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1.

Peng et al. (2014). fNIRS-EEG study of focal interictal epileptiform discharges

Abstract: Functional near-infrared spectroscopy (fNIRS) acquired with electroencephalography (EEG) is a
relatively new non-invasive neuroimaging technique with potential for long term monitoring of the epileptic
brain. Simultaneous EEG-fNIRS recording allows the spatio-temporal reconstruction of the hemodynamic
response in terms of the concentration changes in oxy-hemoglobin (HbO) and deoxy-hemoglobin (HbR) associated
with recorded epileptic events such as interictal epileptic discharges (IEDs) or seizures. While most previous
studies investigating fNIRS in epilepsy had limitations due to restricted spatial coverage and small sample sizes,
this work includes a sufficiently large number of channels to provide an extensive bilateral coverage of the
surface of the brain for a sample size of 40 patients with focal epilepsies. Topographic maps of significant
activations due to each IED type were generated in four different views (dorsal, frontal, left and right) and were
compared with the epileptic focus previously identified by an epileptologist. After excluding 5 patients due to the
absence of IEDs and 6 more with mesial temporal foci too deep for fNIRS, we report that significant HbR
(respectively HbO) concentration changes corresponding to IEDs were observed in 62% (resp. 38%) of patients
with neocortical epilepsies. This HbR/HbO response was most significant in the epileptic focus region among all
the activations in 28%/21% of patients.

2.

Nishitani et al. (2014). Maternal Prefrontal Cortex Activation by Newborn Infant Odors

Abstract: Mothers are attracted by infant cues of a variety of different modalities. To clarify the possible neural
mechanisms underlying maternal attraction to infant odor cues, we used near-infrared spectroscopy to examine
prefrontal cortex (PFC) activity during odor detection tasks in which 19 mothers and 19 nulliparous females
(nonmothers) were presented with infant or adult male odors. They were instructed to make a judgment about
whether they smelled an odor during each task. We estimated the PFC activity by measuring the relative
oxyhemoglobin (oxyHb) concentrations. The results showed that while detecting the infant odors, bilateral PFC
activities were increased in mothers but not in nonmothers. In contrast, adult male odors activated the PFC
similarly in mothers and nonmothers. These findings suggest that maternal activation of the PFC in response to
infant odors explains a part of the neural mechanisms for maternal attraction to infant odors.

3.

Afergan et al. (2014). Dynamic Difficulty Using Brain Metrics of Workload

Abstract: Dynamic difﬁculty adjustments can be used in human-computer systems in order to improve user
engagement and performance. In this paper, we use functional near-infrared spectroscopy (fNIRS) to obtain
passive brain sensing data and detect extended periods of boredom or overload. From these physiological signals,
we can adapt a simulation in order to optimize workload in real-time, which allows the system to better ﬁt the
task to the user from moment to moment. To demonstrate this idea, we ran a laboratory study in which
participants performed path planning for multiple unmanned aerial vehicles (UAVs) in a simulation. Based on
their state, we varied the difﬁculty of the task by adding or removing UAVs and found that we were able to
decrease errors by 35% over a baseline condition. Our results show that we can use fNIRS brain sensing to
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detect task difﬁculty in real-time and construct an interface that improves user performance through dynamic
difﬁculty adjustment.

4.

Strait et al. (2014). Using near infrared spectroscopy to index temporal changes in affect in
realistic human-robot interactions

Abstract: Recent work in HRI found that prefrontal hemodynamic activity correlated with participants’
aversions to certain robots. Using a combination of brain-based objective measures and survey-based subjective
measures, it was shown that increasing the presence (co-located vs. remote interaction) and human-likeness of
the robot engaged greater neural activity in the prefrontal cortex and severely decreased preferences for future
interactions. The results of this study suggest that brain-based measures may be able to capture participants’
affective responses (aversion vs. afﬁnity), and in a variety of interaction settings. However, the brain-based
evidence of this work is limited to temporally-brief (6-second) post-interaction samples. Hence, it remains
unknown whether such measures can capture affective responses over the course of the interactions (rather than
post-hoc). Here we extend the previous analysis to look at changes in brain activity over the time course of more
realistic human-robot interactions. In particular, we replicate the previous ﬁndings, and moreover ﬁnd
qualitative evidence suggesting the measurability of ﬂuctuations in affect over the course of the full interactions.

5.

