplifying assumptions to aid in analysis, more efficient imaging algorithms, and more reliable
instrumentation. In this paper, we review time-resolved near-infrared spectroscopy and imaging from an
engineering perspective and describe some of the key results of progress in the field. We discuss various
techniques and hardware components of near-infrared spectroscopy and imaging systems, highlighting their
advantages and limitations.
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18.

Santosa et al. (2013). Noise reduction in functional near-infrared spectroscopy signals by
independent component analysis

Abstract: Functional near-infrared spectroscopy (fNIRS) is used to detect concentration changes of oxyhemoglobin and deoxy-hemoglobin in the human brain. The main difficulty entailed in the analysis of fNIRS
signals is the fact that the hemodynamic response to a specific neuronal activation is contaminated by
physiological and instrument noises, motion artifacts, and other interferences. This paper proposes independent
component analysis (ICA) as a means of identifying the original hemodynamic response in the presence of noises.
The original hemodynamic response was reconstructed using the primary independent component (IC) and
other, less-weighting-coefficient ICs. In order to generate experimental brain stimuli, arithmetic tasks were
administered to eight volunteer subjects. The t-value of the reconstructed hemodynamic response was improved
by using the ICs found in the measured data. The best t-value out of 16 low-pass-filtered signals was 37, and
that of the reconstructed one was 51. Also, the average t-value of the eight subjects’ reconstructed signals was
40, whereas that of all of their low-pass-filtered signals was only 20. Overall, the results showed the applicability
of the ICA-based method to noise-contamination reduction in brain mapping.

19.

Curtin et al. (2013). Functional near-infrared spectroscopy for the measurement of propofol
effects in conscious sedation during outpatient elective colonoscopy

Abstract: Endoscopic procedures performed in the United States routinely involve the use of conscious sedation
as standard of care. The use of sedation reduces patient discomfort and anxiety while improving the technical
quality of the procedure, and as a result, over 98% of clinicians have adopted the practice. The tremendous
benefits of sedation are offset by heightened costs, increased patient discharge time, and cardiopulmonary
complication risks. The inherent liabilities of putting patients under sedation have necessitated a large number
of physiological monitoring systems in order to ensure patient comfort and safety. Currently American Society of
Anesthesiologist (ASA) guidelines recommend monitoring of pulse oximetry, blood pressure, heart rate, and endtidal CO2; although important safeguards, these physiological measurements do not allow for the reliable
assessment of patient sedation. Proper monitoring of patient state ensures procedure quality and patient safety;
however no “gold-standard” is available to determine the depth of sedation which is comparable to the
anesthesiologist's professional judgment. Developments in functional near-infrared spectroscopy (fNIRS) over
the past two decades have introduced cost-effective, portable, and non-invasive neuroimaging tools which
measure cortical hemodynamic activity as a correlate of neural functions. Anesthetic drugs, such as propofol,
operate by suppressing cerebral metabolism. fNIRS imaging methods have the ability to detect these drug
related effects as well as neuronal activity through the measurement of local cerebral hemodynamic changes.
In the present study, 41 patients were continuously monitored using fNIRS while undergoing outpatient elective
colonoscopy with propofol sedation. The preliminary results indicated that oxygenated hemoglobin changes in
the dorsolateral prefrontal cortex, as assessed by fNIRS were correlated with changes in response to bolus
infusions of propofol, whereas other standard physiological measures were not significantly associated.

20.

Yang et al. (2013). Applying Near-Infrared Spectroscopy in Cognitive Neuroscience

Abstract: Near-infrared spectroscopy (NIRS) is a noninvasive tool for brain imaging. By monitoring the optical
signals resulting from changes in the concentration of oxyhemoglobin and deoxyhemoglobin, NIRS can thus be
used to examine the neural correlates of cognitive tasks. NIRS features a moderated temporal and spatial
resolution for brain imaging but barely probes deep brain structures. This paper reviews studies applying NIRS
to investigate human cognitive functions such as attention, memory, language, and thinking among healthy
adults in last two decades. Within the reviewed studies, compared to additional brain-imaging techniques such
as functional magnetic resonance imaging (fMRI), we suggest that NIRS can tolerate more movement resulting
from the experimental settings of traditional behavioral testing. In addition, more NIRS studies in language
have been conducted than in any other field of cognitive psychology, suggesting that NIRS is an appropriate
6
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apparatus for oral tasks, one that is sensitive to the brain's areas of language. Most studies applying NIRS
techniques have obtained results consistent with those applying fMRI, suggesting that the novel technology of
NIRS is an affordable and powerful apparatus for research in cognitive neuroscience.

21.

Amian et al. (2013). Motion Artifact Reduction in fNIRS Signals by Auto Regressive Moving
Average Modeling Based Kalman Filtering

Abstract: Functional Near Infrared Spectroscopy (fNIRS) is a technique that is used for noninvasive
measurement of the oxyhemoglobin (HbO2) and deoxyhemoglobin (Hb) concentrations in the brain tissue. Since
the ratio of the concentration of these two agents is correlated with the neuronal activity, fNIRS can be used for
the monitoring and quantifying the cortical activity. The portability of fNIRS makes it a good candidate for
studies involving subject’s movement. The fNIRS measurements, however, are sensitive to artifacts generated by
subject’s head motion. This makes fNIRS signals less effective in such applications. In this paper, the
autoregressive moving average (ARMA) modeling of the fNIRS signal is used for state-space representation of
the signal which is then fed to the Kalman filter for estimating the motionless signal. Results were compared to
the autoregressive model (AR) based approach and showed that the ARMA models outperform AR models
because of better modeling of the fNIRS signals. We showed that the signal to noise ratio (SNR) is about 3
dB higher for ARMA based method.

22.

Herff et al. (2013). Classiﬁcation of mental tasks in the prefrontal cortex using fNIRS

Abstract: Functional near infrared spectroscopy (fNIRS) is rapidly gaining interest in both the Neuroscience, as
well as the Brain-Computer-Interface (BCI) community. Despite these efforts, most single-trial analysis of fNIRS
data is focused on motor-imagery, or mental arithmetics. In this study, we investigate the suitability of different
mental tasks, namely mental arithmetics, word generation and mental rotation for fNIRS based BCIs. We
provide the ﬁrst systematic comparison of classiﬁcation accuracies achieved in a sample study. Data
was collected from 10 subjects performing these three tasks. An optode template with 8 channels was chosen
which covers the prefrontal cortex and only requires less than 3 minutes for setup. Two-class accuracies of up to
71% average across all subjects for mental arithmetics, 70% for word generation and 62% for mental rotation
were achieved discriminating these tasks from a relax state. We thus lay the foundation for fNIRS based BCI
using additional mental strategies than motor imagery and mental arithmetics. The tasks were chosen in a way
that they might be used for user state monitoring, as well.

23.

Sakatani et al. (2013). Detection of cerebral ischemia employing time-resolved spectroscopy

Abstract: We evaluated cerebral blood oxygenation (CBO) changes after SAH employing quantitative timeresolved near infrared spectroscopy (TR-NIRS). We investigated 11 age-matched controls and 14 aneurysmal
SAH patients. Employing TR-NIRS, we measured the cortical oxygen saturation (CoSO2) and baseline
hemoglobin concentrations in the middle cerebral artery territory. Measurements of TR-NIRS and transcranial
Doppler sonography (TCD) were performed repeatedly after SAH. In six patients, the CoSO2 and hemoglobin
concentrations remained stable after SAH; DSA did not reveal vasospasm in these patients. In eight patients,
however, CoSO2 and total hemoglobin decreased abruptly between five and nine days after SAH. DSA revealed
diffuse vasospasms in six out of eight patients. The reduction of CoSO2 predicted occurrence of vasospasm at a
cut of value of 3.9–6.4% with 100% of sensitivity and 85.7% of specificity. TCD failed to detect the vasospasm in
four cases, which TR-NIRS could detect. Finally, TR-NIRS performed on day 1 after SAH revealed significantly
higher CoSO2 than that of controls; but there was no significant difference in total hemoglobin. TR-NIRS
detected vasospasm by evaluating the CBO in the cortex, and may be more sensitive than TCD. The cerebral
oxygen metabolism in SAH might be reduced by brain damage due to aneurysmal rupture.
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24.

Hirosawa et al. (2013). Reduced dorsolateral prefrontal cortical hemodynamic response in adult
obsessive-compulsive disorder as measured by near-infrared spectroscopy during the verbal
fluency task

Abstract: Background: Near-infrared spectroscopy has helped our understanding of the neurobiological
mechanisms of psychiatric disorders and has advantages including noninvasiveness, lower cost, and ease of use
compared with other imaging techniques, like functional magnetic resonance imaging. The verbal fluency task is
the most common and well established task used to assess cognitive activation during near-infrared
spectroscopy. Recent functional neuroimaging studies have shown that the orbitofrontal cortex and other brain
regions, including the dorsolateral prefrontal cortex, may play important roles in the pathophysiology of
obsessive-compulsive disorder (OCD). This study aimed to evaluate hemodynamic responses in the dorsolateral
prefrontal cortex in patients with OCD using near-infrared spectroscopy during the verbal fluency task and to
compare these with dorsolateral prefrontal cortex responses in healthy controls. Methods: Twenty patients with
OCD and 20 controls matched for age, gender, handedness, and estimated intelligence quotient participated in
this study. The verbal fluency task was used to elicit near-infrared spectroscopic activation and consisted of a 30second pre-task, followed by three repetitions of a 20-second verbal fluency task (total 60 seconds), followed by a
70-second post-task period. The near-infrared spectroscopy experiment was conducted on the same day as
surveys of obsessive-compulsive symptoms, depression, and anxiety. Z-scores for changes in the concentration of
oxygenated hemoglobin were compared between the OCD patients and controls in 14 channels set over the left
and right dorsolateral prefrontal cortex and frontopolar areas. Results: During the verbal fluency task,
significant task-related activation was detected in both the OCD group and the controls. Changes in oxygenated
hemoglobin concentration in the right dorsolateral prefrontal cortex were significantly smaller in the OCD group
than in the controls, but were not statistically significant after correction for multiple comparisons. Conclusion:
Patients with OCD have reduced prefrontal, especially right dorsolateral prefrontal, cortical hemodynamic
responses as measured by near-infrared spectroscopy during the verbal fluency task. These results support the
hypothesis that the dorsolateral prefrontal cortex plays a role in the pathophysiology of OCD.

25.

Pu et al. (2013). Association between subjective well-being and prefrontal function during a
cognitive task in schizophrenia: A multi-channel near-infrared spectroscopy study

Abstract: The purpose of this study was to examine the relationship between subjective well-being and
prefrontal function during a cognitive task in schizophrenia. Twenty-four patients with clinically stable
schizophrenia participated in the study. We measured the change in hemoglobin concentration in the prefrontal
region during a verbal fluency task (VFT) by using 52-channel near-infrared spectroscopy (NIRS). The subjective
well-being of participants was assessed using the Subjective Well-being under Neuroleptic drug treatment Short
form (SWNS). A significant positive relationship was observed between the SWNS score and frontopolar, left
ventrolateral, and bilateral dorsolateral prefrontal function during the VFT. These results suggest that the
frontopolar and left ventrolateral and bilateral dorsolateral prefrontal cortical regions are associated with the
subjective well-being of clinically stable patients with schizophrenia and that NIRS may be an efficient medical
tool for monitoring these characteristics.

26.

Yang et al. (2013). Applying Near-Infrared Spectroscopy in Cognitive Neuroscience

Abstract: Near-infrared spectroscopy (NIRS) is a noninvasive tool for brain imaging. By monitoring the optical
signals resulting from changes in the concentration of oxyhemoglobin and deoxyhemoglobin, NIRS can thus be
used to examine the neural correlates of cognitive tasks. NIRS features a moderated temporal and spatial
resolution for brain imaging but barely probes deep brain structures. This paper reviews studies applying NIRS
to investigate human cognitive functions such as attention, memory, language, and thinking among healthy
adults in last two decades. Within the reviewed studies, compared to additional brain-imaging techniques such
as functional magnetic resonance imaging (fMRI), we suggest that NIRS can tolerate more movement resulting
8
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from the experimental settings of traditional behavioral testing. In addition, more NIRS studies in language
have been conducted than in any other field of cognitive psychology, suggesting that NIRS is an appropriate
apparatus for oral tasks, one that is sensitive to the brain's areas of language. Most studies applying NIRS
techniques have obtained results consistent with those applying fMRI, suggesting that the novel technology of
NIRS is an affordable and powerful apparatus for research in cognitive neuroscience.

27.

Mortelli et al. (2013). Realistic inhomogeneous phantoms using an equivalent black volume

Abstract: Using Monte Carlo simulations we demonstrate that a realistic absorption inhomogeneity embedded
in a diffusive medium can be effectively mimicked by a small black object of a proper volume (Equivalence
Relation). Applying this concept we propose the construction of simple and well reproducible inhomogeneous
phantoms.

28.

Alderliesten et al. (2013). Simultaneous quantitative assessment of cerebral physiology using
respiratory-calibrated MRI and near-infrared spectroscopy in healthy adults

Abstract: Background: Functional near-infrared spectroscopy (fNIRS) and functional MRI (fMRI) are noninvasive techniques used to relate activity in different brain regions to certain tasks. Respiratory calibration of
the blood oxygen level dependent (BOLD) signal, and combined fNIRS–fMRI approaches have been used to
quantify physiological subcomponents giving rise to the BOLD signal. A comparison of absolute oxygen
metabolism parameters between MRI and NIRS, using spatially resolved (SRS) NIRS and respiratory calibrated
MRI, could yield additional insight in the physiology underlying activation.
Materials and methods: Changes in the BOLD signal, cerebral blood flow (CBF), and oxygen saturation (SO2)
were derived from a single MRI sequence during a respiratory challenge in healthy volunteers. These changes
were compared to SO2 obtained by a single probe SRS NIRS setup. In addition, concentration changes in
oxygenated (O2Hb), deoxygenated (HHb), and total haemoglobin (tHb), obtained by NIRS, were compared to the
parameters obtained by MRI.
Results: NIRS SO2 correlated with end-tidal CO2 (0.83, p < 0.0001), the BOLD signal (0.82, p < 0.0001), CBF
(0.85, p < 0.0001), and also MRI SO2 (0.82, p < 0.0001). The BOLD signal correlated with NIRS HHb (− 0.76, p <
0.0001), O2Hb (0.41, p = 0.001), and tHb (r = 0.32, p = 0.01).
Conclusions: Good correlations show that changes in cerebral physiology, following a respiratory challenge, go
hand in hand with changes in the BOLD signal, CBF, O2Hb, HHb, NIRS SO2, and MRI SO2. Out of all NIRS
derived parameters, the SO2 showed the best correlation with the BOLD signal.

29.

Fekete et al. (2013). Small-world network properties in prefrontal cortex correlate with
predictors of psychopathology risk in young children: A NIRS study

Abstract: Near infrared spectroscopy (NIRS) is an emerging imaging technique that is relatively inexpensive,
portable, and particularly well suited for collecting data in ecological settings. Therefore, it holds promise as a
potential neurodiagnostic for young children. We set out to explore whether NIRS could be utilized in assessing
the risk of developmental psychopathology in young children. A growing body of work indicates that
temperament at young age is associated with vulnerability to psychopathology later on in life. In particular, it
has been shown that low effortful control (EC), which includes the focusing and shifting of attention, inhibitory
control, perceptual sensitivity, and a low threshold for pleasure, is linked to conditions such as anxiety,
depression and attention deficit hyperactivity disorder (ADHD). Physiologically, EC has been linked to a control
network spanning among other sites the prefrontal cortex. Several psychopathologies, such as depression and
ADHD, have been shown to result in compromised small-world network properties. Therefore we set out to
explore the relationship between EC and the small-world properties of PFC using NIRS. NIRS data were
collected from 44 toddlers, ages 3–5, while watching naturalistic stimuli (movie clips). Derived complex network
9
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measures were then correlated to EC as derived from the Children's Behavior Questionnaire (CBQ). We found
that reduced levels of EC were associated with compromised small-world properties of the prefrontal network.
Our results suggest that the longitudinal NIRS studies of complex network properties in young children hold
promise in furthering our understanding of developmental psychopathology.

30.

Menke et al. (2013). Cerebral Near-Infrared Spectroscopy Correlates to Vital Parameters During
Cardiopulmonary Bypass Surgery in Children

Abstract: Near-infrared spectroscopy (NIRS) can monitor changes in cerebral regional oxygen saturation (rSO 2)
and tissue hemoglobin content (HbT). The relation between cerebral NIRS readings and vital parameters has not
been analyzed before at a fine temporal scale. This study analyzed this relation during cardiopulmonary bypass
(CPB) surgery in 10 children (0–9 years, 1,770 min of data records) by using a novel random-coefficient model.
The analysis indicated that a small number of patients is sufficient for obtaining significant results with this
model. Changes of vital parameters explained 84.7 % of rSO2 changes and 90.7 % of HbT changes. Cerebral rSO2
correlated positively with perfusion pressure and inversely with body temperature (P < 0.05). Cerebral HbT
correlated positively with perfusion pressure, central venous pressure, and temperature and inversely with
arterial oxygen saturation (P < 0.05). During hypothermic circulatory arrest, the half-life of the exponential rSO2
decay correlated to the rSO2 reserve (P = 0.016). In conclusion, NIRS readings of cerebral hemoglobin content
and tissue oxygen saturation correlate well to vital parameters during CPB surgery in children. NIRS may
therefore become a monitoring device for the neuroprotective optimization of those vital parameters.

31.

Yarlagadda & Kim (2013). Software Digital Lock-in Amplifier in the Application of fNIRS System

Abstract: Lock-in amplifier is particularly important in the fNIRS-based system, because the lock-in amplifier
can recover the low-level signals buried in significant amounts of noise. But the price of lock-in amplifier is very
expensive. This paper presented a software method for designing digital lock-in amplifier. Compared with
analogue lock-in amplifier, results show that software lock-in amplifier is feasible for experimental research and
can replace the expensive analogue lock-in amplifier.

32.

Farag et al. (2013). Near-Infrared Spectroscopy of the Urinary Bladder during Voiding in Men
with Lower Urinary Tract Symptoms: A Preliminary Study

Abstract: Objectives. To determine the difference in response of NIRS of the bladder during voiding between
men with and without BOO.LUTS. Methods. A prospective, case series, study included 36 men with LUTS.
Patients completed the IPSS questionnaire; prostate volumes were measured sonographically. Patients
underwent pressure flow study (PFS) with simultaneous NIRS of the bladder. Amplitudes of HHb, O2Hb, and
Hbsum were calculated at Qmax, relative to baseline. Patients were urodynamically classified as obstructed and
unobstructed. Recursive partition analysis (RPA) was performed to reclassify patients using NIRS amplitudes,
followed by combined data of NIRS amplitudes, prostate volume, IPSS, and Qmax to determine the best
predictor(s) of BOO. Results. PFS classified 28 patients as obstructed and 8 as unobstructed. The median HHb
amplitude was significantly higher in obstructed group. RPA of NIRS amplitudes correctly reclassified 89% of
patients [AUC: 0.91]. RPA of the combined IPSS, prostate volume, PVR, and Qmax correctly reclassified 72% of
patients [AUC: 0.84]. When NIRS amplitudes were added to this combination, RPA revealed a significantly (p <
0.05) higher rate of correct reclassification in 89% of patients with 89.3% sensitivity and 88% specificity for
obstruction [AUC: 0.96]. Conclusion. NIRS data can be of diagnostic value for BOO in men with LUTS.
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33.