Kainerstorfer et al. (2014). Practical Steps for Applying a New Dynamic Model to Near-Infrared
Spectroscopy Measurements of Hemodynamic Oscillations and Transient Changes :
Implications for Cerebrovascular and Functional Brain Studies

Abstract: Rationale and Objectives: Perturbations in cerebral blood volume (CBV), blood flow (CBF), and
metabolic rate of oxygen (CMRO2) lead to associated changes in tissue concentrations of oxy- and deoxyhemoglobin (ΔO and ΔD), which can be measured by near-infrared spectroscopy (NIRS). A novel hemodynamic
model has been introduced to relate physiological perturbations and measured quantities. We seek to use this
model to determine functional traces of cbv(t) and cbf(t) − cmro2(t) from time-varying NIRS data, and
cerebrovascular physiological parameters from oscillatory NIRS data (lowercase letters denote the relative
changes in CBV, CBF, and CMRO2 with respect to baseline). Such a practical implementation of a quantitative
hemodynamic model is an important step toward the clinical translation of NIRS. Materials and Methods: In the
time domain, we have simulated O(t) and D(t) traces induced by cerebral activation. In the frequency domain, we
have performed a new analysis of frequency-resolved measurements of cerebral hemodynamic oscillations during
a paced breathing paradigm. Results: We have demonstrated that cbv(t) and cbf(t) − cmro2(t) can be reliably
obtained from O(t) and D(t) using the model, and that the functional NIRS signals are delayed with respect to
cbf(t) − cmro2(t) as a result of the blood transit time in the microvasculature. In the frequency domain, we have
identified physiological parameters (e.g., blood transit time, cutoff frequency of autoregulation) that can be
measured by frequency-resolved measurements of hemodynamic oscillations. Conclusions: The ability to perform
noninvasive measurements of cerebrovascular parameters has far-reaching clinical implications. Functional
brain studies rely on measurements of CBV, CBF, and CMRO2, whereas the diagnosis and assessment of
neurovascular disorders, traumatic brain injury, and stroke would benefit from measurements of local cerebral
hemodynamics and autoregulation.

6.

Lynch et al. (2014). Noninvasive Optical Quantification of Cerebral Venous Oxygen Saturation in
Humans

Abstract: Rationale and Objectives: Cerebral oxygen extraction, defined as the difference between arterial and
venous oxygen saturations (SaO2 and SvO2), is a critical parameter for managing intensive care patients at risk
for neurological collapse. Although quantification of SaO2 is easily performed with pulse oximetry or moderately
invasive arterial blood draws in peripheral vessels, cerebral SvO2 is frequently not monitored because of the
2
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invasiveness and risk associated with obtaining jugular bulb or super vena cava (SVC) blood samples. Materials
and Methods: In this study, near-infrared spectroscopy (NIRS) was used to noninvasively measure cerebral SvO2
in anesthetized and mechanically ventilated pediatric patients (n = 10). To quantify SvO2, the NIRS signal
component that fluctuates at the respiration frequency is isolated. This respiratory component is dominated by
the venous portion of the interrogated vasculature. The NIRS measurements of SvO2 were validated against the
clinical gold standard: invasively measured oxygen saturations from SVC blood samples. This technique was also
applied in healthy volunteers (n = 5) without mechanical ventilation to illustrate its potential for use in healthy
populations with natural airways. Results: Ten pediatric patients with pulmonary hypertension were studied. In
these patients, SvO2 in the SVC exhibited good agreement with NIRS-measured SvO2 (R2 = 0.80, P = .001, slope
= 1.16 ± 0.48). Furthermore, in the healthy adult volunteers, mean (standard deviation) NIRS-measured SvO2
was 79.4 (6.8)%. This value is in good agreement with the expected average central venous saturation reported
in literature. Conclusion: Respiration frequency-selected NIRS can noninvasively quantify cerebral SvO2. This
bedside technique can be used to help assess brain health in neurologically unstable patients.

7.

Strait et al. (2014). The effects of combine treatment of memantine and donepezil on Alzheimer's
Disease patients and its relationship with cerebral blood flow in the prefrontal area

Abstract: Background: In this study, we evaluated the effect on cognitive function of memantine, behavioral and
psychological symptoms of dementia, and the care burden, in patients with moderate-to-severe Alzheimer's
disease (AD). Furthermore, with near-infrared spectroscopy (NIRS), we examined the association between effect
of memantine and brain blood flow. Methods: We evaluated the effect of memantine administration from
baseline on Clinical Global Impression-Improvement scale, mini mental state examination (MMSE), Clock
Drawing Test (CDT), Neuropsychiatric Inventory (NPI), Japanese version of the Zarit Burden Interview (J-ZBI)
and NIRS in two groups, donepezil administration memantine combination group (combination group, n = 19)
donepezil administration memantine non-administration group (control group, n = 18) were assessed at weeks 0,
4, 12, and 24. Results: Significant difference was found between the combination group and the control group in
the score variation of Clinical Global Impression-Improvement scale, MMSE, CDT, NPI, and J-ZBI. In the NIRS
measurements, trend oxyhemoglobin reduced suppression was observed in some channels centered on the
superior frontal gyrus. A significant correlation was observed in the scores of MMSE, CDT, NPI, and J-ZBI. In
addition, a significant positive correlation was also observed between the number of words in NIRS and scores of
MMSE and CDT. Conclusions: In this study, by administering memantine in AD patients that inhibit the
reduction of cerebral blood flow in the prefrontal area and improve clinical symptoms overall cognitive function,
behavioral and psychological symptoms of dementia, thereby reducing the care burden of caregivers was
suggested.

8.

Afergan et al. (2014). Microvascular versus Macrovascular Cerebral Vasomotor Reactivity in
Patients with Severe Internal Carotid Artery Stenosis or Occlusion

Abstract: Rationale and Objectives: In patients with severe internal carotid artery steno-occlusive lesions
(ISOL), impaired cerebrovascular reactivity (CVR) is predictive of future ischemic stroke (IS) or transient
ischemic attack (TIA). Therefore, the evaluation of CVR in ISOL patients may be a means to evaluate the risk
for IS/TIA and decide on an intervention. Our aim was (1) to explore the feasibility of concurrent near-infrared
spectroscopy (NIRS-DOS), diffuse correlation spectroscopy, and transcranial Doppler for CVR assessment in
ISOL patients, and (2) to compare macrovascular and microvascular CVR in ISOL patients and explore its
potential for IS/TIA risk stratification. Materials and Methods: Twenty-seven ISOL patients were recruited. The
changes in continuous microvascular and macrovascular hemodynamics upon acetazolamide injection were used
to determine CVR. Results: Oxyhemoglobin (HbO2, by near-infrared spectroscopy), microvascular cerebral blood
flow (CBF, by diffuse correlation spectroscopy) and CBF velocity (by transcranial Doppler) showed significant
increases upon acetazolamide injection in all subjects (P < .03). Only macrovascular CVR (P = .024) and none of
the microvascular measures were significantly dependent on the presence of ISOL. In addition, while CBF was
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significantly correlated with HbO2, neither of these microvascular measures correlated with macrovascular CBF
velocity. Conclusions: We demonstrated the simultaneous, continuous, and noninvasive evaluation of CVR at
both the microvasculature and macrovasculature. We found that macrovascular CVR response depends on the
presence of ISOL, whereas the microvascular CVR did not significantly depend on the ISOL presence, possibly
due to the role of collaterals other than those of the circle of Willis. The concurrent microvascular and
macrovascular CVR measurement in the ISOL patients might improve future IS/TIA risk assessment.

9.

Matsui et al. (2014). Referential framework for transcranial anatomical correspondence for
fNIRS based on manually traced sulci and gyri of an infant brain

Abstract: Functional near infrared spectroscopy (fNIRS), which is compact, portable, and tolerant of body
movement, is suitable for monitoring infant brain functions. Nevertheless, fNIRS also poses a technical problem
in that it cannot provide structural information. Supplementation with structural magnetic resonance images
(MRI) is not always feasible for infants who undergo fNIRS measurement. Probabilistic registration methods
using an MRI database instead of subjects’ own MRIs are optimized for adult studies and offer only limited
resources for infant studies. To overcome this, we used high-quality infant MRI data for a 12-month-old infant
and manually delineated segmented gyri from among the highly visible macroanatomies on the lateral cortical
surface. These macroanatomical regions are primarily linked to the spherical coordinate system based on
external cranial landmarks, and further to traditional 10-20-based head-surface positioning systems. While
macroanatomical structures were generally comparable between adult and infant atlases, differences were found
in the parietal lobe, which was positioned posteriorly at the vertex in the infant brain. The present study
provides a referential framework for macroanatomical analyses in infant fNIRS studies. With this resource,
multichannel fNIRS functional data could be analyzed in reference to macroanatomical structures through
virtual and probabilistic registrations without acquiring subject-specific MRIs.

10.

Kunz et al. (2014). Nahinfrarotspektroskopie zur Detektion intrakranieller traumatischer
Hirnblutungen [in German]

Abstract: Traumatic brain injury (TBI) is one of the most common causes of death in ordinary accidents,
natural disasters, or warfare. The gold standard for diagnosis of TBI is the CT scan; a delay of diagnostics or
medical care is the strongest independent predictor of mortality of TBI patients—particularly in the case of a
surgically treatable intracranial hematoma. The proper classification of these patients is of major importance in
situations where a CT is not accessible. A portable screening device that uses near-infrared spectroscopy (NIRS)
technology allows a preliminary estimate of an intracranial hematoma. This study assessing practicability shows
that the use of the device in a military medical rescue center (Kunduz, Afghanistan) is easy to learn and can be
repeatedly used even under emergency room conditions. The technique can be applied in penetrating and blunt
TBIs in the absence of an immediately available CT scan in rural areas, preclinically, under mass casualty
conditions (e.g., in disaster situations) as well as in humanitarian crises or war zones. Nevertheless, further
studies to assess the validity of this device are necessary.