Lin et al. (2013). Interleaved imaging of cerebral hemodynamics and blood flow index to monitor
ischemic stroke and treatment in rat by volumetric diffuse optical tomography

Abstract: Diffuse optical tomography (DOT) has been used by several groups to assess cerebral hemodynamics
of cerebral ischemia in humans and animals. In this study, we combined DOT with an indocyanine green (ICG)tracking method to achieve interleaved images of cerebral hemodynamics and blood flow index (BFI) using two
middle cerebral artery occlusion (MCAO) rat models. To achieve volumetric images with high-spatial resolution,
we first integrated a depth compensation algorithm (DCA) with a volumetric mesh-based rat head model to
generate three-dimensional (3D) DOT on a rat brain atlas. Then, the experimental DOT data from two rat
models were collected using interleaved strategy for cerebral hemodynamics and BFI during and after ischemic
stroke, with and without a thrombolytic therapy for the embolic MCAO model. The acquired animal data were
further analyzed using the integrated rat-atlas-guided DOT method to form time-evolving 3D images of both
cerebral hemodynamics and BFI. In particular, we were able to show and identify therapeutic outcomes of a
thrombolytic treatment applied to the embolism-induced ischemic model. This paper demonstrates that
volumetric DOT is capable of providing high-quality, interleaved images of cerebral hemodynamics and blood
perfusion in small animals during and after ischemic stroke, with excellent 3D visualization and quantifications.

34.

Lin et al. (2013). Effects of Fentanyl with Levobupivacaine on Cognitive Functions and Cerebral
Oxygenation

Abstract: Preoperative risk assessment may fail in most patients who may be exposed to postoperative
neurological sequelae. The aim of this study was to assess the effects of Fentanyl added to epidural
levobupivacaine on cerebral oxygenation and cognitive functions. There was a negative correlation between age
and MMT, and a positive correlation between SpO2 and MMT. MMT scores of Group 2 at postoperative first
hour and fifth hours were lower than those of Group 1. It was concluded that while fentanyl added to epidural
local anesthetic had no effect on hemodynamic parameters, SpO2, and right-left cerebral oxygen saturation, and
although it may have caused a decrease in MMT scores in the early postoperative period, it did not cause
impairment in cognitive functions.

35.

Hayashi & Tsuruse (2013). An Adaptive Ensemble Model for Brain-Computer Interfaces

Abstract: Brain-computer interface (BCI) have recently entered the research limelight. In many such systems,
external computers and machines are controlled by brain activity signals measured using near-infrared
spectroscopy (NIRS) or electroencephalograph (EEG) devices. In this paper, we propose a probabilistic data
interpolation-boosting algorithm for BCI, where we adopt three evaluation criterions to decide the class of
interpolated data around the misclassiﬁed data. By using the interpolated data with classes, the discriminated
boundary is shown to control the external machine effectively. We verify our boosting method with numerical
examples, and discuss the results.

36.

Chiarelli et al. (2013). Fast optical signals in the sensorimotor cortex: General Linear
Convolution Model applied to multiple source–detector distance-based data

Abstract: In this study, we applied the General Linear Convolution Model to detect fast optical signals (FOS) in
the somatosensory cortex, and to study their dependence on the source–detector separation distance (2.0 to 3.5
cm) and irradiated light wavelength (690 and 830 nm). We modeled the impulse response function as a
rectangular function that lasted 30 ms, with variable time delay with respect to the stimulus onset. The model
was tested in a cohort of 20 healthy volunteers who underwent supra-motor threshold electrical stimulation of
the median nerve. The impulse response function quantified the time delay for the maximal response at 70 ms to
11
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110 ms after stimulus onset, in agreement with classical somatosensory-evoked potentials in the literature,
previous optical imaging studies based on a grand-average approach, and grand-average based processing. Phase
signals at longer wavelength were used to identify FOS for all the source–detector separation distances, but the
shortest one. Intensity signals only detected FOS at the greatest distance; i.e., for the largest channel depth.
There was no activation for the shorter wavelength light. Correlational analysis between the phase and intensity
of FOS further confirmed diffusive rather than optical absorption changes associated with neuronal activity in
the activated cortical volume. Our study demonstrates the reliability of our method based on the General Linear
Convolution Model for the detection of fast cortical activation through FOS.

37.

Glaser et al. (2013). Cerebral Hyperemia Measured with Near Infrared Spectroscopy during
Treatment of Diabetic Ketoacidosis in Children

Abstract: Objective: To use near infrared spectroscopy (NIRS) to evaluate the timing of onset and duration of
cerebral hyperemia during diabetic ketoacidosis (DKA) treatment in children, and to investigate the relationship
of cerebral hyperemia to intravenous fluid treatment.
Study design: We randomized children aged 8-18 years with DKA to either more rapid or slower intravenous
fluid treatment (19 total DKA episodes). NIRS was used to measure rSo2 during DKA treatment. NIRS
monitoring began as soon as informed consent was obtained and continued until the patient was transferred out
of the critical care unit.
Results: rSo2 values above the normal range (>80%) were detected in 17 of 19 DKA episodes (mean rSo2 during
initial 8 hours of DKA treatment: 86% ± 7%, range 65%-95%). Elevated rSo2 values were detected as early as the
second hour of DKA treatment and persisted for as long as 27 hours. Hourly mean rSo2 levels during treatment
did not differ significantly by fluid treatment group.
Conclusions: During DKA treatment, children have elevated rSo2 values consistent with cerebral hyperemia.
Hyperemia occurs as early as the second hour of DKA treatment and may persist for ≥27 hours. Cerebral rSo2
levels during treatment did not differ significantly in patients treated with slower versus more rapid intravenous
rehydration.

38.

Barker et al. (2013). Autoregressive model based algorithm for correcting motion and serially
correlated errors in fNIRS

Abstract: Systemic physiology and motion-induced artifacts represent two major sources of confounding noise in
functional near infrared spectroscopy (fNIRS) imaging that can reduce the performance of analyses and inflate
false positive rates (i.e., type I errors) of detecting evoked hemodynamic responses. In this work, we
demonstrated a general algorithm for solving the general linear model (GLM) for both deconvolution (finite
impulse response) and canonical regression models based on designing optimal pre-whitening filters using
autoregressive models and employing iteratively reweighted least squares. We evaluated the performance of the
new method by performing receiver operating characteristic (ROC) analyses using synthetic data, in which serial
correlations, motion artifacts, and evoked responses were controlled via simulations, as well as using
experimental data from children (3–5 years old) as a source baseline physiological noise and motion artifacts.
The new method outperformed ordinary least squares (OLS) with no motion correction, wavelet based motion
correction, or spline interpolation based motion correction in the presence of physiological and motion related
noise. In the experimental data, false positive rates were as high as 37% when the estimated p-value was 0.05
for the OLS methods. The false positive rate was reduced to 5–9% with the proposed method. Overall, the
method improves control of type I errors and increases performance when motion artifacts are present.

12

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 1, Issue 3 (July-September 2013)

39.

Tse et al. (2013). The functional role of the frontal cortex in pre-attentive auditory change
detection

Abstract: Accounts of the functional role of the frontal cortex in pre-attentive auditory change detection include
attention switching, response inhibition, contrast enhancement, and activation of a predictive model. These
accounts assume different sequential activation patterns between the temporal and frontal cortices: Change
detection in the auditory areas of the superior temporal cortex (STC) followed by inferior frontal cortex (IFC)
activation for attention switching and response inhibition; STC preceded by IFC activation for contrast
enhancement; and an IFC–STC–IFC activation sequence for the predictive model. We used the event-related
optical signal (EROS), which provides a temporal resolution of milliseconds and a spatial resolution of 5 to 10
mm, combined with lagged correlation path modeling to examine the response of the right frontal and temporal
cortices to auditory duration deviants of varying magnitude. Event-related potentials (ERPs) were also recorded,
as was the slow optical (hemodynamic) brain response. The data analyses revealed temporal–frontal, frontal–
temporal–frontal, and temporal–frontal activation patterns when the deviants represented relatively large,
medium, and small changes from the standard stimulus, respectively. These results indicate that the degree of
deviance modulates spatio-temporal dynamics within the STC–IFC auditory change detection network.

40.

Schudlo et al. (2013). Dynamic topographical pattern classification of multichannel prefrontal
NIRS signals

Abstract: OBJECTIVE: Near-infrared spectroscopy (NIRS) is an optical imaging technique that has recently
been considered for brain-computer interface (BCI) applications. To date, NIRS-BCI studies have primarily made
use of temporal features of brain activity, derived from the time-course of optical signals measured from discrete
locations, to differentiate mental states. However, functional brain imaging studies have indicated that the
spatial distribution of haemodynamic activity is also rich in information. Thus, the progression of a response
over both time and space may be valuable to brain state classification. In this paper, we investigate the
implication of including spatiotemporal features in the single-trial classification of haemodynamic events for a
two-class problem by exploiting this information from dynamic NIR topograms.
APPROACH: The value of spatiotemporal information was explored through a comparative analysis of four
different classification schemes performed on multichannel NIRS data collected from the prefrontal cortex
during a mental arithmetic activation task and rest. Employing a linear discriminant classifier, data were
analysed using spatiotemporal features, temporal features, and a collective pool of spatiotemporal and temporal
features. We also considered a majority vote combination of three classifiers; each established using one of the
above feature sets. Lastly, two separate task durations (20 and 10 s) were considered for feature extraction.
MAIN RESULTS: With features from the longer task interval, the highest overall classification accuracy was
achieved using the majority voting classifier (76.1 ± 8.4%), which was greater than the accuracy obtained using
temporal features alone (73.5 ± 8.5%) (F3,144 = 7.04, p = 0.0002). While results from the shorter task duration
were lower overall, the classifier employing only spatiotemporal features (with an average accuracy of 67.9 ±
9.3%) achieved a higher average accuracy than the rate obtained using only temporal features (64.4 ± 8.4%)
(F3,144 = 18.58, p < 10(-4)).
SIGNIFICANCE: Collectively, these results suggest that spatiotemporal information can be of value in the
analysis of functional NIRS data, and improved classification rates may be obtained in future NIRS-BCI
applications with the inclusion of this information.

41.

Leon-Dominguez et al. (2013). Molecular concentration of deoxyHb in human prefrontal cortex
predicts the emergence and suppression of consciousness

Abstract: This is the first study to use fNIRS to explore anaesthetic depth and awakening during surgery with
general anaesthesia. A 16 channel continuous wave (CW) functional near-infrared system (fNIRS) was used to
13
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monitor PFC activity. These outcomes were compared to BIS measures. The results indicate that deoxyHb
concentration in the PFC varies during the suppression and emergence of consciousness. During suppression,
deoxyHb levels increase, signalling the deactivation of the PFC, while during emergence, deoxyHb concentration
drops, initiating PFC activation and the recovery of consciousness. Furthermore, BIS and deoxyHb
concentrations in the PFC display a high negative correlation throughout the different anaesthetic phases. These
findings suggest that deoxyHb could be a reliable marker for monitoring anaesthetic depth, and that the PFC
intervenes in the suppression and emergence of consciousness.

42.

Liu et al. (2013). Global brain hypoperfusion and oxygenation in amnestic mild cognitive
impairment

Abstract: Background: To determine if global brain hypoperfusion and oxygen hypometabolism occur in patients
with amnestic mild cognitive impairment (aMCI).
Methods: Thirty-two aMCI and 21 normal subjects participated. Total cerebral blood flow (TCBF), cerebral
metabolic rate of oxygen (CMRO2), and brain tissue volume were measured using color-coded duplex
ultrasonography (CDUS), near-infrared spectroscopy (NIRS), and MRI. TCBF was normalized by total brain
tissue volume (TBV) for group comparisons (nTCBF). Cerebrovascular resistance (CVR) was calculated as mean
arterial pressure divided by TCBF.
Results: Reductions in nTCBF by 9%, CMRO2 by 11%, and an increase in CVR by 13% were observed in aMCI
relative to normal subjects. No group differences in TBV were observed. nTCBF was correlated with CMRO2 in
normal controls, but not in aMCI.
Conclusions: Global brain hypoperfusion, oxygen hypometabolism, and neurovascular decoupling observed in
aMCI suggest that changes in cerebral hemodynamics occur early at a prodromal stage of Alzheimer's disease,
which can be assessed using low-cost and bedside-available CDUS and NIRS technology.

43.

DiStasio & Francis (2013). Use of frontal lobe hemodynamics as reinforcement signals to an
adaptive controler

Abstract: Decision-making ability in the frontal lobe (among other brain structures) relies on the assignment of
value to states of the animal and its environment. Then higher valued states can be pursued and lower (or
negative) valued states avoided. The same principle forms the basis for computational reinforcement learning
controllers, which have been fruitfully applied both as models of value estimation in the brain, and as artificial
controllers in their own right. This work shows how state desirability signals decoded from frontal lobe
hemodynamics, as measured with near-infrared spectroscopy (NIRS), can be applied as reinforcers to an
adaptable artificial learning agent in order to guide its acquisition of skills. A set of experiments carried out on
an alert macaque demonstrate that both oxy- and deoxyhemoglobin concentrations in the frontal lobe show
differences in response to both primarily and secondarily desirable (versus undesirable) stimuli. This difference
allows a NIRS signal classifier to serve successfully as a reinforcer for an adaptive controller performing a
virtual tool-retrieval task. The agent's adaptability allows its performance to exceed the limits of the NIRS
classifier decoding accuracy. We also show that decoding state desirabilities is more accurate when using relative
concentrations of both oxyhemoglobin and deoxyhemoglobin, rather than either species alone.

44.

Imhof et al. (2013). Watching Gestures during Learning about Movements with Dynamic
Visualization Activates the Human Mirror Neuron System: A fNIRS Study

Abstract: This study investigates whether viewing human gestures facilitates learning about non-human
biological movements and whether correspondence between gesture and to-belearned movement is superior to
non-correspondence. Functional near-infrared-spectroscopy was used to address whether gestures activate the
human mirror-neuron-system (hMNS) and whether this activation mediates the facilitation of learning. During
14
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learning participants viewed triples of visualizations (animation – gesture video – animation). Results showed
that for low-visuospatial-ability learners corresponding gestures led to higher cortical activation in the inferiorfrontal cortex (part of the hMNS) and better learning outcomes, whereas for high-visuospatial-ability learners
the type of gesture had no influence. Furthermore, results showed that – if presented with non-corresponding
gestures – only low-visuospatial-ability learners who activated their inferiorparietal cortex (also part of the
hMNS), improve their learning. Thus, activating the hMNS facilitates learning about movements and
stimulating the hMNS via gestures seems to be an adequate instructional strategy to enhance learning with
dynamic visualizations for low-visuospatial-ability learners.

45.

Tam et al. (2013). Optical Imaging of Motor Cortical Hemodynamic Response to Directional Arm
Movements Using Near-infrared Spectroscopy

Abstract: This study aims at determining arm-movement directions from functional near-infrared spectroscopy
(fNIRS) hemodynamic signals in order to decode intentional motor commands, originating in the motor cortices
of humans, which could be implemented in neuroprosthetic assistive devices for assisting the physically disabled.
Motor cortical hemodynamic responses were recorded using 64 spatially distributed optrodes from 14 normal
subjects during free arm orthogonal movements in the x- and y-directions on a horizontal plane. The time course
of oxy-(HbO2) and deoxy-hemoglobin (Hb), and of their summation (HbO2 + Hb) and difference (HbO2 – Hb)
signals, representing the hemodynamic profiles of total oxygen delivery and extraction, respectively, were
computed for the localized neuronal populations in the motor cortices underlying the optrodes. Analysis of the
above hemodynamic signals revealed that they could be temporally, spatially, or spatiotemporally decoupled,
depending on the movement direction. Thus, by analyzing the spatiotemporal profiles of brain activation we
could identify the direction of the orthogonal movements uniquely. Our findings demonstrate that movement
direction, a key feature of motor commands, can be reliably extracted in real-time from surface recorded fNIRS
signals, and support their viability in future noninvasive assistive devices.

46.

Schleicher et al. (2013). Using fNIRS to Characterize Human Perception of TTS System
Quality,Comprehension, and Fluency: Preliminary Findings

Abstract: The quality of synthesized speech signals from different Text-to-Speech (TTS) systems is traditionally
evaluated using subjective tests based on user ratings. Subjective testing, however, is challenging due to the
variability and complexity of human perception. As such, recently there has been a shift towards exploring new
objective techniques to evaluate the quality of TTS systems. In this paper, we describe our initial effort of
characterizing human TTS quality perception via neurophysiological insights obtained from a neuroimaging
technology called functional Near Infrared Spectroscopy (fNIRS). This approach allowed for a link between the
human decision making process and the quality of different TTS systems to be established. We showed
significant correlations between perceived quality and several fNIRS features related to cerebral
haemodynamics. These preliminary results have helped establish the potential of fNIRS as an important tool for
evaluating the quality of TTS systems.

47.

Dadgoster et al. (2013). Comparison of Mutual Information and Partial Correlation for
Functional Connectivity in fNIRS

Abstract: Non-invasive monitoring of human brain function by Functional near-infrared spectroscopy (fNIRS)
has been applied to study of brain oxygenation and metabolism. In this study, we aimed to investigate the
functional connectivity in the prefrontal cortex (PFC) during a modified version of the color-word matching
Stroop task. Stroop task, which requires responding to a particular stimulus dimension while suppressing a
competing stimulus dimension, is commonly used to evaluate PFC function. Partial correlation (PC) values and
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Mutual Information (MI) values were computed for each stimulus condition. Eventually the two methods were
compared.

48.

Anwer et al. (2013). Comparison of Causality Analysis on Simultaneously Measured fMRIand
NIRS Signals during Motor Tasks

Abstract: Brain activity can be measured using different modalities. Since most of the modalities tend to
complement each other, it seems promising to measure them simultaneously. In to be presented research, the
data recorded from Functional Magnetic Resonance Imaging (fMRI) and Near Infrared Spectroscopy (NIRS),
simultaneously, are subjected to causality analysis using time-resolved partial directed coherence (tPDC). Timeresolved partial directed coherence uses the principle of state space modelling to estimate Multivariate
Autoregressive (MVAR) coefficients. This method is useful to visualize both frequency and time dynamics of
causality between the time series. Afterwards, causality results from different modalities are compared by
estimating the Spearman correlation. In to be presented study, we used directionality vectors to analyze
correlation, rather than actual signal vectors. Results show that causality analysis of the fMRI correlates more
closely to causality results of oxy-NIRS as compared to deoxy-NIRS in case of a finger sequencing task. However,
in case of simple finger tapping, no clear difference between oxy-fMRI and deoxy-fMRI correlation is identified.

49.

Schneider et al. (2013). Show me how you walk and I tell you how you feel — A functional nearinfrared spectroscopy study on emotion perception based on human gait

Abstract: The ability to recognize and adequately interpret emotional states in others plays a fundamental role
in regulating social interaction. Body language presents an essential element of nonverbal communication which
is often perceived prior to mimic expression. However, the neural networks that underlie the processing of
emotionally expressive body movement and body posture are poorly understood. 33 healthy subjects have been
investigated using the optically based imaging method functional near-infrared spectroscopy (fNIRS) during the
performance of a newly developed emotion discrimination paradigm consisting of faceless avatars expressing
fearful, angry, sad, happy or neutral gait patterns. Participants were instructed to judge (a) the presented
emotional state (emotion task) and (b) the observed walking speed of the respective avatar (speed task). We
measured increases in cortical oxygenated haemoglobin (O2HB) in response to visual stimulation during emotion
discrimination. These O2HB concentration changes were enhanced for negative emotions in contrast to neutral
gait sequences in right occipito-temporal and left temporal and temporo-parietal brain regions. Moreover, fearful
and angry bodies elicited higher activation increases during the emotion task compared to the speed task.
Haemodynamic responses were correlated with a number of behavioural measures, whereby a positive
relationship between emotion regulation strategy preference and O2HB concentration increases after sad walks
was mediated by the ability to accurately categorize sad walks. Our results support the idea of a distributed
brain network involved in the recognition of bodily emotion expression that comprises visual association areas as
well as body/movement perception specific cortical regions that are also sensitive to emotion. This network is
activated less when the emotion is not intentionally processed (i.e. during the speed task). Furthermore, activity
of this perceptive network is, mediated by the ability to correctly recognize emotions, indirectly connected to
active emotion regulation processes. We conclude that a full understanding of emotion perception and its neural
substrate requires the investigation of dynamic representations and means of expression other than the face.

50.

Shenghong et al. (2013). Relationship between prefrontal function during a cognitive task and
social functioning in male Japanese workers: A multi-channel near-infrared spectroscopy
study

Abstract: To investigate whether prefrontal function during a cognitive task reflects the social functioning of
male Japanese workers, prefrontal function during a working memory task in 181 male workers was measured
16
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by multi-channel near-infrared spectroscopy (NIRS). Social functioning was assessed using the Social Adaptation
Self-Evaluation Scale (SASS). The results indicated that cortical oxygenation level increases in dorsolateral
prefrontal region showed significant positive correlations with the interest and motivation factor scores on the
SASS. These results suggest that dorsolateral prefrontal function is associated with the interest and motivation
factor in social functioning in male workers and that NIRS could be an addition to the medical tools for
monitoring these characteristics on mental health examination.

51.

Nguyen et al. (2013). Temporal hemodynamic classification of two hands tapping using
functional near—infrared spectroscopy

Abstract: In recent decades, a lot of achievements have been obtained in imaging and cognitive neuroscience of
human brain. Brain's activities can be shown by a number of different kinds of non-invasive technologies, such
as: Near-Infrared Spectroscopy (NIRS), Magnetic Resonance Imaging (MRI), and ElectroEncephaloGraphy
(EEG; Wolpaw et al., 2002; Weiskopf et al., 2004; Blankertz et al., 2006). NIRS has become the convenient
technology for experimental brain purposes. The change of oxygenation changes (oxy-Hb) along task period
depending on location of channel on the cortex has been studied: sustained activation in the motor cortex,
transient activation during the initial segments in the somatosensory cortex, and accumulating activation in the
frontal lobe (Gentili et al., 2010). Oxy-Hb concentration at the aforementioned sites in the brain can also be used
as a predictive factor allows prediction of subject's investigation behavior with a considerable degree of precision
(Shimokawa et al., 2009). In this paper, a study of recognition algorithm will be described for recognition
whether one taps the left hand (LH) or the right hand (RH). Data with noises and artifacts collected from a
multi-channel system will be pre-processed using a Savitzky–Golay filter for getting more smoothly data.
Characteristics of the filtered signals during LH and RH tapping process will be extracted using a polynomial
regression (PR) algorithm. Coefficients of the polynomial, which correspond to Oxygen-Hemoglobin (Oxy-Hb)
concentration, will be applied for the recognition models of hand tapping. Support Vector Machines (SVM) will
be applied to validate the obtained coefficient data for hand tapping recognition. In addition, for the objective of
comparison, Artificial Neural Networks (ANNs) was also applied to recognize hand tapping side with the same
principle. Experimental results have been done many trials on three subjects to illustrate the effectiveness of the
proposed method.

52.

Ahn et al. (2013). A pilot study examining the role of regional cerebral oxygen saturation
monitoring as a marker of return of spontaneous circulation in shockable (VF/VT) and nonshockable (PEA/Asystole) causes of cardiac arrest

Abstract: Background: Non-invasive monitoring of cerebral perfusion and oxygen delivery during cardiac arrest
is not routinely utilized during cardiac arrest resuscitation. The objective of this study was to investigate the
feasibility of using cerebral oximetry during cardiac arrest and to determine the relationship between regional
cerebral oxygen saturation (rSO2) with return of spontaneous circulation (ROSC) in shockable (VF/VT) and nonshockable (PEA/asystole) types of cardiac arrest.
Methods: Cerebral oximetry was applied to 50 in-hospital and out-of-hospital cardiac arrest patients.
Results: Overall, 52% (n = 26) achieved ROSC and 48% (n = 24) did not achieve ROSC. There was a significant
difference in mean ± SD rSO2% in patients who achieved ROSC compared to those who did not (47.2 ± 10.7% vs.
31.7 ± 12.8%, p < 0.0001). This difference was observed during asystole (median rSO2 (IQR) ROSC versus no
ROSC: 45.0% (35.1–48.8) vs. 24.9% (20.5–32.9), p < 0.002) and PEA (50.6% (46.7–57.5) vs. 31.6% (18.8–43.3), p =
0.02), but not in the VF/VT subgroup (43.7% (41.1–54.7) vs. 42.8% (34.9–45.0), p = 0.63). Furthermore, it was
noted that no subjects with a mean rSO2 < 30% achieved ROSC.
Conclusions: Cerebral oximetry may have a role as a real-time, non-invasive predictor of ROSC during cardiac
arrest. The main utility of rSO2 in determining ROSC appears to apply to asystole and PEA subgroups of cardiac
arrest, rather than VF/VT. This observation may reflect the different physiological factors involved in recovery
from PEA/asytole compared to VF/VT. Whereas in VF/VT, successful defibrillation is of prime importance,
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however in PEA and asytole achieving ROSC is more likely to be related to the quality of oxygen delivery.
Furthermore, a persistently low rSO2 <30% in spite of optimal resuscitation methods may indicate futility of
resuscitation efforts.

53.

Álvarez-Sánchez et al. (2013). Near-infrared spectroscopy and partial least squares-class modeling
(PLS-CM) for metabolomics fingerprinting discrimination of intervention breakfasts ingested
by obese individuals

Abstract: Near-infrared spectroscopy has been used in nutritional metabolomics fingerprinting for the
assessment of the intake of intervention breakfasts prepared with four different vegetable oils that were
previously subjected to a deep frying process of 20 cycles for 5 min at 180°C. The target oils were an extra virgin
olive oil and three varieties of refined sunflower oil. Of the three latter, one of them was used as such, other was
spiked with a synthetic oxidation inhibitor (dimethylsiloxane) and, finally, the last one was enriched with an
extract of phenolic compounds from olive pomace, the antioxidant properties of which are well known. Urine
sampled from individuals before intake and 2 and 4 h after intake was directly analyzed by NIRS to obtain
fingerprint characteristics of the metabolome composition. The resulting urinary patterns were combined for
statistical analysis by unsupervised and supervised approaches. Partial least squares-class modeling enabled to
develop class-models for each intervention breakfast, thus achieving discrimination of urinary fingerprints from
individuals after breakfast intake. The models were statistically characterized by estimation of sensitivity and
specificity parameters for the training and evaluation (validation) steps. The application of variable importance
in projection algorithm enabled to detect the spectral regions with higher significance to explain the variability
observed in the partial least squares class-models. Quantitative differences of variable importance in projection
scores discriminated among the different classes under study.

54.

Wijeakumar et al. (2013). Haemodynamic responses to radial motion in the visual cortex

Abstract: Functional near infrared spectroscopy (fNIRS) is an optical imaging technique that relies on emitting
near infrared light into cortical tissue to measure changes in haemoglobin concentrations as a result of
stimulation. The purpose of this study was to observe haemodynamic changes in response to moving stimuli over
the primary visual cortex. The test stimuli were radially expanding and contracting concentric gratings and the
control stimulus was a matched stationary pattern. A two-channel oximeter (Oxiplex TS) was used to record
changes in oxyhaemoglobin (HbO), de-oxyhaemoglobin (Hb) and total haemoglobin concentrations (THb). An
increase in haemodynamic activation was observed 20 s after the onset of motion and maintained for up to 20 s
following motion offset (30 s time window). This was compared to a time window of 10 s before the offset of the
stationary presentation. Differences between expanding and contracting motion did not achieve significance at
any of the locations. However, a significantly larger HbO response was observed across the 30 s time window
when compared to the baseline window at both occipital locations. Preliminary results from more temporal
locations also showed a similar trend. It is suggested that the delayed rise in HbO levels could be due to an
inconsistent maintenance of luminance and contrast-related features of the moving stimuli in V1 receptive fields.
Furthermore, motion-after effects could have contributed to delaying the drop to baseline levels. The current
study has shown some evidence that fNIRS can be used to record haemodynamic responses to moving stimuli
from the visual cortex. We suggest that longer durations of randomised moving, stationary and grey screen
presentations would be useful in teasing apart pure motion responses and after-effects. fNIRS could also
potentially be used to investigate haemodynamic changes in disorders such as amblyopia that present with
motion processing deficits.
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55.

Bainbridge et al. (2013). Brain mitochondrial oxidative metabolism during and after cerebral
hypoxia–ischemia studied by simultaneous phosphorus magnetic-resonance and broadband
near-infrared spectroscopy

Abstract: Background: Multimodal measurements combining broadband near-infrared spectroscopy (NIRS) and
phosphorus magnetic resonance spectroscopy (31P MRS) assessed associations between changes in the oxidation
state of cerebral mitochondrial cytochrome-c-oxidase (Δ[oxCCO]) and 31P metabolite peak-area ratios during and
after transient cerebral hypoxia–ischemia (HI) in the newborn piglet.
Methods: Twenty-four piglets (aged < 24 h) underwent transient HI (inspired oxygen fraction 9% and bilateral
carotid artery occlusion for ~ 20 min). Whole-brain 31P MRS and NIRS data were acquired every minute.
Inorganic phosphate (Pi)/epp, phosphocreatine (PCr)/epp, and total nucleotide triphosphate (NTP)/epp were
measured by 31P MRS and were plotted against Δ[oxCCO] during HI and recovery (epp = exchangeable
phosphate pool = Pi + PCr + 2γ-NTP + β-NTP).
Results: During HI Δ[oxCCO], PCr/epp and NTP/epp declined and Pi/epp increased. Significant correlations were
seen between 31P ratios and Δ[oxCCO]; during HI a threshold point was identified where the relationship
between Δ[oxCCO] and both NTP/epp and Pi/epp changed significantly. Outcome at 48 h related to recovery of
Δ[oxCCO] and 31P ratios 1 h post-HI (survived: 1-h NTP/epp 0.22 ± 0.02, Δ[oxCCO] − 0.29 ± 0.50 μM; died: 1-h
NTP/epp 0.10 ± 0.04, Δ[oxCCO] − 2.41 ± 1.48 μM).
Conclusions: Both lowered Δ[oxCCO] and NTP/epp 1 h post-HI indicated mitochondrial impairment. Animals
dying before 48 h had slower recovery of both Δ[oxCCO] and 31P ratios by 1 h after HI.

56.

Tomita & Mirsukura (2013). Hemodynamic characteristics for improvement of EEG-BCI
performance

Abstract: Although brain computer interfaces (BCI) based on electroencephalographic (EEG) signals have been
studied increasingly over decades, their performance is still limited in two main aspects. First, the shorter the
EEG epochs, the more difficult the detection of a BCI command. Second, BCI commands are often misclassified
while the subject is not performing any tasks by not focusing on a command (offset condition) because the EEG
characteristics of the offset condition are not unique. In order to circumvent these limitations, the hemodynamic
fluctuations in the brain during stimulation with steady-state visual evoked potentials (SSVEP) were measured
using near infrared spectroscopy (NIRS) simultaneously with EEG. The offset condition is distinguished from
the onset condition (focusing on a command) with extracted NIRS features through the design of low-pass filter.
BCI command estimates were based on EEG SSVEP response. Simultaneous evaluation of EEG and NIRS was
shown to improve the SSVEP classification, notably including the offset condition as an independent class, using
a novel offset condition estimation approach. For 13 subjects, wrong classification for 9 classes with inclusion of
offset condition were decreased. This proposed bimodal approach including the offset condition detection may
render current BCI systems more reliable.

57.

Doi et al. (2013). Brain activation during dual-task walking and executive function among older
adults with mild cognitive impairment: a fNIRS study

Abstract: Background and aims: Dual-task walking (DTW) is thought to involve activation of the prefrontal
cortex in healthy adults and to be affected by cognitive impairment. However, it is unclear whether prefrontal
cortex activation is involved in DTW in older adults with mild cognitive impairment. This study examined brain
activation during DTW among older adults with mild cognitive impairment using functional near-infrared
spectroscopy.
Methods: Sixteen older adults (aged 75.4 ± 7.2 years, women n = 6) performed gait experiments under normal
walking and DTW conditions. We used a design with 60-s blocks consisting of a 10-s rest standing as pre-resting
period, a 20-s walking task period, and a 30-s rest standing as post-resting period. Walking speed was measured
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during a 20-s walking task. Changes in oxy-hemoglobin were measured in the prefrontal area during gait
experiments.
Results: Walking speed was slower during DTW compared with normal walking (p < 0.001). The oxy-hemoglobin
level during DTW was higher than during normal walking (p < 0.001) and was correlated with executive
function, as measured by Stroop interference (p < 0.05).
Conclusion: Our findings indicate that DTW is associated with prefrontal activation among older adults with
mild cognitive impairment. The brain activation during DTW was correlated with executive function. Additional
studies are necessary to elucidate the effects of cognitive impairment on the association between prefrontal
activity and walking under various conditions.

58.

Shidoh et al. (2013). Cerebral Perfusion Change of Venous Hypertension on Near-Infrared
Spectroscopy Signals after Operation for Dural Arteriovenous Fistula

Abstract: A dural arteriovenous fistula (AVF) is an arteriovenous shunt in the dura and is associated with a
risk of intracranial hemorrhage and neurologic deficit. The morbidity of this disease depends on venous
hypertension, and the classification of this disease is based on the pattern of venous drainage. The pattern of
venous drainage relates to the clinical features of the disease, especially to the probability of intracranial
hemorrhage. We report 1 case of dural AVF with retrograde leptomeningeal venous drainage. Cerebral
hemodynamics were monitored using near-infrared spectroscopy imaging before, during, and after the 2-stage
operative treatment. Preoperative functional near-infrared spectroscopy (fNIRS) showed an increase in
deoxyhemoglobin (HbR) during a motor task. After partial coil embolization of the shunt points (stage 1), HbR
increased during the first half of the task and decreased later, whereas oxyhemoglobin (HbO2) decreased in the
first half of the task and increased later. After complete embolization (stage 2), fNIRS showed a pattern similar
to that of a normal adult. The patient's symptoms improved gradually, and angiography showed a reduction of
the retrograde venous drainage and venous congestion after this 2-stage operation. The reduction in venous
hypertension may be the underlying mechanism behind the changes observed with fNIRS.

59.

Amiri et al. (2013). Intraoperative assessment of human spinal cord perfusion using near
infrared spectroscopy with indocyanine green tracer technique

Abstract: Background context: Despite the significant interest in the assessment of human cerebral perfusion,
investigations into human spinal cord perfusion (SCP) are scarce. Current intraoperative monitoring of spinal
cord relies on the assessment of neural conduction as a surrogate for SCP. However, there are various inherent
limitations associated with the use of these techniques. Near infrared spectroscopy (NIRS) has been successfully
used for monitoring and assessment of human cerebral perfusion and has shown promising results in
intraoperative assessment of SCP in animal models.
Purpose: The aim of this study was to investigate whether it is possible to monitor physiological changes in
human SCP intraoperatively using NIRS with indocyanine green (ICG) tracer technique. We used this technique
to calculate the human spinal cord carbon dioxide (CO2) reactivity index. In addition, we investigated whether
the lamina causes significant attenuation of NIRS signals.
Study design/setting: Intraoperative human experimental study.
Patient sample: Eighteen patients undergoing elective posterior cervical spine surgery.
Outcome measures: Carbon dioxide reactivity of human SCP.
Methods: Nine patients underwent transdural assessment of SCP, with an additional nine patients undergoing
translaminar measurements. Patients' SCP was continuously monitored using an NIRO-500 NIRS monitor via a
set of purpose built optodes. Their arterial ICG concentration was simultaneously assessed using a pulse dye
densitometer. Patients' end-tidal CO2 was gradually increased by 7.5 mm Hg and then returned back to
baseline. Three sets of measurements were taken: baseline, hypercapnic, and return to baseline.
Results: After hypercapnia, SCP increased by a mean of 57.2±23.3% in the transdural group and 46.6±36.3% in
the translaminar group. Carbon dioxide reactivity index was 7.6±3.2%ΔSCP/mm Hg in the transdural group and
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6.4±5.3 %ΔSCP/mm Hg in the translaminar group. There was no significant difference in the increase in SCP
(p=.475) or the CO2 reactivity index (p=.581) observed between the transdural and the translaminar groups.
Conclusions: Intraoperative NIRS with ICG tracer technique can identify an increase in the SCP in response to
hypercapnia. It is possible to use this technique for monitoring SCP over the dura and the lamina. This
technique could potentially be used to provide insight in to the pathophysiology and autoregulation of commonly
acquired spinal cord conditions. Further research assessing the use of NIRS for monitoring of SCP is required.

60.

Nguyen et al. (2013). Analysis of Oxy-Hb Signals to Determine Relationship between Jaw
Imbalance and Arm Strength Using fNIRS

Abstract: This study is concerned with analyzing the relationship between jaw imbalance and arm strength
regarding Oxy-Hb concentration changes using functional Near Infrared Spectroscopy (fNIRS). The jaw
imbalance and arm activity, which possibly has a typical relation, was investigated based on Oxygen Hemoglobin
(Oxy-Hb) concentration changes. From this relationship, one can find out the cause of the imbalance jaw for
treatment. Six healthy volunteers, who participated in this study, were introduced to bite on a firm spacer at one
side of the jaw (left), while holding different a typical pull-down force by the opposite arm (right) during Oxy-Hb
measurements. In addition, the subjects performed another experiment to monitor the right arm strength by
putting a 40N additional force on the same side of the jaw with bite of a spacer while holding a force of 70 N. In
our method, a Savitzky-Golay filter was applied to remove spikes of the fNIRS Oxy-Hb data before analyzing
them. From the smoothed data, a Polynomial Regression (PR) algorithm and the definite integral were employed
to calculate the average volumes of Oxy-Hb concentration at brain motor zone for analyzing the relationship.
Results indicated that there was the typical relationship between the jaw imbalance and arm strength through
analyzing Oxy-Hb concentration changes.