11.

Yasumura et al. (2014). Relationship between Neural Activity and Executive Function: An NIRS
Study

Abstract: Objective. This study examined the relationship between neural activity and executive function (EF)
by near-infrared spectroscopy (NIRS). In addition, an oral reading span test (RST) was used to explore this
association. Methods. Fifteen adults participated in the study. We used the RST and simple reading as the two
tasks. Results. The RST score and cortical hemodynamic response in the left inferior frontal gyrus were
significantly correlated. Conclusion. Based on the oral RST performance assessment and NIRS examination, the
present findings suggest a relationship between EF and cortical activation.
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12.

Chang et al. (2014). The cortical activation pattern by a rehabilitation robotic hand: a functional
NIRS study

Abstract: Introduction: Clarification of the relationship between external stimuli and brain response has been
an important topic in neuroscience and brain rehabilitation. In the current study, using functional near infrared
spectroscopy (fNIRS), we attempted to investigate cortical activation patterns generated during execution of a
rehabilitation robotic hand. Methods: Ten normal subjects were recruited for this study. Passive movements of
the right fingers were performed using a rehabilitation robotic hand at a frequency of 0.5 Hz. We measured
values of oxy-hemoglobin (HbO), deoxy-hemoglobin (HbR) and total-hemoglobin (HbT) in five regions of interest:
the primary sensory-motor cortex (SM1), hand somatotopy of the contralateral SM1, supplementary motor area
(SMA), premotor cortex (PMC), and prefrontal cortex (PFC). Results: HbO and HbT values indicated significant
activation in the left SM1, left SMA, left PMC, and left PFC during execution of the rehabilitation robotic hand
(uncorrected, p < 0.01). By contrast, HbR value indicated significant activation only in the hand somatotopic area
of the left SM1 (uncorrected, p < 0.01). Conclusions: Our results appear to indicate that execution of the
rehabilitation robotic hand could induce cortical activation.

13.

Bajaj et al. (2014). Oscillatory motor network activity during rest and movement: an fNIRS study

Abstract: Coherent network oscillations (<0.1 Hz) linking distributed brain regions are commonly observed in
the brain during both rest and task conditions. What oscillatory network exists and how network oscillations
change in connectivity strength, frequency and direction when going from rest to explicit task are topics of recent
inquiry. Here, we study network oscillations within the sensorimotor regions of able-bodied individuals using
hemodynamic activity as measured by functional near-infrared spectroscopy (fNIRS). Using spectral
interdependency methods, we examined how the supplementary motor area (SMA), the left premotor cortex
(LPMC) and the left primary motor cortex (LM1) are bound as a network during extended resting state (RS) and
between-tasks resting state (btRS), and how the activity of the network changes as participants execute left,
right, and bilateral hand (LH, RH, and BH) finger movements. We found: (i) power, coherence and Granger
causality (GC) spectra had significant peaks within the frequency band (0.01–0.04 Hz) during RS whereas the
peaks shifted to a bit higher frequency range (0.04–0.08 Hz) during btRS and finger movement tasks, (ii) there
was significant bidirectional connectivity between all the nodes during RS and unidirectional connectivity from
the LM1 to SMA and LM1 to LPMC during btRS, and (iii) the connections from SMA to LM1 and from LPMC to
LM1 were significantly modulated in LH, RH, and BH finger movements relative to btRS. The unidirectional
connectivity from SMA to LM1 just before the actual task changed to the bidirectional connectivity during LH
and BH finger movement. The uni-directionality could be associated with movement suppression and the bidirectionality with preparation, sensorimotor update and controlled execution. These results underscore that
fNIRS is an effective tool for monitoring spectral signatures of brain activity, which may serve as an important
precursor before monitoring the recovery progress following brain injury.

14.

Zhang et al. (2014). Pre-seizure state identified by diffuse optical tomography

Abstract: In epilepsy it has been challenging to detect early changes in brain activity that occurs prior to
seizure onset and to map their origin and evolution for possible intervention. Here we demonstrate using a rat
model of generalized epilepsy that diffuse optical tomography (DOT) provides a unique functional neuroimaging
modality for noninvasively and continuously tracking such brain activities with high spatiotemporal resolution.
We detected early hemodynamic responses with heterogeneous patterns, along with intracranial
electroencephalogram gamma power changes, several minutes preceding the electroencephalographic seizure
onset, supporting the presence of a “pre-seizure” state. We also observed the decoupling between local
hemodynamic and neural activities. We found widespread hemodynamic changes evolving from local regions of
the bilateral cortex and thalamus to the entire brain, indicating that the onset of generalized seizures may
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originate locally rather than diffusely. Together, these findings suggest DOT represents a powerful tool for
mapping early seizure onset and propagation pathways.