61.

Mackey et al. (2013). Effects of varying gravity levels on fNIRS headgear performance and signal
recovery

Abstract: – not available –

62.

Adamovsy et al. (2013). Toward adaptation of fNIRS instrumentation to airborne environments

Abstract: – not available –

63.

Naseer & Hong (2013). Classification of functional near-infrared spectroscopy signals
corresponding to the right- and left-wrist motor imagery for development of a brain–computer
interface

Abstract: This paper presents a study on functional near-infrared spectroscopy (fNIRS) indicating that the
hemodynamic responses of the right- and left-wrist motor imageries have distinct patterns that can be classified
using a linear classifier for the purpose of developing a brain–computer interface (BCI). Ten healthy participants
were instructed to imagine kinesthetically the right- or left-wrist flexion indicated on a computer screen. Signals
from the right and left primary motor cortices were acquired simultaneously using a multi-channel continuouswave fNIRS system. Using two distinct features (the mean and the slope of change in the oxygenated hemoglobin
concentration), the linear discriminant analysis classifier was used to classify the right- and left-wrist motor
imageries resulting in average classification accuracies of 73.35% and 83.0%, respectively, during the 10 s task
period. Moreover, when the analysis time was confined to the 2–7 s span within the overall 10 s task period, the
average classification accuracies were improved to 77.56% and 87.28%, respectively. These results demonstrate
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the feasibility of an fNIRS-based BCI and the enhanced performance of the classifier by removing the initial 2 s
span and/or the time span after the peak value.

64.

Nishimura et al. (2013). Association of decreased prefrontal hemodynamic response during a
verbal fluency task with EGR3 gene polymorphism in patients with schizophrenia and in
healthy individuals

Abstract: The early growth response 3 (EGR3) gene is an immediate early gene that is expressed throughout
the brain and has been suggested as a potential susceptibility gene for schizophrenia (SZ). EGR3 impairment is
associated with various neurodevelopmental dysfunctions, and some animal studies have reported a role for
EGR3 function in the prefrontal cortex. Therefore, EGR3 genotype variation may be reflected in prefrontal
function. By using multi-channel near-infrared spectroscopy (NIRS) in an imaging genetics approach, we tested
for an association between the EGR3 gene polymorphism and prefrontal hemodynamic response during a
cognitive task in patients with SZ. We assessed 73 chronic patients with SZ and 73 age-, gender-, and genotypematched healthy controls (HC) who provided written informed consent. We used NIRS to measure changes in
prefrontal oxygenated hemoglobin concentration (oxyHb) during the letter version of a verbal fluency task (VFT).
Statistical comparisons were performed among EGR3 genotype subgroups (rs35201266, GG/GA/AA). The AA
genotype group showed significantly smaller oxyHb increases in the left dorsolateral prefrontal cortex (DLPFC)
during the VFT than the GG and GA genotype groups; this was true for both patients with SZ and HC. Our
findings provide in vivo human evidence of a significant influence of EGR3 polymorphisms on prefrontal
hemodynamic activation level in healthy adults and in patients with SZ. Genetic variation in EGR3 may affect
prefrontal function through neurodevelopment. This study illustrates the usefulness of NIRS in imaging genetics
investigations on psychiatric disorders.

65.

Abibullaev et al. (2013). A Study on Stroke Rehabilitation through Task-Oriented Control of a
Haptic Device via Near-Infrared Spectroscopy-Based BCI

Abstract: This paper presents a study in task-oriented approach to stroke rehabilitation by controlling a haptic
device via near-infrared spectroscopy-based brain-computer interface (BCI). The task is to command the haptic
device to move in opposing directions of leftward and rightward movement. Our study consists of data
acquisition, signal preprocessing, and classification. In data acquisition, we conduct experiments based on two
different mental tasks: one on pure motor imagery, and another on combined motor imagery and action
observation. The experiments were conducted in both offline and online modes. In the signal preprocessing, we
use localization method to eliminate channels that are irrelevant to the mental task, as well as perform feature
extraction for subsequent classification. We propose multiple support vector machine classifiers with a majorityvoting scheme for improved classification results. And lastly, we present test results to demonstrate the efficacy
of our proposed approach to possible stroke rehabilitation practice.

66.

Kampf et al. (2013). Transcranial doppler and near infrared spectroscopy in the perioperative
period

Abstract: PURPOSE OF REVIEW: Maintenance of adequate blood flow and oxygen to the brain is one of the
principal endpoints of all surgery and anesthesia. During operations in general anesthesia, however, the brain is
at particular risk for silent ischemia. Despite this risk, the brain still remains one of the last monitored organs in
clincial anesthesiology.
RECENT FINDINGS: Transcranial Doppler (TCD) sonography and near-infrared spectroscopy (NIRS)
experience a revival as these noninvasive technologies help to detect silent cerebral ischemia. TCD allows for
quantification of blood flow velocities in basal intracranial arteries. TCD-derived variables such as the pulsatility
index might hint toward diminished cognitive reserve or raised intracranial pressure. NIRS allows for
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assessment of regional cerebral oxygenation. Monitoring should be performed during high-risk surgery for silent
cerebral ischemia and special circumstances during critical care medicine. Both techniques allow for the
assessment of cerebrovascular autoregulation and individualized management of cerebral hemodynamics.
SUMMARY: TCD and NIRS are noninvasive monitors that anesthesiologists apply to tailor cerebral oxygen
delivery, aiming to safeguard brain function in the perioperative period.

67.

Koyama et al. (2013). A new method to detect cerebral blood flow waveform in synchrony with
chest compression by near-infrared spectroscopy during CPR

Abstract: Objective: The objective of the study is to demonstrate the utility of near-infrared spectroscopy (NIRS)
in evaluating chest compression (CC) quality in cardiac arrest (CA) patients as well as determine its prognosis
predictive value.
Methods: We present a nonconsecutive case series of adult patients with CA whose cardiopulmonary
resuscitation (CPR) was monitored with NIRS and collected the total hemoglobin concentration change (ΔcHb),
the tissue oxygen index (TOI), and the ΔTOI to assess CC quality in a noninvasive fashion.
Results: During CPR, ΔcHb displayed waveforms monitor, which we regarded as a surrogate for CC quality.
Total hemoglobin concentration change waveforms responded accurately to variations or cessations of CCs. In
addition, a TOI greater than 40% measured upon admission appears to be significant in predicting patient's
outcome. Of 15 patients, 6 had a TOI greater than 40% measured upon admission, and 67% of the latter were in
return of spontaneous circulation after CPR and were found to be significantly different between return of
spontaneous circulation and death (P = .047; P < .05).
Conclusion: Near-infrared spectroscopy reliably assesses the quality of CCs in patients with CA demonstrated by
synchronous waveforms during CPR and possible prognostic predictive value, although further investigation is
warranted.

68.

Takei et al. (2013). Temporal lobe and inferior frontal gyrus dysfunction in patients with
schizophrenia during face-to-face conversation: A near-infrared spectroscopy study

Abstract: Schizophrenia (SC) is marked by poor social-role performance and social-skill deficits that are well
reflected in daily conversation. Although the mechanism underlying these impairments has been investigated by
functional neuroimaging, technical limitations have prevented the investigation of brain activation during
conversation in typical clinical situations. To fill this research gap, this study investigated and compared frontal
and temporal lobe activation in patients with SC during face-to-face conversation. Frontal and temporal lobe
activation in 29 patients and 31 normal controls (NC) (n = 60) were measured during 180-s conversation periods
by using near-infrared spectroscopy (NIRS). The grand average values of oxyhemoglobin concentration ([oxyHb]) changes during task performance were analyzed to determine their correlation with clinical variables and
Positive and Negative Syndrome Scale (PANSS) subscores. Compared to NCs, patients with SC exhibited
decreased performance in the conversation task and decreased activation in both the temporal lobes and the
right inferior frontal gyrus (IFG) during task performance, as indicated by the grand average of [oxy-Hb]
changes. The decreased activation in the left temporal lobe was negatively correlated with the PANSS
disorganization and negative symptoms subscores and that in the right IFG was negatively correlated with
illness duration, PANSS disorganization, and negative symptom subscores. These findings indicate that brain
dysfunction in SC during conversation is related to functional deficits in both the temporal lobes and the right
IFG and manifests primarily in the form of disorganized thinking and negative symptomatology.
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69.

Szczapa et al. (2013). Comparison of cerebral tissue oxygenation values in full term and preterm
newborns by the simultaneous use of two near-infrared spectroscopy devices: an absolute and
a relative trending oximeter

Abstract: The aim of this study is to compare a two-wavelength light emitting diode–based tissue oximeter
(INVOS), which is designed to show trends in tissue oxygenation, with a four-wavelength laser–based oximeter
(FORE-SIGHT), designed to deliver absolute values of tissue oxygenation. Simultaneous values of cerebral tissue
oxygenation (StO 2 ) are measured using both devices in 15 term and 15 preterm clinically stable newborns on
the first and third day of life. Values are recorded simultaneously in two periods between which oximeter sensor
positions are switched to the contralateral side. Agreement between StO 2 values before and after the change of
sensor position is analyzed. We find that mean cerebral StO 2 values are similar between devices for term and
preterm babies, but INVOS shows StO 2 values spread over a wider range, with wider standard deviations than
shown by the FORE-SIGHT. There is relatively good agreement with a bias up to 3.5% and limits of agreement
up to 11.8%. Measurements from each side of the forehead show better repeatability for the FORE-SIGHT
monitor. We conclude that performance of the two devices is probably acceptable for clinical purposes. Both
performed sufficiently well, but the use of FORE-SIGHT may be associated with tighter range and better
repeatability of data.

70.

Cutini et al. (2013). Are the neural correlates of subitizing and estimation dissociable? An fNIRS
investigation

Abstract: Human performance in visual enumeration tasks typically shows two distinct patterns as a function
of set size. For small sets, usually up to 4 items, numerosity judgments are extremely rapid, precise and
confident, a phenomenon known as subitizing. When this limit is exceeded and serial counting is precluded,
exact enumeration gives way to estimation: performance becomes error-prone and more variable. Surprisingly,
despite the importance of subitizing and estimation in numerical cognition, only few neuroimaging studies have
examined whether the neural activity related to these two phenomena can be dissociated. In the present work,
we used multi-channel near-infrared spectroscopy (fNIRS) to measure hemodynamic activity of the bilateral
parieto-occipital cortex during a visual enumeration task. Participants had to judge the numerosity of dot arrays
and indicate it by means of verbal response. We observed a different hemodynamic pattern in the parietal cortex,
both in terms of amplitude modulation and temporal profile, for numerosities below and beyond the subitizing
range. Crucially, the neural dissociation between subitizing and estimation was strongest at the level of right
IPS. The present findings confirm that fNIRS can be successfully used to detect subtle temporal differences in
hemodynamic activity and to produce inferences on the neural mechanisms underlying cognitive functions.

71.

Mesquida et al. (2013). Skeletal Muscle Oxygen Saturation (StO2) Measured by Near-Infrared
Spectroscopy in the Critically Ill Patients

Abstract: According to current critical care management guidelines, the overall hemodynamic optimization
process seeks to restore macrocirculatory oxygenation, pressure, and flow variables. However, there is increasing
evidence demonstrating that, despite normalization of these global parameters, microcirculatory and regional
perfusion alterations might occur, and persistence of these alterations has been associated with worse prognosis.
Such observations have led to great interest in testing new technologies capable of evaluating the
microcirculation. Near-infrared spectroscopy (NIRS) measures tissue oxygen saturation (StO2) and has been
proposed as a noninvasive system for monitoring regional circulation. The present review aims to summarize the
existing evidence on NIRS and its potential clinical utility in different scenarios of critically ill patients.
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72.

Kim et al. (2013). Acute Kidney Injury and Renal Regional Oxygen Saturation During Aortic
Arch Reconstruction in Infants

Abstract: Objective: Acute kidney injury is a serious postoperative complication following cardiac surgery. The
aortic arch repair technique using antegrade selective cerebral perfusion has been used, but it is unclear
whether subdiaphragmatic organs such as the kidneys are perfused adequately. The authors compared
intraoperative renal regional oxygen saturation using near-infrared spectroscopy between infants with and
without postoperative acute kidney injury after undergoing aortic arch reconstruction.
Design: Retrospective medical records review.
Setting: University medical center.
Participants: Elective cardiac surgical infant.
Interventions: The author reviewed the perioperative clinical records of infants who underwent aortic arch
reconstruction surgery using antegrade selective cerebral perfusion. During the operation, prestenotic (right
radial or right brachial artery) and poststenotic (femoral or umbilical artery) invasive arterial blood pressure and
cerebral and renal regional oxygen saturation were monitored continuously. Development of acute kidney injury
within 72 hours of surgery was investigated.
Results: A total of 47 patients were enrolled in this study. Postoperative acute kidney injury occurred in 19
patients (40.4%). Intraoperative renal regional oxygen saturation was similar between patients with and without
acute kidney injury. Intraoperative prestenotic and poststenotic mean arterial blood pressure and cerebral
regional oxygen saturation also were similar between the 2 groups.
Conclusions: The intraoperative renal tissue oxygen saturation was not different between the groups with or
without postoperative acute kidney injury in infants who underwent aortic arch repair using antegrade selective
cerebral perfusion.

73.

Jasinska & Petitto (2013). How age of bilingual exposure can change the neural systems for
language in the developing brain: A functional near infrared spectroscopy investigation of
syntactic processing in monolingual and bilingual children

Abstract: Is the developing bilingual brain fundamentally similar to the monolingual brain (e.g., neural
resources supporting language and cognition)? Or, does early-life bilingual language experience change the
brain? If so, how does age of first bilingual exposure impact neural activation for language? We compared how
typically-developing bilingual and monolingual children (ages 7-10) and adults recruit brain areas during
sentence processing using functional Near Infrared Spectroscopy (fNIRS) brain imaging. Bilingual participants
included early-exposed (bilingual exposure from birth) and later-exposed individuals (bilingual exposure between
ages 4-6). Both bilingual children and adults showed greater neural activation in left-hemisphere classic
language areas, and additionally, right-hemisphere homologues (Right Superior Temporal Gyrus, Right Inferior
Frontal Gyrus). However, important differences were observed between early-exposed and later-exposed
bilinguals in their earliest-exposed language. Early bilingual exposure imparts fundamental changes to classic
language areas instead of alterations to brain regions governing higher cognitive executive functions. However,
age of first bilingual exposure does matter. Later-exposed bilinguals showed greater recruitment of the
prefrontal cortex relative to early-exposed bilinguals and monolinguals. The findings provide fascinating insight
into the neural resources that facilitate bilingual language use and are discussed in terms of how early-life
language experiences can modify the neural systems underlying human language processing.

74.

Chuang et al. (2013). Discriminant analysis of functional optical topography for schizophrenia
diagnosis

Abstract: Abnormal prefrontal function plays a central role in the cognition deficits of schizophrenic patients;
however, the character of the relationship between discriminant analysis and prefrontal activation remains
undetermined. Recently, evidence of low prefrontal cortex (PFC) activation in individuals with schizophrenia has
25

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 1, Issue 3 (July-September 2013)

also been found during verbal fluency tests (VFT) and other cognitive tests with several neuroimaging methods.
The purpose of this study is to assess the hemodynamic changes of the PFC and discriminant analysis between
schizophrenia patients and healthy controls during VFT task by utilizing functional optical topography. A total
of 99 subjects including 53 schizophrenic patients and 46 age- and gender-matched healthy controls were
studied. The results showed that the healthy group had larger activation in the right and left PFC than in the
middle PFC. Besides, the schizophrenic group showed weaker task performance and lower activation in the
whole PFC than the healthy group. The result of the discriminant analysis showed a significant difference with
P value <0.001 in six channels (CH 23, 29, 31, 40, 42, 52) between the schizophrenic and healthy groups.
Finally, 68.69% and 71.72% of subjects are correctly classified as being schizophrenic or healthy with all 52
channels and six significantly different channels, respectively. Our findings suggest that the left PFC can be a
feature region for discriminant analysis of schizophrenic diagnosis.

75.

Derosiére et al. (2013). NIRS-measured prefrontal cortex activity in neuroergonomics: strengths
and weaknesses

Abstract: – not available –

76.

Tateno et al. (2013). Tolterodine activates the prefrontal cortex during bladder filling in OAB
patients: A real-time NIRS-urodynamics study

Abstract: Aims: Studies of overactive bladder (OAB) have shown urothelial/suburothelial changes and
increased bladder afferents, while in the brain the frontal micturition area that normally suppresses the bladder
is deactivated. It has been unclear whether anticholinergic medication could reverse this suppression. To
address this question, we performed a real-time NIRS (near-infrared spectroscopy)-urodynamic study in OAB
patients before and after the administration of an anticholinergic agent, tolterodine.
Methods: We recruited 13 OAB patients in our outpatient clinic (9 males, 4 female; mean age 73 years). Before
and after the administration of 4 mg/day tolterodine for 3 months, all patients completed the OAB-symptom
scale and a NIRS-urodynamics examination. Cerebral changes in the oxy-hemoglobin concentration (oxy-Hb)
were sampled. Concentration changes in oxy-Hb were calculated based on a modified Beer–Lambert approach.
Results: Tolterodine significantly reduced the OAB patients' nighttime frequency (P < 0.05) and increased their
first-sensation volume (290–359 ml, P < 0.01). The number of patients with detrusor overactivity did not lessen
significantly (11–9). The real-time NIRS-urodynamic study showed that, during slow bladder filling between
start and bladder capacity, tolterodine significantly activated the right frontal micturition area of the OAB
patients (P < 0.05). The activation was prominent in Brodmann's area 8, 9, 10 of the prefrontal cortex.
Conclusions: Tolterodine reduced bladder sensation together with a significant activation of the frontal
micturition area of OAB patients, particularly Brodmann's area 8, 9, 10 of the right prefrontal cortex. This
activation seems to be a secondary phenomenon, since tolterodine does not easily penetrate the blood–brain
barrier.

77.

Fan et al. (2013). Effect of end-tidal CO2 clamping on cerebrovascular function, oxygenation,
and performance during 15-km time trial cycling in severe normobaric hypoxia: the role of
cerebral O2 delivery

Abstract: During heavy exercise, hyperventilation-induced hypocapnia leads to cerebral vasoconstriction,
resulting in a reduction in cerebral blood flow (CBF). A reduction in CBF would impair cerebral O2 delivery and
potentially account for reduced exercise performance in hypoxia. We tested the hypothesis that end-tidal Pco2
(PETCO2) clamping in hypoxic exercise would prevent the hypocapnia-induced reduction in CBF during heavy
exercise, thus improving exercise performance. We measured PETCO2, middle cerebral artery velocity (MCAv;
index of CBF), prefrontal cerebral cortex oxygenation (cerebral O2Hb; index of cerebral oxygenation), cerebral
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O2 delivery (DO2), and leg muscle oxygenation (muscle O2Hb) in 10 healthy men (age 27 ± 7 years; VO2max
63.3 ± 6.6 mL/kg/min; mean ± SD) during simulated 15-km time trial cycling (TT) in normoxia and hypoxia
(FIO2 = 0.10) with and without CO2 clamping. During exercise, hypoxia elevated MCAv and lowered cerebral
O2Hb, cerebral DO2, and muscle O2Hb (P < 0.001). CO2 clamping elevated PETCO2 and MCAv during exercise
in both normoxic and hypoxic conditions (P < 0.001 and P = 0.024), but had no effect on either cerebral and
muscle O2Hb (P = 0.118 and P = 0.124). Nevertheless, CO2 clamping elevated cerebral DO2 during TT in both
normoxic and hypoxic conditions (P < 0.001). CO2 clamping restored cerebral DO2 to normoxic values during TT
in hypoxia and tended to have a greater effect on TT performance in hypoxia compared to normoxia (P = 0.097).
However, post hoc analysis revealed no effect of CO2 clamping on TT performance either in normoxia (P = 0.588)
or in hypoxia (P = 0.108). Our findings confirm that the hyperventilation-induced hypocapnia and the
subsequent drop in cerebral oxygenation are unlikely to be the cause of the reduced endurance exercise
performance in hypoxia.

78.

Yuan & Ye (2013). Fusion of fNIRS and fMRI data: Identifying when and where hemodynamic
signals are changing in human brains

Abstract: In this study we implemented a new imaging method to fuse functional near infrared spectroscopy
(fNIRS) measurements and functional magnetic resonance imaging (fMRI) data to reveal the spatiotemporal
dynamics of the hemodynamic responses with high spatiotemporal resolution across the brain. We evaluated this
method using multimodal data acquired from human right finger tapping tasks. And we found the proposed
method is able to clearly identify from the linked components of fMRI and fNIRS where and when the
hemodynamic signals are changing. In particular, the estimated associations between fNIRS and fMRI will be
displayed as time varying spatial fMRI maps along with the fNIRS time courses. In addition, the joint
components between fMRI and fNIRS are combined together to generate full spatiotemporal “snapshots” and
movies, which provides an excellent way to examine the dynamic interplay between hemodynamic fNIRS and
fMRI measurements.

79.

Xu et al. (2013). Comparison of Optical and Concentration Feature Used for fNIRS-Based BCI
System Using HMM

Abstract: Brain-Computer Interface (BCI) is very useful for people who lose limb control such as amyotrophic
lateral sclerosis (ALS) patients, stroke patients and patients with prosthetic limbs. Among all the brain signal
acquisition devices, functional near-infrared spectroscopy (fNIRS) is an efficient approach to detect
hemodynamic responses correlated with brain activities using optical method, and its spatial resolution is much
higher than EEG. In this paper, we investigate the classification performance of both optical signal and
hemodynic signal that both used in fNIRS-based BCI system using Hidden Markov Model (HMM). Our results
show that hemodynamic signal has a much lower error rate than optical signal, especially the Oxy-hemoglobin
(HbO) has the lowest error rate. This result is important for researchers who want to design an fNIRS-based BCI
system and get better performance.

80.

Parks (2013). Concurrent application of TMS and near-infrared optical imaging: methodological
considerations and potential artifacts

Abstract: The simultaneous application of transcranial magnetic stimulation (TMS) with non-invasive
neuroimaging provides a powerful method for investigating functional connectivity in the human brain and the
causal relationships between areas in distributed brain networks. TMS has been combined with numerous
neuroimaging techniques including, electroencephalography (EEG), functional magnetic resonance imaging
(fMRI), and positron emission tomography (PET). Recent work has also demonstrated the feasibility and utility
of combining TMS with non-invasive near-infrared optical imaging techniques, functional near-infrared
27

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 1, Issue 3 (July-September 2013)

spectroscopy (fNIRS) and the event-related optical signal (EROS). Simultaneous TMS and optical imaging
affords a number of advantages over other neuroimaging methods but also involves a unique set of
methodological challenges and considerations. This paper describes the methodology of concurrently performing
optical imaging during the administration of TMS, focusing on experimental design, potential artifacts, and
approaches to controlling for these artifacts.

81.

Yamakawa (2013). Development of an Implantable Flexible Probe for Simultaneous NearInfrared Spectroscopy and Electrocorticography

Abstract: A combination of near-infrared spectroscopy (NIRS) and electrocorticography (ECoG) provides
beneficial information on cortical activity from different aspects. Integration of such multimodal measurement
capability into a single apparatus and the direct measurement of cortical activity during chronic subdural
implantation may be a powerful means for clinical diagnosis and neuroscience. However, an optical fiber-based
NIRS probe cannot be miniaturized for implantation into the brain, and the light-scattering effect of ECoG
electrodes in NIRS measurements is unknown. We describe here the development of a flexible probe, small
enough for chronic subdural implantation, for simultaneous NIRS and ECoG. Two light-emitting diodes of
different wavelengths and two photodiodes were mounted on a polyimide-based flexible substrate, and ECoG
electrodes were formed with a design minimizing artifacts in NIRS recording. The fabricated probe measured
ECoGs at sufficient spatial resolution and submicromolar changes in hemoglobin concentrations in in vivo
experiments with acute implantation into a rat. Comparison of measured changes in hemoglobin concentrations
for different source-detector distances reveals the reliability of the measured values and the practicality of the
simulation model. The proposed intracranial multimodality probe may provide beneficial evidence for pre- and
intrasurgical assessment of neurosurgery and reveal the interaction of electrophysiology and hemodynamics at
high spatial resolution without artifacts due to scalp blood flow.

82.

Yamakawa (2013). New and highly sensitive continuous-wave near-infrared spectrophotometer
with multiple detectors

Abstract: For a long time continuous wave near infrared instruments have been used to detect oxygenation
changes in tissue. These instruments have proven to be reliable. The new generation of instruments, such as
phase-modulated systems, or time-of-flight instruments, is not yet reliable enough for clinical applications. Most
available continuous wave near infrared instruments have low temporal resolution and low signal-to-noise ratio.
For functional brain imaging, for example, a sensitive and fast instrument is needed. Therefore we developed the
OXYMON, an instrument with a sample frequency up to 50 Hz and for optical densities up to 9 OD. The
instrument uses 3 laser diodes, and is equipped with 1 or 2 avalanche photo detectors. Modular building
techniques make maintenance easy.

83.

Fredly et al. (2013). Skin microcirculation in healthy term newborn infants – assessment of
morphology, perfusion and oxygenation

Abstract: Despite microcirculation's fundamental role, assessments of its function are limited. We explored the
applicability of Computer Assisted Video Microscope (CAVM), Laser Doppler Perfusion Measurements (LDPM)
and Diffuse Reflectance Spectroscopy (DRS) to study skin microvascular morphology, perfusion and oxygen
saturation in twenty-five healthy newborns day 1–3 of life. Results: Day 1–3 (mean (SD)): Microvascular density
(CAVM; number of microvessels crossing a grid of lines/mm line, c/mm): Chest: 11.3 (1.5), 11.0 (1.7), 10.7 (1.6).
Hand: 13.2 (2.0), 13.2 (1.9), 12.4 (1.6). Capillary density was significantly higher in the hand than in the chest
each day (p < 0.001). Perfusion (LDPM; arbitrary units): Chest: 109.1 (26.0), 101.4 (24.6), 100.8 (25.3). Hand:
58.9 (17.5), 54.3 (15.8), 46.9 (14.8). Perfusion was significantly higher in the chest than in the hand each day (p <
0.01). Microvascular oxygen saturation (DRS; %): Chest: 88.1 (5.2), 87.8 (10.0), 86.7 (9.0). Hand: 79.9 (15.2), 82.7
28

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 1, Issue 3 (July-September 2013)

(11.8), 82.2 (12.1) (p < 0.05). Capillary flow velocities (CAVM) were similar in the chest and hand: 60–70%
capillaries had “continuous high flow” and 30–40% “continuous low flow”. Multimodal skin microvascular
assessments with CAVM, LDPM and DRS are feasible with reproducible data in newborns. The hand has lower
perfusion, higher capillary density and higher oxygen extraction than the chest.

84.

Koenraadt et al. (2013). Hand tapping at mixed frequencies requires more motor cortex activity
compared to single frequencies: an fNIRS study

Abstract: Fast cyclic movements and discrete motor acts are controlled differently, presumably because fast
cyclic tasks are more automated, thereby depending on different circuits. If fast cyclic movements are made less
predictable (e.g., by mixing frequencies), one would predict that their control will be less automated, requiring
increased activity in motor cortical areas. The present functional near-infrared spectroscopy (fNIRS) study
investigated whether switching between frequencies increases the motor cortex activity compared to movements
at single rates. Therefore, hand tapping at mixed frequencies (“mixed”) was compared with hand tapping at 0.4
(“low frequency”), 0.8 (“mid-frequency”), and 1.4 Hz (“high frequency”). Oxy-hemoglobin (HbO) and deoxyhemoglobin (HbR) concentration changes were studied in eleven healthy subjects with eight-channel fNIRS
covering the hand motor cortex. Repeated-measures ANOVAs revealed significant main effects for the type of
task in HbO and HbR. Post hoc analysis showed a larger HbO increase and HbR decrease for the mixed task
compared to the low- and high-frequency conditions. In addition, the mid-frequency condition revealed a smaller
HbR decrease compared to the mixed task. Single frequency data indicated the existence of separate motor
control systems for low- and high-frequency movements. The increased activity for the mixed task is suggested to
be the result of the recruitment of a voluntary command motor system instead of automated systems.

85.

Lee et al. (2013). Application of cerebral oximetry for a parturient with Takayasu's arteritis
undergoing cesarean section -a case report

Abstract: Takayasu's arteritis (TA) is a chronic inflammatory disease involving the aorta. Because TA
sometimes involves cerebral arteries, anesthetic debates focus on cerebral monitoring. There is limited evidence
as to which cerebral monitoring method is most adequate. Furthermore, there is insufficient evidence to
determine which anesthetic technique is better for TA parturients. We experienced the case of a TA parturient
who developed transient cerebral ischemia during cesarean section. The patient's TA involved her cerebral
arteries, and her regional cerebral oxygen saturation (rSO2) was lower in the left side than in the right side. She
complained of speech impairment, tinnitus, and stiffness of the posterior neck when the rSO2 levels dropped.
The FloTrac/Vigileo™ system did not correlate with clinical symptoms, but the cerebral oximeter displayed the
low oxygen saturation. We recommend the cerebral oximetry for cerebral monitoring in TA parturients who
undergo cesarean sections, especially in hemodynamically unstable patients under regional anesthesia or
unconscious patients under general anesthesia.

86.

Kinou et al. (2013). Differential spatiotemporal characteristics of the prefrontal hemodynamic
response and their association with functional impairment in schizophrenia and major
depression

Abstract: Recent neuroimaging studies have shown similarities and differences in prefrontal abnormalities
between patients with schizophrenia (SZ) and major depressive disorder (MDD). However, the differential
spatiotemporal characteristics of these abnormalities and their association with functional impairment remain
unclear. To elucidate differential brain pathophysiology in these disorders, we used multichannel near-infrared
spectroscopy (NIRS) to measure the spatiotemporal characteristics of prefrontal activation and investigated their
association with global functioning levels. The study included 96 individuals: 32 patients with SZ, 32 patients
with MDD, and 32 demographically matched healthy subjects. During a verbal fluency task, the changes in
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oxygenated and deoxygenated hemoglobin ([oxy-Hb] and [deoxy-Hb]) signals over the prefrontal cortex (PFC)
were measured using 52-channel NIRS and compared among the 3 groups. Patients with SZ and MDD showed
lesser-than-normal [oxy-Hb] activation during the task, whereas the initial slope of [oxy-Hb] activation was
steeper for patients with MDD than for patients with SZ. The reduced hemodynamic response was associated
with lower global functioning, and the correlative regions were different between the 2 disorders (frontopolar
PFC in SZ; dorsolateral and ventrolateral PFC in MDD). The hypofrontality observed in patients with SZ and
MDD is consistent with the findings of previous neuroimaging studies. Moreover, the spatiotemporal
characteristics and the functional significance of the prefrontal hemodynamic response could differentiate the 2
psychiatric disorders. These results suggest a differential brain pathophysiology between SZ and MDD. Future
large-scale studies are needed to determine the practical applicability of these findings for clinical diagnosis and
evaluation.

87.

Ichikawa et al. (2013). Contrast reversal of the eyes impairs infants’ face processing: A nearinfrared spectroscopic study

Abstract: Human can easily detect other’s eyes and gaze from early in life. Such sensitivity is supported by the
contrast polarity of human eyes, which have a white sclera contrasting with the darker colored iris (Kobayashi &
Kohshima, (1997). Nature, 387, 767–768; Kobayashi & Kohshima, (2001). Journal of Human Evolution, 40, 419–
435). Recent studies suggest that the contrast polarity around the eyes plays an important role in infants’ face
processing. Newborns preferred upright face images to inverted ones in contrast-preserved faces, but not in
contrast-reversed faces (Farroni et al., (2005). Proceedings of National Academy of Sciences of the United States
of America, 102, p. 17245–17250). Seven- to 8-month-old infants failed to discriminate between faces when the
contrast polarity of eyes was reversed (Otsuka et al., (2013). Journal of Experimental Child Psychology, 115,
598–606). Neuroimaging study with adults revealed that full-negative faces induced less activation in the right
fusiform gyrus than either full-positive faces or negative faces with contrast-preserved eyes (Gilad et al., (2009).
Proceedings of National Academy of Sciences of the United States of America, 106, p. 5353–5358). In the present
study, we investigated whether contrast-reversed eyes diminish infants’ brain activity related to face processing.
We measured hemodynamic responses in the bilateral temporal area of 5- to 6-month-old infants. Their
hemodynamic responses to faces with positive eyes and those with negative eyes were compared against the
baseline activation during the presentation of object images. We found that the presentation of faces with
positive eyes increased the concentration of oxy-Hb in the right temporal area and those of total-Hb in the
bilateral temporal areas. No such change occurred for faces with negative eyes. Our results suggest the
importance of contrast polarity of the eyes in the face-selective neural responses from early development.

88.

Niu et al. (2013). Test-Retest Reliability of Graph Metrics in Functional Brain Networks: A
Resting-State fNIRS Study

Abstract: Recent research has demonstrated the feasibility of combining functional near-infrared spectroscopy
(fNIRS) and graph theory approaches to explore the topological attributes of human brain networks. However,
the test-retest (TRT) reliability of the application of graph metrics to these networks remains to be elucidated.
Here, we used resting-state fNIRS and a graph-theoretical approach to systematically address TRT reliability as
it applies to various features of human brain networks, including functional connectivity, global network metrics
and regional nodal centrality metrics. Eighteen subjects participated in two resting-state fNIRS scan sessions
held ~20 min apart. Functional brain networks were constructed for each subject by computing temporal
correlations on three types of hemoglobin concentration information (HbO, HbR, and HbT). This was followed by
a graph-theoretical analysis, and then an intraclass correlation coefficient (ICC) was further applied to quantify
the TRT reliability of each network metric. We observed that a large proportion of resting-state functional
connections (~90%) exhibited good reliability (0.6< ICC <0.74). For global and nodal measures, reliability was
generally threshold-sensitive and varied among both network metrics and hemoglobin concentration signals.
Specifically, the majority of global metrics exhibited fair to excellent reliability, with notably higher ICC values
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for the clustering coefficient (HbO: 0.76; HbR: 0.78; HbT: 0.53) and global efficiency (HbO: 0.76; HbR: 0.70; HbT:
0.78). Similarly, both nodal degree and efficiency measures also showed fair to excellent reliability across nodes
(degree: 0.52~0.84; efficiency: 0.50~0.84); reliability was concordant across HbO, HbR and HbT and was
significantly higher than that of nodal betweenness (0.28~0.68). Together, our results suggest that most graphtheoretical network metrics derived from fNIRS are TRT reliable and can be used effectively for brain network
research. This study also provides important guidance on the choice of network metrics of interest for future
applied research in developmental and clinical neuroscience.

89.

Yennu et al. (2013). A Preliminary Investigation of Human Frontal Cortex Under Noxious
Thermal Stimulation Over the Temporomandibular Joint Using Functional Near Infrared
Spectroscopy

Abstract: Functional near infrared spectroscopy (fNIRS) was used to explore hemodynamic responses in the
human frontal cortex to noxious thermal stimulation over the right temporomandibular joint (TMJ). fNIRS
experiments were performed on nine healthy volunteers under both low-pain stimulation (LPS) and high-pain
stimulation (HPS), using a temperature-controlled thermal stimulator. By analyzing the temporal profiles of
changes in oxy-hemoglobin concentration (HbO) using cluster-based statistical tests, several regions of interest
in the prefrontal cortex, such as the dorsolateral prefrontal cortex and the anterior prefrontal cortex, were
identified, where significant differences (p < .05) between HbO responses to LPS and HPS were shown. In order
to classify these two levels of pain, a neural network-based classification algorithm was utilized. With leave-oneout cross-validation, the two levels of pain were identified with 99% mean accuracy to high pain. Furthermore,
the “internal mentation hypothesis” and the default-mode network were introduced to explain our observations
of the contrasting trend, as well as the rise and fall of HbO responses to HPS and LPS.

90.

Niu et al. (2013). Resting-State Functional Brain Connectivity Lessons from Functional NearInfrared Spectroscopy

Abstract: Resting-state functional near-infrared spectroscopy (R-fNIRS) is an active area of interest and is
currently attracting considerable attention as a new imaging tool for the study of resting-state brain function.
Using variations in hemodynamic concentration signals, R-fNIRS measures the brain’s low-frequency
spontaneous neural activity, combining the advantages of portability, low-cost, high temporal sampling rate and
less physical burden to participants. The temporal synchronization of spontaneous neuronal activity in
anatomically separated regions is referred to as resting-state functional connectivity (RSFC). In the past several
years, an increasing body of R-fNIRS RSFC studies has led to many important findings about functional
integration among local or whole-brain regions by measuring inter-regional temporal synchronization. Here, we
summarize recent advances made in the R-fNIRS RSFC methodologies, from the detection of RSFC (e.g., seedbased correlation analysis, independent component analysis, whole-brain correlation analysis, and graphtheoretical topological analysis), to the assessment of RSFC performance (e.g., reliability, repeatability, and
validity), to the application of RSFC in studying normal development and brain disorders. The literature
reviewed here suggests that RSFC analyses based on R-fNIRS data are valid and reliable for the study of brain
function in healthy and diseased populations, thus providing a promising imaging tool for cognitive science and
clinics.
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91.

Lopez et al. (2013). Cerebral oxygen desaturation monitored by intraoperative near-infrared
spectroscopy, and incidence of post-operative cognitive dysfunction: a systematic review
protocol

Abstract: The objective of this systematic review is to determine if there is a direct relationship between
cerebral oxygen desaturation using intraoperative near-infrared spectroscopy monitoring, and the incidence of
post-operative cognitive dysfunction (POCD).

92.