15.

Hu et al. (2014). Activation of human prefrontal cortex to pleasant and aversive taste using
functional near-infrared spectroscopy

Abstract: The aim of the study was to investigate the representation of taste in human prefrontal cortex (PFC),
in particular, to compare the representation of a pleasant and an aversive taste using functional near-infrared
spectroscopy (fNIRS), so as to obtain further understanding of the taste preference mechanism. The pleasant
stimulus used was sweet taste (10% sucrose), and the unpleasant stimulus was sour taste (1% critic acid). Based
on event-related design, the experiments were performed with 16 healthy volunteers using the OEG-16 fNIRS
sensor. A general linear model was used to analyze the collected data. For the concentration change of
oxygenated hemoglobin (ΔoxyHb), we found that significant deactivation was induced by sweetness and sourness
in parts of the frontopolar area, orbitofrontal area and dorsolateral prefrontal cortex in bilateral hemisphere of
human brain. And the right PFC showed different levels of activation between sweetness and sourness. In
addition, brain activities were more sensitive to sourness than sweetness. Finally, we confirmed that the PFC
was involved in sweet and sour taste processing, and fNIRS provided an alternative way for studying tasterelated brain function under more natural conditions.

16.

Li et al. (2014). Temporal correlation of spontaneous hemodynamic activity in language areas
measured with functional near-infrared spectroscopy

Abstract: Functional near-infrared spectroscopy (fNIRS) was used to investigate resting state connectivity of
language areas including bilateral inferior frontal gyrus (IFG) and superior temporal gyrus (STG). Thirty-two
subjects participated in the experiment, including twenty adults and twelve children. Spontaneous hemodynamic
fluctuations were recorded, and then intra- and inter-hemispheric temporal correlations of these signals were
computed. The correlations of all hemoglobin components were observed significantly higher for adults than
children. Moreover, the differences for the STG were more significant than for the IFG. In the adult group,
differences in the correlations between males and females were not significant. Our results suggest by
measuring resting state intra- and inter-hemispheric correlations, fNIRS is able to provide qualitative and
quantitative evaluation on the functioning of the cortical network.

17.

Usami et al. (2014). Near Infrared Spectroscopy Study of the Frontopolar Hemodynamic
Response and Depressive Mood in Children with Major Depressive Disorder: A Pilot Study

Abstract: AIM: The aim of this study was to evaluate the frontopolar hemodynamic response and depressive
mood in children with mild or moderate major depressive disorder during six weeks treatment without
medication. METHODS: The subjects were 10 patients with mild or moderate depression. They were depressive
drug-naive children and adolescents. The scores of Depression Self Rating Scale (DSRS), the results of the
Verbal Fluency Test (VFT), and the concentrations of oxy-hemoglobin (Oxy-Hb) of frontal pole brain assessed by
two-channel near infrared spectroscopy (NIRS) after six weeks of treatment was compared with those of initial
treatment. RESULTS: The score of DSRS was significantly reduced after six weeks of initial treatment (p<0.001,
t-test). The word number of VFT was not significantly changed after six weeks of treatment. The oxy-Hb
concentration significantly increased after six weeks of treatment (p<0.001, t-test). CONCLUSIONS: This study
demonstrated that the concentration of oxy-Hb of frontopolar cortex in children with mild and moderate
depression improved along with their depressive mood. These results suggested that concentration of oxy-Hb
using NIRS may be used as the state maker for change in depressive mood of children having depression, similar
to that in adults.
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18.

Hessel et al. (2014). Cerebral oxygenation after birth – a comparison of INVOS® and FORESIGHT™ near-infrared spectroscopy oximeters

Abstract: Aim: To compare absolute values of regional cerebral tissue oxygenation (cStO2) during
haemodynamic transition after birth and repeatability during steady state for two commercial near-infrared
spectroscopy (NIRS) devices. Methods: In a prospective observational study, the INVOS 5100C and FORESIGHT were compared on 12 term newborns delivered by elective caesarean section. During the 10 min following
umbilical cord clamping, cStO2 was measured simultaneously with the neonatal sensors from each device.
Repeated measurements were taken the following day. Results: Three and 8 min after clamping, the mean cStO2
value increased from 53.4% (CI 36.8–69.9%) to 86.0% (CI 80.2–91.7%) for INVOS and from 61.6% (CI 55.4–
67.8%) to 82.2% (CI 77.7–86.7%) for FORE-SIGHT. The Bland–Altman plot revealed decreasing difference
(INVOS minus FORE-SIGHT) (D) in absolute values (A) with increasing cStO2 (D = 0.5A – 38.19 p = <0.001).
The mean steady-state value on day two was 78.4% (CI 74.6–82.2%) and 86.2% (CI 85.0–87.4%) for INVOS and
FORE-SIGHT, respectively. The within-subject standard deviation during steady-state repeated measurements
was 4.8% ± 0.86 for INVOS and 2.8% ± 0.5 for FORE-SIGHT. Conclusion: The INVOS and FORE-SIGHT cStO2
estimates showed oxygenation-level-dependent difference during birth transition. The better repeatability of
FORE-SIGHT could be due to the lower response to change in saturation.