Hamaoka (2013). Muscle oxygenation monitoring using near-infrared spectroscopy

Abstract: Near-infrared spectroscopy (NIRS) has been a useful method for the detection of changes in in vivo
muscle oxygenation and oxidative metabolism in healthy subjects as well as in patients with various diseases.
The advantage of using NIRS over other invasive techniques is that the device itself is more portable and the
procedure can be performed more simply. So far, commercially available single-distance continuous wave NIRS
(NIRSSDCW) device provide only the relative values of tissue oxygenation mainly due to the unknown path of
NIR light through biological tissues. In particular, subcutaneous adipose tissue thickness greatly influences the
light pathlength and makes it difficult to quantify tissue oxygenation. Alternatively, the arterial occlusion and
sensitivity correction approach using NIRSSDCW and the pathlength determination using sophisticated timeresolved or phase-modulated spectroscopy could estimate the absolute value of tissue oxygenation. This paper
aims at reviewing primarily NIRSSDCW studies for evaluating skeletal muscle oxygenation and oxidative
metabolism, specifically in physiological and medical research area.

93.

Morita et al. (2013). The Relationship between Muscle Weakness and Activation of the Cerebral
Cortex Early after Unicompartmental Knee Arthroplasty

Abstract: [Purpose] This study investigated the relationship between muscle weakness and activation of the
cerebral cortex in the early period after unicompartmental knee arthroplasty (UKA). [Subjects] The subjects
were 11 patients who underwent UKA. [Methods] They performed maximum isometric knee extension using a
muscle force measurement device before, and 1 and 2 weeks after UKA. They were simultaneously measured for
changes in the concentrations of oxyhemoglobin, deoxyhemoglobin, and total hemoglobin in the bilateral
sensorimotor leg areas using functional multi-channel near-infrared spectroscopy. [Results] The muscle force
decreased after UKA, and the active region of the sensorimotor leg area also narrowed. The severity of knee pain
with muscle contraction 2 weeks after UKA did not change significantly compared with the preoperative level.
[Conclusions] The patients treated with UKA displayed early postoperative muscle weakness, and the bilateral
sensorimotor areas that were activated during maximum isometric knee extension were narrowed, suggesting
that early postoperative muscle weakness is influenced by the central nervous system.

94.

Hagen et al. (2013). Activation during the Trail Making Test measured with functional nearinfrared spectroscopy in healthy elderly subjects

Abstract: Cognitive decline is very common in age and particularly in subjects with neurodegenerative
conditions. Besides memory and language, executive functions are very often affected in elderly and patients
with Alzheimer's disease or Parkinson's disease. However, the neural alterations associated with these executive
deficits are still not fully understood. Therefore, we measured cortical activation using functional near-infrared
spectroscopy (fNIRS) in 16 healthy elderly subjects (50–75 years) performing the Trail Making Test (TMT), a
widely used neuropsychological instrument measuring executive function. In line with previous studies focusing
on younger subjects, the results showed frontal activation during the TMT A and the TMT B in the dorsolateral
prefrontal cortex, the frontopolar area and also Broca's area. Furthermore, significant activation in the left
32

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 1, Issue 3 (July-September 2013)

motor, somatosensory cortices and somatosensory association cortices was demonstrated. Additionally, after a
median split the differences between younger (< 58 years) and older (> 58 years) subjects were analyzed with the
older subjects showing a less focused prefrontal activation. Altogether, fNIRS was found to be suitable to detect
cortical activation in elderly subjects during performance of the TMT as well as aging-related differences in
prefrontal activation topography. These neural correlates of executive functions should be further investigated
as a potential prodromal neural marker of executive deficits and neurodegenerative processes.

95.

Kopf et al. (2013). The Effect of Emotional Content on Brain Activation and the Late Positive
Potential in a Word n-back Task

Abstract: Introduction: There is mounting evidence for the influence of emotional content on working memory
performance. This is particularly important in light of the emotion processing that needs to take place when
emotional content interferes with executive functions. In this study, we used emotional words of different
valence but with similar arousal levels in an n-back task.
Methods: We examined the effects on activation in the prefrontal cortex by means of functional near-infrared
spectroscopy (fNIRS) and on the late positive potential (LPP). FNIRS and LPP data were examined in 30 healthy
subjects.
Results: Behavioral results show an influence of valence on the error rate depending on the difficulty of the task:
more errors were made when the valence was negative and the task difficult. Brain activation was dependent
both on the difficulty of the task and on the valence: negative valence of a word diminished the increase in
activation, whereas positive valence did not influence the increase in activation, while difficulty levels increased.
The LPP also differentiated between the different valences, and in addition was influenced by the task difficulty,
the more difficult the task, the less differentiation could be observed.
Conclusions: Summarized, this study shows the influence of valence on a verbal working memory task. When a
word contained a negative valence, the emotional content seemed to take precedence in contrast to words
containing a positive valence. Working memory and emotion processing sites seemed to overlap and compete for
resources even when words are carriers of the emotional content.

96.

Sun et al. (2013). Correlation between hemodynamic and electrophysiological signals dissociates
neural correlates of conflict detection and resolution in a Stroop task: a simultaneous nearinfrared spectroscopy and event-related potential study

Abstract: Conflict processing is crucial for humans and has been investigated using hemodynamic and
electrophysiological measures. However, because most previous research has studied hemodynamic and
electrophysiological measures separately, the relationship between these two measures in conflict processing is
poorly understood. In our study, we measure near-infrared spectroscopy (NIRS) and event-related potential
(ERP) signals simultaneously in a Chinese color-word matching Stroop task and examine the relationship
between the conflict-related hemodynamic signal in the prefrontal cortex (PFC) and electrophysiological signal.
The results show significant Stroop effects for behavioral, NIRS (oxy-hemoglobin: HbO 2 ), and ERP [N450, late
positive complex (LPC)] data. The significant N450 Stroop effect occurs before the behavioral response to
incongruent stimuli, while the evident LPC Stroop effect occurs after it, suggesting that only N450 is associated
with conflict processing. Additionally, N450 Stroop effects during the early and later phases are negatively
correlated with HbO 2 Stroop effects in the left PFC and in the bilateral PFC, respectively. These results
suggest that N450 reflects conflict detection and resolution, the left PFC may be involved in conflict detection,
and the bilateral PFC is engaged in conflict resolution. Overall, the analysis of the correlation between
hemodynamic and electrophysiological signals is useful for studying human brain function.
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97.

Mazurenka et al. (2013). Non-contact in vivo diffuse optical imaging using a time-gated scanning
system

Abstract: We report on the design and first in vivo tests of a novel non-contact scanning imaging system for
time-domain near-infrared spectroscopy. Our system is based on a null source-detector separation approach and
utilizes polarization-selective detection and a fast-gated single-photon avalanche diode to record late photons
only. The in-vivo tests included the recording of hemodynamics during arm occlusion and two brain activation
tasks. Localized and non-localized changes in oxy- and deoxyhemoglobin concentration were detected for motor
and cognitive tasks, respectively. The tests demonstrate the feasibility of non-contact imaging of absorption
changes in deeper tissues.

98.

Kakuta et al. (2013). Usefulness of central venous oxygen saturation monitoring during
bidirectional Glenn shunt

Abstract: A PediaSatTM oximetry catheter (PediaSat : Edwards Lifesciences Co., Ltd., Irvine, CA, U.S.A.),
which facilitates continuous measurement of central venous oxygen saturation (ScvO2), may be useful for
surgery for pediatric congenital heart disease. We used PediaSat during a bidirectional Glenn shunt. The patient
was a 13-month-old boy. Under a diagnosis of left single ventricle (pulmonary atresia, right ventricular
hypoplasia, atrial septal defect) and residual left aortic arch/left superior vena cava, a modified right BlalockTaussig shunt was performed. Cyanosis deteriorated, so a bidirectional Glenn shunt was scheduled. After
anesthesia induction, a 4.5 Fr double-lumen (8 cm) PediaSat was inserted through the right internal jugular
vein for continuous ScvO2 monitoring. Furthermore, the probe of a near-infrared, mixed blood oxygen
saturation-measuring monitor was attached to the forehead for continuous monitoring of the regional brain
tissue mixed blood oxygen saturation (rSO2) (INVOSTM 5100C, Covidien ; Boulder, CO, U.S.A.). Blockage of the
right pulmonary artery and right superior vena cava decreased the oxygen saturation, ScvO2, and rSO2, but
increased the central venous pressure. Although changes in ScvO2 were parallel to those in rSO2, the former
showed more marked changes. A combination of ScvO2 and rSO2 for monitoring during Glenn shunt may be
safer.

99.

Rupp et al. (2013). Cerebral hemodynamic and ventilatory responses to hypoxia, hypercapnia,
and hypocapnia during 5 days at 4,350 m

Abstract: This study investigated the changes in cerebral near-infrared spectroscopy (NIRS) signals,
cerebrovascular and ventilatory responses to hypoxia and CO2 during altitude exposure. At sea level (SL), after
24 hours and 5 days at 4,350 m, 11 healthy subjects were exposed to normoxia, isocapnic hypoxia, hypercapnia,
and hypocapnia. The following parameters were measured: prefrontal tissue oxygenation index (TOI), oxy(HbO2), deoxy- and total hemoglobin (HbTot) concentrations with NIRS, blood velocity in the middle cerebral
artery (MCAv) with transcranial Doppler and ventilation. Smaller prefrontal deoxygenation and larger ΔHbTot
in response to hypoxia were observed at altitude compared with SL (day 5: ΔHbO2−0.6±1.1 versus
−1.8±1.3 μmol/cmper mm Hg and ΔHbTot 1.4±1.3 versus 0.7±1.1 μmol/cm per mm Hg). The hypoxic MCAv and
ventilatory responses were enhanced at altitude. Prefrontal oxygenation increased less in response to
hypercapnia at altitude compared with SL (day 5: ΔTOI 0.3±0.2 versus 0.5±0.3% mm Hg). The hypercapnic
MCAv and ventilatory responses were decreased and increased, respectively, at altitude. Hemodynamic
responses to hypocapnia did not change at altitude. Short-term altitude exposure improves cerebral oxygenation
in response to hypoxia but decreases it during hypercapnia. Although these changes may be relevant for
conditions such as exercise or sleep at altitude, they were not associated with symptoms of acute mountain
sickness.
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100. Amemiya et al. (2013). Cerebral Hemodynamic Impairment: Assessment with Resting-State
Functional MR Imaging
Abstract: Purpose: To test the feasibility of noninvasive global assessment of cerebral hemodynamic
impairment with use of resting-state blood oxygenation level–dependent functional magnetic resonance (MR)
imaging.
Materials and Methods: In this institutional review board–approved study, five patients with chronic
hypoperfusion without neurologic impairment and six patients with acute stroke underwent 10-minute restingstate functional MR imaging and dynamic susceptibility-weighted contrast-enhanced perfusion MR imaging,
which was considered the standard of reference. All patients gave informed consent. The temporal shift of lowfrequency signal fluctuations in each voxel compared with the averaged whole brain or global mean signal at
resting-state functional MR imaging and the delay in time to peak at dynamic susceptibility-weighted contrastenhanced perfusion imaging were computed with voxel-wise analysis. The similarity of the temporal delay maps
obtained with resting-state functional MR imaging and perfusion data, as well as the stability of the restingstate functional MR imaging measurement, were evaluated with the Dice similarity coefficient (DSC) and the
two-tailed t test (random-effect analysis).
Results: The brain tissue with normal perfusion at dynamic susceptibility-weighted contrast-enhanced imaging
showed no delay to global mean signal at resting-state functional MR imaging, whereas areas of abnormal
perfusion with delayed time to peak (3.4 seconds ± 2.1) showed a delay at resting-state functional MR imaging
that was similar to the time to peak at dynamic susceptibility-weighted contrast-enhanced perfusion imaging,
both in spatial coverage (mean DSC, 0.57 ± 0.16) and tendency (t = 5.1, P < .001). Resting-state functional MR
imaging measurements were highly stable (mean DSC, 0.83 ± 0.12).
Conclusion: Resting-state functional MR imaging temporal-shift analysis can noninvasively demonstrate the
extent and degree of perfusion delay in patients with hypoperfusion both with and without neurologic deficit.

101. Re et al. (2013). Multi-channel medical device for time domain functional near infrared
spectroscopy based on wavelength space multiplexing
Abstract: We have designed a compact dual wavelength (687 nm, 826 nm) multi-channel (16 sources, 8
detectors) medical device for muscle and brain imaging based on time domain functional near infrared
spectroscopy. The system employs the wavelength space multiplexing approach to reduce wavelength cross-talk
and increase signal-to-noise ratio. System performances have been tested on homogeneous and heterogeneous
tissue phantoms following specifically designed protocols for photon migration instruments. Preliminary in vivo
measurements have been performed to validate the instrument capability to monitor hemodynamic parameters
changes in the arm muscle during arterial occlusion and in the adult head during a motor task experiment.

102. Rupp et al. (2013). Tissue deoxygenation kinetics induced by prolonged hypoxic exposure in
healthy humans at rest
Abstract: This study aimed to investigate the effects of sustained hypoxic exposure on cerebral and muscle
oxygenation and cardiorespiratory function at rest. Eleven healthy subjects inhaled a normobaric hypoxic (FiO 2
=0.12 ) or normoxic (FiO 2 =0.21 ) gas mixture for 4 h at rest, on two separated blinded sessions. Arterial oxygen
saturation (SpO 2 ), heart rate variability (HRV), end-tidal CO 2 (EtCO 2 ), and oxygenation of quadriceps
muscle, prefrontal and motor cortices assessed by near-infrared spectroscopy (NIRS) were measured
continuously during each session. Acute mountain sickness symptoms were evaluated at the end of each session.
During a hypoxic session, SpO 2 reduction (∼13% ) plateaued after 20 min, while deoxygenation pattern took 30
to 40 min at the cerebral sites to plateau (+5.3±1.6 μMol of deoxygenated-hemoglobin). Deoxygenation was more
pronounced in the cerebral cortex compared to the muscle (+2.1±2.3 μMol of deoxygenated-hemoglobin), and
NIRS-derived tissue perfusion index showed distinct profiles between the muscle (hypoperfusion) and the brain
(hyperperfusion) with prolonged hypoxia. Changes in tissue oxygenation were not associated with
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cardiorespiratory responses (e.g., HRV, EtCO 2 ) and altitude sickness symptom appearance during hypoxic
sessions. These data demonstrate that sustained hypoxia elicits time delay in changes between arterial and
tissue (especially cerebral) oxygenation, as well as a tissue-specific sensitivity.

103. Zhu et al. (2013). Reduced interhemispheric functional connectivity of children with autism:
evidence from functional near infrared spectroscopy studies
Abstract: Autism spectrum disorder is a neuro-developmental disorder characterized by abnormalities of
neural synchronization. In this study, functional near infrared spectroscopy (fNIRS) is used to study the
difference in functional connectivity in left and right inferior frontal cortices (IFC) and temporal cortices (TC)
between autistic and typically developing children between 8-11 years of age. 10 autistic children and 10 typical
ones were recruited in our study for 8-min resting state measurement. Results show that the overall
interhemispheric correlation of HbO was significantly lower in autistic children than in the controls. In
particular, reduced connectivity was found to be most significant in TC area of autism. Autistic children lose the
symmetry in the patterns of correlation maps. These results suggest the feasibility of using the fNIRS method to
assess abnormal functional connectivity of the autistic brain and its potential application in autism diagnosis.

104. Boone et al. (2013). Forearm muscle oxygenation responses during and following arterial
occlusion in patients with mitochondrial myopathy
Abstract: The aim was to study whether mitochondrial myopathy induces different oxygenation (deoxy[Hb+Mb]
and oxy[Hb+Mb]) responses during and following arterial occlusion. In 10 mitochondrial myopathy patients
(MMpatients) (age: 29 ± 7 years; body mass: 59.9 ± 15.7 kg; heigth: 166.2 ± 11.4 cm) and age- and gendermatched healthy subjects (age: 28 ± 9 years; body mass: 72.7 ± 16.9 kg; height: 174.4 ± 8.7 cm) arterial occlusion
was performed by inflating a cuff to 240 mmHg. Deoxy[Hb+Mb] and oxy[Hb+Mb] were registered during (AOoxy
and AOdeoxy) and following (POdeoxy and POoxy) arterial occlusion. Amplitude of AOdeoxy did not differ (p =
0.47) between MMpatients (44.9 ± 28.0 μM) and healthy subjects (38.6 ± 22.8 μM), The time constant of the
exponential model was greater in MMpatients (263.4 ± 49.1 s vs. 200.3 ± 73.7 s, p = 0.03). Following cuff release,
in both populations a transient increase in total[Hb+Mb] was observed induced by different kinetics of POoxy
and POdeoxy. The increase in POoxy (TD = 6.6 ± 2.2 s and 11.9 ± 3.5 s; τ = 3.8 ± 1.4 s and 6.4 ± 2.9 s for
MMpatients and healthy subjects, respectively) was faster (p < 0.001 for TD and τ) compared to the decrease in
POdeoxy (TD = 13.2 ± 3.6 s and 26.5 ± 4.6 s; τ = −6.2 ± 2.2 s and −9.6 ± 2.4 s for MMpatients and healthy
subjects, respectively). POoxy and POdeoxy showed faster kinetics (p < 0.001 and p < 0.01 for TD and τ,
respectively) in MMpatients compared to healthy subjects. MMpatients display altered oxygenation responses
during and following arterial occlusion reflecting pathology related changes in the relationship between muscle
blood flow and oxygen uptake.

105. Silva et al. (2013). The effect of high doses of remifentanil in brain near-infrared spectroscopy
and in electroencephalographic parameters in pigs
Abstract: Objective: To study the effects of a high remifentanil bolus dose on pig's electroencephalographic
indices and on brain regional and global oxygenation.
Study design: Prospective experimental study.
Animals: Twelve healthy Large-White male pigs, age 3 months and weight 26.2 ± 3.6 kg.
Methods: Anaesthesia was induced with intravenous propofol 4 mg kg−1, then maintained with constant rate
infusions of propofol (15 mg kg−1 hour−1) and remifentanil (0.3 μg kg−1 minute−1). Following instrumentation,
all pigs received a 5 μg kg−1 remifentanil bolus. The responses of jugular venous oxygen saturation, cardiac
output and cerebral oxygen saturation to the remifentanil bolus were studied. The Bispectral index, spectral
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edge frequency 95%, total power, approximate entropy and permutation entropy were also studied. Repeated
measures anova and Pearson correlation were used to analyze the effect of remifentanil bolus on these variables
until 5 minutes after the bolus.
Results: Cardiac output and cerebral oxygen saturation decreased significantly after the remifentanil bolus from
4.6 ± 0.9 to 3.8 ± 1.0 L minute−1 and from 65 ± 6 to 62 ± 1% (p < 0.05), respectively. No significant changes were
observed in the jugular venous oxygen saturation (p > 0.05) nor in any of the electroencephalogram derived
indices (p > 0.05). Correlation analysis revealed strong positive significant correlations between cerebral oxygen
saturation and cardiac output (r = 0.82, p < 0.001) and between cerebral oxygen saturation and approximate
entropy (r = 0.65, p < 0.001).
Conclusions and Clinical Relevance: The effect caused by the remifentanil bolus on the brain oxygenation seems
to be better reflected by the cerebral oxygen saturation than the jugular venous oxygen saturation. The effect of
remifentanil on the electroencephalogram may not be reflected in indices derived from the
electroencephalogram, but the potential of the approximate entropy in reflecting changes caused by opioids on
the electroencephalogram should be further investigated.