19.

Pichler et al. (2014). How to Monitor the Brain during Immediate Neonatal Transition and
Resuscitation: A Systematic Qualitative Review of the Literature

Abstract: Background: The brain is vulnerable to injury and dysfunction during transition after birth in
neonates. Clinical assessment of the neurological status immediately following birth is difficult, especially
during resuscitation. Objective: Our aim was to review physiological monitoring of the brain during immediate
postnatal transition - the first 15 min after birth. Methods: A systematic search of PubMed and EMBASE was
performed using the following terms: newborn, neonate, neonates, transition, after-birth, delivery room, cerebral,
brain, monitoring, neurology, oxygenation, saturation, activity, imaging, perfusion, Doppler, and blood flow.
Additional articles were identified by manual search of cited references. Only human studies describing cerebral
changes during the first 15 min after birth were included. Results: Six studies were identified, which described
sequential measurements of cerebral perfusion using Doppler sonography, one of these in combination with
continuous monitoring of cerebral tissue oxygenation with near-infrared spectroscopy (NIRS). A further 15
studies were identified that used NIRS to continuously monitor cerebral tissue oxygenation. In one study,
cerebral activity was continuously monitored with an additional amplitude-integrated encephalogram.
Conclusion: Monitoring the brain provides additional information during immediate transition and may help to
guide resuscitation. Doppler sonography is technically challenging during resuscitation and is therefore of
limited value. NIRS provides continuous monitoring and is feasible even in very-low-birth-weight infants. In the
future, an amplitude-integrated encephalogram might give further information on the status of the brain, but
before any of these modalities can routinely be recommended during neonatal resuscitation, clinical trials
targeting stable brain function parameters are needed.

20.

Desjardins et al. (2014). Multimodal study of the hemodynamic response to hypercapnia in
anesthetized aged rats

Abstract: With aging, the brain undergoes changes in metabolism and perfusion, both of which influence the
widely used blood-oxygenation-level-dependent (BOLD) MRI signal. To isolate the vascular effects associated
with age, this study measured the response to a hypercapnic challenge using different imaging modalities in 19
young (3 months-old) and 13 old (24 months-old) Long-Evans rats. Intrinsic optical imaging was used to measure
oxy (HbO), deoxy (HbR) and total (HbT) hemoglobin concentration changes, laser speckle for cerebral blood flow
(CBF) changes, and MRI for the BOLD signal. Older rats had smaller HbO (41% smaller), HbT (50%) and CBF
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(34%) responses, but the temporal dynamics did not exhibit significant age differences. The ratio of CBV to CBF
responses was also smaller in older adults, potentially indicating a change in the compliance of vessels.

21.

Alderliesten et al. (2014). Hypotension in Preterm Neonates: Low Blood Pressure Alone Does Not
Affect Neurodevelopmental Outcome

Abstract: Objective: To compare neurodevelopmental outcome, mean arterial blood pressure (MABP), and
regional cerebral oxygenation (rSco2) between preterm neonates treated for hypotension and controls.
Study design: Preterm neonates (N = 66) with a gestational age (GA) ≤32 weeks, without a patent ductus
arteriosus, treated for hypotension (dopamine ≥5 μg/kg/min) were included. Neonates were matched to controls
for GA, birth weight, sex, and year of birth. The rSco2 was determined by using near-infrared spectroscopy.
Monitoring of MABP, rSco2, and arterial saturation was started at admission and continued for at least 72
hours. Neurodevelopmental outcome was assessed at 18 and 24 months' corrected age by using the Griffiths
Mental Development Scales or the Bayley Scales of Infant and Toddler Development, Third Edition.
Results: Infants treated for hypotension spent more time with an MABP less than GA (median 9% vs 0%, P <
.001) and time with an MABP/rSco2 correlation >0.5 (27% vs 17%, P < .001). Time spent with an rSco2 <50% and
neurodevelopmental outcome at 18 and 24 months' corrected age were not significantly different between infants
treated for hypotension and controls. The 26 neonates with an rSco2 <50% for >10% of time had a lower
neurodevelopmental outcome at 18 months (median 99 vs 104, P = .02).
Conclusion: An MABP less than GA (in weeks) was not associated with lower rSco2 or with lower
neurodevelopmental outcome scores. However, regardless of MABP, low rSco2 was associated with lower
neurodevelopmental outcome scores. Perfusion/oxygenation variables could be of additional value in neonatal
intensive care.

22.

Schneider et al. (2014). Beyond the N400: Complementary access to early neural correlates of
novel metaphor comprehension using combined electrophysiological and haemodynamic
measurements

Abstract: The simultaneous application of different neuroimaging methods combining high temporal and spatial
resolution can uniquely contribute to current issues and open questions in the field of pragmatic language
perception. In the present study, comprehension of novel metaphors was investigated using near-infrared
spectroscopy (NIRS) combined with the simultaneous acquisition of electroencephalography (EEG)/event-related
potentials (ERPs). For the first time, we investigated the effects of figurative language on early
electrophysiological markers (P200, N400) and their functional relationship to cortical haemodynamic responses
within the language network (Broca's area, Wernicke's area). To this end, 20 healthy subjects judged 120
sentences with respect to their meaningfulness, whereby phrases were either literal, metaphoric, or
meaningless. Our results indicated a metaphor-specific P200 reduction and a linear increase of N400 amplitudes
from literal over metaphoric to meaningless sentences. Moreover, there were metaphor related effects on
haemodynamic responses accessed with NIRS, especially within the left lateral frontal cortex (Broca's area).
Significant correlations between electrophysiological and haemodynamic responses indicated that P200
reductions during metaphor comprehension were associated with an increased recruitment of neural activity
within left Wernicke's area, indicating a link between variations in neural activity and haemodynamic changes
within Wernicke's area. This link may reflect processes related to interindividual differences regarding the
ability to classify novel metaphors. The present study underlines the usefulness of simultaneous NIRS
measurements in language paradigms – especially for investigating the functional significance of
neurophysiological markers that have so far been rarely examined – as these measurements are easily and
efficiently realizable and allow for a complementary examination of neural activity and associated metabolic
changes in cortical areas.
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23.

Meester et al. (2014). Associations between prefrontal cortex activation and H-reflex modulation
during dual task gait

Abstract: Walking, although a largely automatic process, is controlled by the cortex and the spinal cord with
corrective reflexes modulated through integration of neural signals from central and peripheral inputs at
supraspinal level throughout the gait cycle. In this study we used an additional cognitive task to interfere with
the automatic processing during walking in order to explore the neural mechanisms involved in healthy young
adults. Participants were asked to walk on a treadmill at two speeds, both with and without additional cognitive
load. We evaluated the impact of speed and cognitive load by analyzing activity of the prefrontal cortex (PFC)
using functional Near-Infrared Spectroscopy (fNIRS) alongside spinal cord reflex activity measured by soleus Hreflex amplitude and gait changes obtained by using an inertial measuring unit. Repeated measures ANOVA
revealed that fNIRS Oxy-Hb concentrations significantly increased in the PFC with dual task (walking while
performing a cognitive task) compared to a single task (walking only; p < 0.05). PFC activity was unaffected by
increases of walking speed. H-reflex amplitude and gait variables did not change in response to either dual task
or increases in walking speed. When walking under additional cognitive load participants adapted by using
greater activity in the PFC, but this adaptation did not detrimentally affect H-reflex amplitude or gait variables.
Our findings suggest that in a healthy young population central mechanisms (PFC) are activated in response to
cognitive loads but that H-reflex activity and gait performance can successfully be maintained. This study
provides insights into the mechanisms behind healthy individuals safely performing dual task walking.

24.

Fishburn et al. (2014). Sensitivity of fNIRS to cognitive state and load

Abstract: Functional near-infrared spectroscopy (fNIRS) is an emerging low-cost noninvasive neuroimaging
technique that measures cortical bloodflow. While fNIRS has gained interest as a potential alternative to fMRI
for use with clinical and pediatric populations, it remains unclear whether fNIRS has the necessary sensitivity to
serve as a replacement for fMRI. The present study set out to examine whether fNIRS has the sensitivity to
detect linear changes in activation and functional connectivity in response to cognitive load, and functional
connectivity changes when transitioning from a task-free resting state to a task. Sixteen young adult subjects
were scanned with a continuous-wave fNIRS system during a 10-min resting-state scan followed by a letter nback task with three load conditions. Five optical probes were placed over frontal and parietal cortices, covering
bilateral dorsolateral PFC (dlPFC), bilateral ventrolateral PFC (vlPFC), frontopolar cortex (FP), and bilateral
parietal cortex. Activation was found to scale linearly with working memory load in bilateral prefrontal cortex.
Functional connectivity increased with increasing n-back loads for fronto-parietal, interhemispheric dlPFC, and
local connections. Functional connectivity differed between the resting state scan and the n-back scan, with
fronto-parietal connectivity greater during the n-back, and interhemispheric vlPFC connectivity greater during
rest. These results demonstrate that fNIRS is sensitive to both cognitive load and state, suggesting that fNIRS is
well-suited to explore the full complement of neuroimaging research questions and will serve as a viable
alternative to fMRI.