106. Merzagora et al. (2013). Verbal working memory impairments following traumatic brain injury:
an fNIRS investigation
Abstract: The construct of working memory and its reliance on dorsolateral prefrontal cortex (DLPFC) have
been the focus of many studies in healthy subjects and in clinical populations. However, transfer of knowledge
gained from cognitive science studies to clinical applications can be a challenging goal. This scarce crossdissemination may be partially due to the use of ‘tools’ that are limited in their ability to generate meaningful
information about impairments in clinical groups. To this end, this paper investigates the use of functional nearinfrared spectroscopy (fNIRS), which offers unique opportunities for recording neuroactivation. Specifically, we
examine measures of the DLPFC hemodynamic response during a working memory task in adults with
traumatic brain injury (TBI) and healthy controls. Analysis of hemodynamic measures showed significant
differences between the two groups, even without differences in behavioral performance. Additional subtle
disparities were linked to levels of performance in TBI and healthy subjects. fNIRS hemodynamic measures may
therefore provide novel information to existing theories and knowledge of the working memory construct. Future
studies may further define these subtle differences captured by fNIRS to help identify which components affect
inter-individual variations in performance and could play a contributing role in the choice and planning of
neurorehabilitation interventions targeting working memory.

107. Ebihara et al. (2013). Detection of cerebral ischemia using the power spectrum of the pulse wave
measured by near-infrared spectroscopy
Abstract: The diagnosis and medical treatment of cerebral ischemia are becoming more important due to the
increase in the prevalence of cerebrovascular disease. However, conventional methods of evaluating cerebral
perfusion have several drawbacks: they are invasive, require physical restraint, and the equipment is not
portable, which makes repeated measurements at the bedside difficult. An alternative method is developed using
near-infrared spectroscopy (NIRS). NIRS signals are measured at 44 positions (22 on each side) on the frontotemporal areas in 20 patients with cerebral ischemia. In order to extract the pulse-wave component, the raw
total hemoglobin data recorded from each position are band-pass filtered (0.8 to 2.0 Hz) and subjected to a fast
Fourier transform to obtain the power spectrum of the pulse wave. The ischemic region is determined by singlephoton emission computed tomography. The pulse-wave power in the ischemic region is compared with that in
the symmetrical region on the contralateral side. In 17 cases (85%), the pulse-wave power on the ischemic side is
significantly lower than that on the contralateral side, which indicates that the transmission of the pulse wave is
attenuated in the region with reduced blood flow. Pulse-wave power might be useful as a noninvasive marker of
cerebral ischemia.
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108. Hill et al. (2013). Prefrontal Cortex Activity During Walking While Multitasking - An fNIR Study
Abstract: Previous work has demonstrated that walking while carrying out secondary cognitive tasks (e.g.,
talking on a cell phone) can lead to decrements in performance on both tasks. Studying these decrements in an
ecologically valid setting has generally been limited to behavioral data (e.g., error rates, task completion times).
Recently, the advent of portable neuroimaging technology – specifically, functional Near-Infrared spectroscopy
(fNIR) – has made it possible to measure cortical activity while a participant is walking. We conducted an
experiment using fNIR to measure cortical blood flow (in dorsolateral prefrontal cortex) while participants
walked and carried out cognitive tasks of varying difficulty. Participants walked 25 feet on each trial, and
performed either a low-load condition (counting backward by 1), or a high-load condition (counting backward by
7). Participants in the high load condition walked more slowly and performed the counting task more slowly and
with more errors than those in the low load condition. fNIR results indicated a higher level of Prefrontal Cortex
(PFC) activity during the high load condition. The difference in blood flow between load conditions was slightly
more pronounced in the left hemisphere than in the right.

109. Dias et al. (2013). Pressures, Flow, and Brain Oxygenation During Plateau Waves of Intracranial
Pressure
Abstract: Background: Plateau waves are common in traumatic brain injury. They constitute abrupt increases
of intracranial pressure (ICP) above 40 mmHg associated with a decrease in cerebral perfusion pressure (CPP).
The aim of this study was to describe plateau waves characteristics with multimodal brain monitoring in head
injured patients admitted in neurocritical care.
Methods: Prospective observational study in 18 multiple trauma patients with head injury admitted to
Neurocritical Care Unit of Hospital Sao Joao in Porto. Multimodal systemic and brain monitoring of primary
variables [heart rate, arterial blood pressure, ICP, CPP, pulse amplitude, end tidal CO2, brain temperature,
brain tissue oxygenation pressure, cerebral oximetry (CO) with transcutaneous near-infrared spectroscopy and
cerebral blood flow (CBF)] and secondary variables related to cerebral compensatory reserve and cerebrovascular
reactivity were supported by dedicated software ICM+ (www.neurosurg.cam.ac.uk/icmplus). The compiled data
were analyzed in patients who developed plateau waves.
Results: In this study we identified 59 plateau waves that occurred in 44 % of the patients (8/18). During plateau
waves CBF, cerebrovascular resistance, CO, and brain tissue oxygenation decreased. The duration and
magnitude of plateau waves were greater in patients with working cerebrovascular reactivity. After the end of
plateau wave, a hyperemic response was recorded in 64 % of cases with increase in CBF and brain oxygenation.
The magnitude of hyperemia was associated with better autoregulation status and low oxygenation levels at
baseline.
Conclusions: Multimodal brain monitoring facilitates identification and understanding of intrinsic vascular brain
phenomenon, such as plateau waves, and may help the adequate management of acute head injury at bed side.

110. Seyal (2013). Frontal hemodynamic changes precede EEG onset of temporal lobe seizures
Abstract: Objective: A preictal state exists minutes or hours prior to the clinical seizure. We investigated
whether hemodynamic changes preceding temporal lobe seizures were detectable in frontal scalp recordings
using near-infrared spectroscopy (NIRS). Patients undergoing video-EEG telemetry (VET) were studied.
Methods: A NIRS sensor was placed over the frontal scalp ipsilateral to the patient’s first recorded seizure.
Regional cerebral oxygenation (rSO2) was recorded synchronously with VET data and peripheral oxygen
saturation (SaO2). Periictal changes in rSO2 were compared with baseline interictal rSO2.
Results: Eleven seizures were recorded in six patients. A mean peak preictal increase in rSO2 of 7.1% from the
interictal baseline (p < 0.001) occurred at a mean peak latency of 298.9 s before seizure onset. rSO2 then
decreased around seizure onset. SaO2 nadir occurred at a mean latency of 62 s following rSO2 nadir. A postictal
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increase in rSO2 occurred with a mean duration of about 35 min. Periictal rSO2 changes occurred with both ipsi
and contralateral temporal lobe seizures.
Conclusion: We have shown that preictal changes in cerebral oxygenation occur with a mean peak latency of
about 4.98 min before seizure onset.
Significance: NIRS has the potential for providing a noninvasively detected signal of an imminent seizure.

111. Bembich et al. (2013). Functional Neuroimaging of Breastfeeding Analgesia by Multichannel
Near-Infrared Spectroscopy
Abstract: Background: Newborns perceive pain, and several non-pharmacologic analgesic methods have been
used during painful procedures. Activation of the neonatal somatosensory cortex, in association with a painful
procedure without analgesia, has been demonstrated by two-channel near-infrared spectroscopy (NIRS).
Objectives: To evaluate both cortical and behavioural responses of healthy term newborns to a painful procedure
during two non-pharmacologic analgesic interventions, i.e. glucose solution and breastfeeding. Methods: The
effects of glucose and breastfeeding on pain-associated neonatal cortical activity were studied in two groups (n =
30) by multichannel NIRS during a heel prick. Cortical activation was identified by variations in oxygenated
haemoglobin. Neonatal pain expression was assessed by a validated scale. Results: No significant variations in
cortical activity emerged using glucose solution, whereas breastfed newborns showed widespread cortical
activation. Breastfed neonates showed significantly less behavioural pain expression. Conclusions: Glucose is
associated with no significant cortical activation and may interfere with pain-associated response at the cortical
level. Conversely, breastfeeding analgesia is associated with generalized cortical activation and may act by
multisensory stimulation, possibly overwhelming pain perception.

112. Amano et al. (2013). Brain Activity Measured With Near-Infrared Spectroscopy During EMDR
Treatment of Phantom Limb Pain
Abstract: This report describes a female client with phantom limb pain (PLP), who was successfully treated by
eye movement desensitization and reprocessing (EMDR) using a PLP protocol, as well as her cerebral activities,
measured by near-infrared spectroscopy (NIRS), throughout the therapeutic session. She suffered from paralysis
in the left lower limb because of sciatic nerve damage caused by a surgical accident, in which she awoke
temporarily from anesthesia during surgery and felt intense fear. When recalling this experience, the superior
temporal sulcus was activated. However, at the end of the session, her PLP was almost eliminated, with a
generalized decrease in cerebral blood flow. This case suggests the possibility of involvement of a posttraumatic
stress disorder (PTSD)-like mechanism in the pathogenesis of PLP, as well as the possible efficacy of EMDR for
this type of PLP.

113. Sato et al. (2013). Estimating the absorption coefficient of the bottom layer in four-layered
turbid mediums based on the time-domain depth sensitivity of near-infrared light reflectance
Abstract: Expanding our previously proposed “time segment analysis” for a two-layered turbid medium, this
study attempted to selectively determine the absorption coefficient (μ a ) of the bottom layer in a four-layered
human head model with time-domain near-infrared measurements. The difference curve in the temporal profiles
of the light attenuation between an object and a reference medium, which are obtained from Monte Carlo
simulations, is divided into segments along the time axis, and a slope for each segment is calculated to obtain the
depth-dependent μ a (μ seg a ) . The reduced scattering coefficient (μ s ′ ) of the reference is determined by curve
fitting with the temporal point spread function derived from the analytical solution of the diffusion equation to
the time-resolved reflectance of the object. The deviation of μ seg a from the actual μ a is expressed by a
function of the ratio of μ seg a in an earlier time segment to that in a later segment for mediums with different
optical properties and thicknesses of the upper layers. Using this function, it is possible to determine the μ a of
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the bottom layer in a four-layered epoxy resin-based phantom. These results suggest that the method reported
here has potential for determining the μ a of the cerebral tissue in humans.

114. Kamrani et al. (2013). Low-Noise, High-Gain TIA Integrated with CMOS APD for Low-Intensity
Light Detection in Near-Infrared Spectroscopy
Abstract: A fully integrated near-infrared spectroscopy (NIRS) Photoreceiver including two new silicon
avalanche photodiodes (SiAPDs) and a new transimpedance amplifier (TIA) is proposed in this paper. SiAPDs
are designed in p+/n-well structure with guard-rings realized in different shapes. The TIA front-end has been
designed using distributed-gain concept combined with resistive-feedback and common-gate topology to reach
low-noise, low-power consumption, high gain-bandwidth product (GBW) characteristics and it is robust against
powersupply variation (1V-3V). This circuit is developed using 0.35μm CMOS technology and the measurement
results are compared with other results from the literature. The designed rectangular and octagonal SiAPDs
have the avalanche gain of 100 and 45 with the breakdown voltage of 9V and 6V and the photon absorption
efficiency of 45% and 25% at 800nm. Fabricated TIA offers high-transimpedance gain (up to 250MV/A), tunable
BW (1kHz-1GHz), extremely low input and output noises (100fA/√Hz, 1.8μV/√Hz) and low-power consumption
(0.8mW). The impact and effects of on-chip integration of SiAPD and TIA front-end have been also measured and
evaluated.

115. Korhonen et al. (2013). Light propagation in near-infrared spectroscopy of the human brain
Abstract: In study of the brain, oxygenation changes in the cerebral cortex are of great interest, since the
concentrations of oxyhaemoglobin and deoxyhaemoglobin change due to coupling of hemodynamics to cortical
neural activity. In order to noninvasively monitor oxygenation in the cerebral cortex by nearinfrared
spectroscopy (NIRS), light should penetrate into brain tissue to a depth of approximately 1 – 2 cm. Many studies
show that by increasing the source-detector distance, illuminating light penetrates deeper into brain tissue.
Using tissue-mimicking phantom measurements, forehead in vivo measurements and Monte Carlo (MC)
simulations, this paper estimates light propagation in the brain and the minimum source-detector distance to
allow sensing of the cerebral cortex. We present optical sensing of a pulsating aqueous Intralipid suspension in a
vessel located at different depths within a multilayered phantom of the human forehead. Experimental results
are compared with Monte Carlo simulations accounting for the optical properties of the phantom. The thickness
and morphology of the different tissue layers were obtained from an anatomical magnetic resonance (MR) image
of a test subject’s head. Results from these three methods correlate with each other and show that the brain
cortex can be sensed with optical methods based on NIRS.

116. Cao et al. (2013). Test–retest reliability of fMRI-based graph theoretical properties during
working memory, emotion processing, and resting state
Abstract: The investigation of the brain connectome with functional magnetic resonance imaging (fMRI) and
graph theory analyses has recently gained much popularity, but little is known about the robustness of these
properties, in particular those derived from active fMRI tasks. Here, we studied the test–retest reliability of
brain graphs calculated from 26 healthy participants with three established fMRI experiments (n-back working
memory, emotional face-matching, resting state) and two parcellation schemes for node definition (AAL atlas,
functional atlas proposed by Power et al.). We compared the intra-class correlation coefficients (ICCs) of five
different data processing strategies and demonstrated a superior reliability of task-regression methods with
condition-specific regressors. The between-task comparison revealed significantly higher ICCs for resting state
relative to the active tasks, and a superiority of the n-back task relative to the face-matching task for global and
local network properties. While the mean ICCs were typically lower for the active tasks, overall fair to good
reliabilities were detected for global and local connectivity properties, and for the n-back task with both atlases,
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smallworldness. For all three tasks and atlases, low mean ICCs were seen for the local network properties.
However, node-specific good reliabilities were detected for node degree in regions known to be critical for the
challenged functions (resting-state: default-mode network nodes, n-back: fronto-parietal nodes, face-matching:
limbic nodes). Between-atlas comparison demonstrated significantly higher reliabilities for the functional
parcellations for global and local network properties. Our findings can inform the choice of processing strategies,
brain atlases and outcome properties for fMRI studies using active tasks, graph theory methods, and withinsubject designs, in particular future pharmaco-fMRI studies.

117. Bauernfeind et al. (2013). Physiological noise removal from fNIRS signals
Abstract: In the present study we report on the reduction of physiological rhythms in hemodynamic ((de)oxyHb) signals recorded with functional near-infrared spectroscopy (fNIRS). We investigated the use of three
different signal processing approaches (spatial filtering, adaptive filtering and transfer function (TF) models) to
reduce the influence of respiratory and blood pressure rhythms on the hemodynamic responses. The results show
that all three methods are promising for reducing the influence from oxy-Hb signals, but only TF models fit for
deoxy-Hb signals.

118. Haginoya et al. (2013). The usefulness of subtraction ictal SPECT and ictal near-infrared
spectroscopic topography in patients with West syndrome
Abstract: The recent findings on subtraction ictal SPECT and ictal near-infrared spectroscopic topography in
patients with West syndrome were summarized and its availability for presurgical evaluation was discussed.
The subtraction ictal SPECT study in patients with West syndrome demonstrated the cortical epileptic region
and subcortical involvement, which may consist of epilepsy networks related to the spasms. Moreover,
subtraction ictal SPECT may have predictive power for short-term seizure outcome. Patients with a symmetric
hyperperfusion pattern are predicted to have a better seizure outcome, whereas patients with asymmetric
hyperperfusion pattern may develop poor seizure control. Importantly, asymmetric MRI findings had no
predictive power for seizure outcome. Multichannel near-infrared spectroscopic topography applied to the
patients with West syndrome detected an increase in regional cerebral blood volume in multiple areas which
were activated either simultaneously or sequentially during spasms. Topographic changes in cerebral blood
volume were closely correlated with spasm phenotype, suggesting that the cortex is involved in the generation of
spasms. In conclusion, subtraction ictal SPECT may be considered as a useful tool for presurgical evaluation of
patients with West syndrome and investigation of the pathophysiology of spasms. The ictal near-infrared
spectroscopic topography should be more investigated to see if this is useful tool for presurgical evaluation.

119. Miyazawa et al. (2013). Skin blood flow influences cerebral oxygenation measured by nearinfrared spectroscopy during dynamic exercise
Abstract: Purpose: Near-infrared spectroscopy (NIRS) is widely used to investigate cerebral oxygenation and/or
neural activation during physiological conditions such as exercise. However, NIRS-determined cerebral
oxygenated hemoglobin (O2Hb) may not necessarily correspond to intracranial blood flow during dynamic
exercise. To determine the selectivity of NIRS to assess cerebral oxygenation and neural activation during
exercise, we examined the influence of changes in forehead skin blood flow (SkBFhead) on NIRS signals during
dynamic exercise.
Methods: In ten healthy men (age: 20 ± 1 years), middle cerebral artery blood flow velocity (MCA V mean, via
transcranial Doppler ultrasonography), SkBFhead (via laser Doppler flowmetry), and cerebral O2Hb (via NIRS)
were continuously measured. Each subject performed 60 % maximum heart rate moderate-intensity steady-state
cycling exercise. To manipulate SkBFhead, facial cooling using a mist of cold water (~4 °C) was applied for 3 min
during steady-state cycling.
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Results: MCA V mean significantly increased during exercise and remained unchanged with facial cooling. O2Hb
and SkBFhead were also significantly increased during exercise; however, both of these signals were lowered
with facial cooling and returned to pre-cooling values with the removal of facial cooling. The changes in O2Hb
correlated significantly with the relative percent changes in SkBFhead in each individual (r = 0.71–0.99).
Conclusions: These findings suggest that during dynamic exercise NIRS-derived O2Hb signal can be influenced
by thermoregulatory changes in SkBFhead and therefore, may not be completely reflective of cerebral
oxygenation or neural activation.

120. Abdo et al. (2013). Near-infrared light penetration profile in the rodent brain
Abstract: Near-infrared (NIR) lasers find applications in neuro-medicine both for diagnostic and treatment
purposes. Penetration depth and profile into neural tissue are critical parameters to be considered in these
applications. Published data on the optical properties of rodent neural tissue are rare, despite the frequent use of
rats as an animal model. The aim of this study was to measure the light intensity profile inside the rat brain
using a direct method, while the medium is being illuminated by an NIR laser beam, and compare the results
with in vitro measurements of transmittance in the rat brain slices. The intensity profile along the vertical axis
had an exponential decline with multiple regions that could be approximated with different coefficients. The
Monte Carlo method that was used to simulate light–tissue interactions and predict the scattering coefficient of
brain tissue from the measurements suggested that more scattering occurred in deeper layers of the cortex. A
single scattering coefficient of 125 cm −1 was estimated for cortical layers from 300 to 1500 μm and a gradually
increasing value from 125 to 370 cm −1 for depths of 1500 to 3000 μm. The deviations of in vivo results from the
in vitro transmittance measurements, as well as the postmortem in vivo results from the alive measurements
were significant.

121. Jiang et al. (2013). Pilot study assessment of dynamic vascular changes in breast cancer with
near-infrared tomography from prospectively targeted manipulations of inspired end-tidal
partial pressure of oxygen and carbon dioxide
Abstract: The dynamic vascular changes in the breast resulting from manipulation of both inspired end-tidal
partial pressure of oxygen and carbon dioxide were imaged using a 30 s per frame frequency-domain nearinfrared spectral (NIRS) tomography system. By analyzing the images from five subjects with asymptomatic
mammography under different inspired gas stimulation sequences, the mixture that maximized tissue vascular
and oxygenation changes was established. These results indicate maximum changes in deoxy-hemoglobin,
oxygen saturation, and total hemoglobin of 21, 9, and 3%, respectively. Using this inspired gas manipulation
sequence, an individual case study of a subject with locally advanced breast cancer undergoing neoadjuvant
chemotherapy (NAC) was analyzed. Dynamic NIRS imaging was performed at different time points during
treatment. The maximum tumor dynamic changes in deoxy-hemoglobin increased from less than 7% at cycle 1,
day 5 (C1, D5) to 17% at (C1, D28), which indicated a complete response to NAC early during treatment and was
subsequently confirmed pathologically at the time of surgery.

122. Sato et al. (2013). Ictal near-infrared spectroscopy and electrocorticography study of
supplementary motor area seizures
Abstract: The seizure onset zone (SOZ) and propagation pathways in supplementary motor area (SMA)
seizures are difficult to identify because of the short duration and swift propagations of this seizure type. Herein,
we studied ictal cerebral blood flow changes, seizure electrical activities, and clinical signs employing
simultaneous near-infrared spectroscopy (NIRS) and electrocorticography (ECoG) recordings in a brain tumor
patient with SMA seizures. Increased cerebral blood flow was observed from the SOZ in the ipsilateral SMA and
spread to the ipsilateral premotor cortex, ipsilateral sensorimotor cortex, and also the contralateral hemisphere.
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These propagation patterns were concordant with ictal ECoG seizure activities and clinical signs. Removal of the
SOZ and surrounding areas, where the higher blood flow and higher frequency oscillations had been identified,
achieved a good outcome for this patient. Our ictal NIRS-ECoG technique is robust and useful for detecting the
SOZ and seizure propagations.

123. Zhang et al. (2013). Visible and near-infrared spectroscopy for distinguishing malignant tumor
tissue from benign tumor and normal breast tissues in vitro
Abstract: The high incidence and mortality of breast cancer requires an effective, rapid, and cost-effective
method for its diagnosis. Here, visible and near-infrared spectroscopy in the wavelength range of 400 to 2200 nm
is utilized for distinguishing the malignant tumor tissue from benign tumor and normal breast tissues. Based on
the absorption and scattering spectra of fixed samples, three spectral analysis methods are proposed which
include an absorption spectral analysis, a scattering spectral analysis, and a combined spectral analysis of the
two. By comparison with the histopathological examination, the sensitivity, specificity, and accuracy of the three
analysis methods are calculated. The results showed that the combined spectral analysis method can
significantly enhance the effectiveness when compared with the sole absorption or scattering spectral analysis
method. The sensitivity, specificity, and accuracy of the combined spectral analysis method are 100%, 87.82%,
and 87.50% for the benign tumor tissue and 81.82%, 100%, and 87.5% for malignant tumor tissue, respectively.
All of the three values are 100% for normal breast tissue. This study demonstrates that the combined spectral
analysis method has better potential for in vitro optical diagnosis for breast lesions.

124. Puszka et al. (2013). Time-resolved diffuse optical tomography using fast-gated single-photon
avalanche diodes
Abstract: We present the first experimental results of reflectance Diffuse Optical Tomography (DOT)
performed with a fast-gated single-photon avalanche diode (SPAD) coupled to a time-correlated single-photon
counting system. The Mellin-Laplace transform was employed to process time-resolved data. We compare the
performances of the SPAD operated in the gated mode vs. the non-gated mode for the detection and localization
of an absorbing inclusion deeply embedded in a turbid medium for 5 and 15 mm interfiber distances. We
demonstrate that, for a given acquisition time, the gated mode enables the detection and better localization of
deeper absorbing inclusions than the non-gated mode. These results obtained on phantoms demonstrate the
efficacy of time-resolved DOT at small interfiber distances. By achieving depth sensitivity with limited
acquisition times, the gated mode increases the relevance of reflectance DOT at small interfiber distance for
clinical applications.

125. He et al. (2013). Development of transrectal diffuse optical tomography combined with 3Dtransrectal ultrasound imaging to monitor the photocoagulation front during interstitial
photothermal therapy of primary focal prostate cancer
Abstract: Interstitial near-infrared laser thermal therapy (LITT) is currently undergoing clinical trials as an
alternative to watchful waiting or radical surgery in patients with low-risk focal prostate cancer. Currently, we
use magnetic resonance image (MRI)-based thermography to monitor treatment delivery and determine
indirectly the completeness of the target tissue destruction while avoiding damage to adjacent normal tissues,
particularly the rectal wall. However, incomplete tumor destruction has occurred in a significant fraction of
patients due to premature termination of treatment, since the photocoagulation zone is not directly observed.
Hence, we are developing transrectal diffuse optical tomography (TRDOT), in combination with transrectal 3D
ultrasound (3D-TRUS), to address his limitation. This is based on the large changes in optical scattering
expected upon tissue coagulation. Here, we present forward simulations of a growing coagulated lesion with
optical scattering contrast, using an established finite element analysis software platform (NIRFAST). The
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simulations were validated in tissue-simulating phantoms, with measurements acquired by a state-of-the-art
continuous wave (CW) TRDOT system and a recently assembled bench-top CW-DOT system, with specific
source-detector configurations. Two image reconstruction schemes were investigated and evaluated, specifically
for the accurate delineation of the posterior boundary of the coagulation zone as the critical parameter for
treatment guidance in this clinical application.

126. Fradkin et al. (2013). Diagnosing breast cancer using independent diffuse optical tomography
and x-ray mammography scans
Abstract: We have previously demonstrated the utilization of spatially co-registered diffuse optical tomography
(DOT) and digital breast tomosynthesis (DBT) for joint breast cancer diagnosis. However, clinical
implementation of such a multi-modality approach may require development of integrated DOT/DBT imaging
scanners, which can be costly and time-consuming. Exploring effective image registration methods that combine
the diagnostic information from a standalone DOT measurement and a separate mammogram can be a costeffective solution, which may eventually enable adding functional optical assessment to all previously installed
digital mammography systems. In this study, we investigate a contour-based image registration method to
convert independent optical and x-ray scans into co-registered datasets that can benefit from a joint image
analysis. The breast surface used in 3D optical DOT reconstruction is registered with the breast contour line
extracted from an x-ray mammogram acquired separately. This allows us to map the 2D mammogram to the
optical measurement space and build structural constraints for optical image reconstruction. A non-linear
reconstruction utilizing structure-priors is then performed to produce hemoglobin maps with improved
resolution. To validate this approach, we used a set of tumor patient measurements with simultaneous
DOT/DBT and separate 2D mammographic scans. The images recovered from the registration procedure derived
from DOT and 2D mammogram present similar image quality compared to those recovered from co-registered
DOT/DBT measurements.

127. Giacometti & Diamond (2013). Diffuse Optical Tomography for Brain Imaging: Continuous Wave
Instrumentation and Linear Analysis Methods
Abstract: Diffuse optical tomography (DOT) is a functional brain imaging technique that measures cerebral
blood oxygenation and blood volume changes. This technique is particularly useful in human neuroimaging
measurements because of the coupling between neural and hemodynamic activity in the brain. DOT is a
multichannel imaging extension of near-infrared spectroscopy (NIRS). NIRS uses laser sources and light
detectors on the scalp to obtain noninvasive hemodynamic measurements from spectroscopic analysis of the
remitted light. This review explains how NIRS data analysis is performed using a combination of the modified
Beer–Lambert law (MBLL) and the diffusion approximation to the radiative transport equation (RTE). Laser
diodes, photodiode detectors, and optical terminals that contact the scalp are the main components in most NIRS
systems. Placing multiple sources and detectors over the surface of the scalp allows for tomographic
reconstructions that extend the individual measurements of NIRS into DOT. Mathematically arranging the DOT
measurements into a linear system of equations that can be inverted provides a way to obtain tomographic
reconstructions of hemodynamics in the brain.

128. Farradal et al. (2013). Atlas-based head modeling and spatial normalization for high-density
diffuse optical tomography: In vivo validation against fMRI
Abstract: Diffuse optical imaging (DOI) is increasingly becoming a valuable neuroimaging tool when fMRI is
precluded. Recent developments in high-density diffuse optical tomography (HD-DOT) overcome previous
limitations of sparse DOI systems, providing improved image quality and brain specificity. These improvements
in instrumentation prompt the need for advancements in both i) realistic forward light modeling for accurate
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HD-DOT image reconstruction, and ii) spatial normalization for voxel-wise comparisons across subjects.
Individualized forward light models derived from subject-specific anatomical images provide the optimal inverse
solutions, but such modeling may not be feasible in all situations. In the absence of subject-specific anatomical
images, atlas-based head models registered to the subject's head using cranial fiducials provide an alternative
solution. In addition, a standard atlas is attractive because it defines a common coordinate space in which to
compare results across subjects. The question therefore arises as to whether atlas-based forward light modeling
ensures adequate HD-DOT image quality at the individual and group level. Herein, we demonstrate the
feasibility of using atlas-based forward light modeling and spatial normalization methods. Both techniques are
validated using subject-matched HD-DOT and fMRI data sets for visual evoked responses measured in five
healthy adult subjects. HD-DOT reconstructions obtained with the registered atlas anatomy (i.e. atlas DOT) had
an average localization error of 2.7 mm relative to reconstructions obtained with the subject-specific anatomical
images (i.e. subject-MRI DOT), and 6.6 mm relative to fMRI data. At the group level, the localization error of
atlas DOT reconstruction was 4.2 mm relative to subject-MRI DOT reconstruction, and 6.1 mm relative to fMRI.
These results show that atlas-based image reconstruction provides a viable approach to individual head
modeling for HD-DOT when anatomical imaging is not available.

129. Hassanpour et al. (2013). Statistical analysis of high density diffuse optical tomography
Abstract: High density diffuse optical tomography (HD-DOT) is a noninvasive neuroimaging modality with
moderate spatial resolution and localization accuracy. Due to portability and wear-ability advantages, HD-DOT
has the potential to be used in populations that are not amenable to functional magnetic resonance imaging
(fMRI), such as hospitalized patients and young children. However, whereas the use of event-related stimuli
designs, general linear model (GLM) analysis, and imaging statistics are standardized and routine with fMRI,
such tools are not yet common practice in HD-DOT. In this paper we adapt and optimize fundamental elements
of fMRI analysis for application to HD-DOT. We show the use of event-related protocols and GLM de-convolution
analysis in un-mixing multi-stimuli event-related HD-DOT data. Statistical parametric mapping (SPM) in the
framework of a general linear model is developed considering the temporal and spatial characteristics of HDDOT data. The statistical analysis utilizes a random field noise model that incorporates estimates of the local
temporal and spatial correlations of the GLM residuals. The multiple-comparison problem is addressed using a
cluster analysis based on non-stationary Gaussian random field theory. These analysis tools provide access to a
wide range of experimental designs necessary for the study of the complex brain functions. In addition, they
provide a foundation for understanding and interpreting HD-DOT results with quantitative estimates for the
statistical significance of detected activation foci.

130. Tarvainen et al. (2013). Utilising the coupled radiative transfer - diffusion model in diffuse
optical tomography
Abstract: The coupled radiative transfer - diffusion model can be used as light transport model in turbid media
with non-diffusive regions. In the coupled radiative transfer - diffusion model, light propagation is modelled with
the radiative transfer equation in sub-domains in which the approximations of the diffusion equation are not
valid and the diffusion approximation is used elsewhere in the domain. In this work, the image reconstruction
problem of diffuse optical tomography utilising the coupled radiative transfer - diffusion model is considered.
Absorption and scattering distributions are estimated using the coupled radiative transfer - diffusion model as a
forward model for light propagation. The results are compared to reconstructions obtained using other light
transport models. The results show that the coupled radiative transfer - diffusion model can produce as good
estimates for absorption and scattering as the full radiative transfer equation also in situations in which the
approximations of the diffusion equation are not valid.
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131. Dieffenderfer et al. (2013). Towards a smart bandage with functional near infrared spectroscopy
capability
Abstract: This paper presents our efforts towards a smart bandage with incorporated miniaturized wireless
functional near infrared spectroscopy system as a sensor node for wearable body area networks. The built
prototype was used to successfully transmit deoxygenation of forearm muscle tissue during pressure cuff induced
ischemia through an established Bluetooth link. The system can run over 4 hours continuously sampling at 150
Hz with provided 90mAh lithium polymer batteries and transmit data to distances more than 75 meters.
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132. Hyttel-Sorensen et al. (2013). Calibration of a prototype NIRS oximeter against two commercial
devices on a blood-lipid phantom
Abstract: In a blood-lipid liquid phantom the prototype near-infrared spectroscopy oximeter OxyPrem was
calibrated against the INVOS® 5100c adult sensor in respect to values of regional tissue oxygen haemoglobin
saturation (rStO2) for possible inclusion in the randomised clinical trial - SafeBoosC. In addition different
commercial NIRS oximeters were compared on changing haemoglobin oxygen saturation and compared against
co-oximetry. The best calibration was achieved with a simple offset and a linear scaling of the OxyPrem rStO2
values. The INVOS adult and pediatric sensor gave systematically different values, while the difference between
the NIRO® 300 and the two INVOS sensors were magnitude dependent. The co-oximetry proved unreliable on
such low haemoglobin and high Intralipid levels.

133. Holper et al. (2013). Comparison of functional near-infrared spectroscopy and electrodermal
activity in assessing objective versus subjective risk during risky financial decisions
Abstract: Risk is an important factor impacting financial decisions. Risk can be processed objectively, e.g. as
variance across possible outcomes of a choice option or subjectively, e.g. as value of that variance to a given
individual. The aim of the present study was to test the potential of functional near-infrared spectroscopy
(fNIRS) in assessing these different ways of processing risk while subjects decided between either high or low
risk financial options or a safe (risk-free) option. For comparison we simultaneously measured electrodermal
activity (EDA), a well-established method in decision-making research and a core measure of affective processes.
FNIRS showed that lateral prefrontal cortex responses to high risk were enhanced relative to low risk only in
risk-seeking individuals but reduced relative to low risk in risk-averse individuals. This is in-line with
individual-specific risk processing reflecting the subjective value of risk. By contrast, EDA showed enhanced
responses to high risk, independent of individual risk attitude, in-line with the notion of objective risk
processing. The dissociation between the two measures arose even though they overall were equally sensitive to
detect individual risk-related differences and even though there was an increased, risk attitude-independent,
temporal coherence between the two measures during high-risk conditions. Our results suggest that
hemodynamic responses in lateral prefrontal cortex as measured by fNIRS reflect the subjective value of risk,
whereas EDA may index the objective amount of risk people are presented with. The findings suggest that
fNIRS could be a useful method for studying risk behavior in financial decisions.

134. Metz et al. (2013). Brain Tissue Oxygen Saturation Increases During the Night in Adolescents
Abstract: How does the oxygen metabolism change during sleep? We aimed to measure the change in brain
tissue oxygen saturation (StO2) before and after sleep with near-infrared spectroscopy (NIRS) using an in-house
developed sensor. According to the synaptic homeostasis hypothesis [1], synaptic downscaling during sleep would
result in reduced energy consumption. Thus, this reduced energy demands should be reflected in the oxygen
metabolism and StO2. Thirteen nights of 7 male subjects (age 11–16 years, one subject contributed only one
night, all others two) were included in the analysis. We performed NIRS measurements throughout the entire
night. The NIRS sensor was placed close to electrode position Fp1 (international 10/20 system), over the left
frontal cortex. Absolute StO2 and total haemoglobin (tHb) were calculated from the NIRS measurements using a
self-calibrating method [2]. StO2 and tHb during the awake period prior to sleep and after awakening were
compared. The subjects were instructed to lie in bed in the same position before and after sleep. Values of the
two nights were averaged for each subject. Furthermore, a linear regression line was fit through the all-night
StO2 recordings. We found an increase in StO2 by 4.32 ± 1.76 % (mean ± SD, paired t-test p < 0.001, n = 7) in the
morning compared to evening, while tHb did not change (1.02 ± 6.81 μM p = 0.704, n = 7). Since the tHb
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remained at a similar level after sleep, this increase in StO2 indicates that in the morning more oxygenated
blood and less deoxygenated blood was present in the brain compared to the evening. The slope of the regression
line was 0.37 ± 0.13 % h−1 leading to a similar increase of StO2 in the course of sleep. This may be interpreted
as a reduced oxygen consumption or energy metabolism after sleep.

135. Scholkmann et al. (2013). The Effect of Inner Speech on Arterial CO2 and Cerebral
Hemodynamics and Oxygenation: A Functional NIRS Study
Abstract: The aim of the present study was (i) to investigate the effect of inner speech on cerebral
hemodynamics and oxygenation, and (ii) to analyze if these changes could be the result of alternations of the
arterial carbon dioxide pressure (PaCO2). To this end, in seven adult volunteers, we measured changes of
cerebral absolute [O2Hb], [HHb], [tHb] concentrations and tissue oxygen saturation (StO2) (over the left and
right anterior prefrontal cortex (PFC)), as well as changes in end-tidal CO2 (PETCO2), a reliable and accurate
estimate of PaCO2. Each subject performed three different tasks (inner recitation of hexameter (IRH) or prose
(IRP) verses) and a control task (mental arithmetic (MA)) on different days according to a randomized crossover
design. Statistical analysis was applied to the differences between pre-baseline, two tasks, and four post-baseline
periods. The two brain hemispheres and three tasks were tested separately. During the tasks, we found (i)
PETCO2 decreased significantly (p < 0.05) during the IRH ( ~ 3 mmHg) and MA ( ~ 0.5 mmHg) task. (ii) [O2Hb]
and StO2 decreased significantly during IRH ( ~ 1.5 μM; ~ 2 %), IRP ( ~ 1 μM; ~ 1.5 %), and MA ( ~ 1 μM; ~ 1.5
%) tasks. During the post-baseline period, [O2Hb] and [tHb] of the left PFC decreased significantly after the IRP
and MA task ( ~ 1 μM and ~ 2 μM, respectively). In conclusion, the study showed that inner speech affects
PaCO2, probably due to changes in respiration. Although a decrease in PaCO2 is causing cerebral
vasoconstriction and could potentially explain the decreases of [O2Hb] and StO2 during inner speech, the
changes in PaCO2 were significantly different between the three tasks (no change in PaCO2 for MA) but led to
very similar changes in [O2Hb] and StO2. Thus, the cerebral changes cannot solely be explained by PaCO2.

48