25.

Guhn et al. (2014). Medial prefrontal cortex stimulation modulates the processing of conditioned
fear

Abstract: The extinction of conditioned fear depends on an efficient interplay between the amygdala and the
medial prefrontal cortex (mPFC). In rats, high-frequency electrical mPFC stimulation has been shown to
improve extinction by means of a reduction of amygdala activity. However, so far it is unclear whether
stimulation of homologues regions in humans might have similar beneficial effects. Healthy volunteers received
one session of either active or sham repetitive transcranial magnetic stimulation (rTMS) covering the mPFC
while undergoing a 2-day fear conditioning and extinction paradigm. Repetitive TMS was applied offline after
fear acquisition in which one of two faces (CS+ but not CS−) was associated with an aversive scream (UCS).
Immediate extinction learning (day 1) and extinction recall (day 2) were conducted without UCS delivery.
9
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Conditioned responses (CR) were assessed in a multimodal approach using fear-potentiated startle (FPS), skin
conductance responses (SCR), functional near-infrared spectroscopy (fNIRS), and self-report scales. Consistent
with the hypothesis of a modulated processing of conditioned fear after high-frequency rTMS, the active group
showed a reduced CS+/CS− discrimination during extinction learning as evident in FPS as well as in SCR and
arousal ratings. FPS responses to CS+ further showed a linear decrement throughout both extinction sessions.
This study describes the first experimental approach of influencing conditioned fear by using rTMS and can thus
be a basis for future studies investigating a complementation of mPFC stimulation to cognitive behavioral
therapy (CBT).

26.

Kontos et al. (2014). Brain activation during neurocognitive testing using functional nearinfrared spectroscopy in patients following concussion compared to healthy controls

Abstract: There is no accepted clinical imaging modality for concussion, and current imaging modalities
including fMRI, DTI, and PET are expensive and inaccessible to most clinics/patients. Functional near-infrared
spectroscopy (fNIRS) is a non-invasive, portable, and low-cost imaging modality that can measure brain activity.
The purpose of this study was to compare brain activity as measured by fNIRS in concussed and age-matched
controls during the performance of cognitive tasks from a computerized neurocognitive test battery. Participants
included nine currently symptomatic patients aged 18–45 years with a recent (15–45 days) sport-related
concussion and five age-matched healthy controls. The participants completed a computerized neurocognitive
test battery while wearing the fNIRS unit. Our results demonstrated reduced brain activation in the concussed
subject group during word memory, (spatial) design memory, digit-symbol substitution (symbol match), and
working memory (X’s and O’s) tasks. Behavioral performance (percent-correct and reaction time respectively)
was lower for concussed participants on the word memory, design memory, and symbol match tasks than
controls. The results of this preliminary study suggest that fNIRS could be a useful, portable assessment tool to
assess reduced brain activation and augment current approaches to assessment and management of patients
following concussion.

27.

Piasek et al. (2014). Perfusion index in newborn infants: a noninvasive tool for neonatal
monitoring

Abstract: Aim: To review the utility of perfusion index (PI) in the evaluation of neonatal clinical conditions.
Twenty-five manuscripts were reviewed. PI provides information about haemodynamic stability, illness severity,
early neonatal respiratory outcome, low superior vena cava flow and subclinical chorioamnionitis. Conclusion: PI
is a valuable tool to assess the newborn's health condition and could become a standardised measure in clinical
evaluation. Different study designs are necessary to provide further validation to this method.

28.

Yu et al. (2014). Cerebral near-infrared spectroscopy (NIRS) for perioperative monitoring of
brain oxygenation in children and adults

Abstract: This is the protocol for a review and there is no abstract. The objectives are as follows: To assess the
effects of perioperative cerebral NIRS monitoring and corresponding treatment strategies in adults and children,
compared with no cerebral oxygenation monitoring or cerebral oxygenation monitoring based on non-NIRS
technologies, on the detection of CDEs, neurological outcomes, non-neurological outcomes and socioeconomic
impact (including cost of hospitalization and length of hospital stay).
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29.

Rosenthal et al. (2014). Assessment of a noninvasive cerebral oxygenation monitor in patients
with severe traumatic brain injury

Abstract: Object: Development of a noninvasive monitor to assess cerebral oxygenation has long been a goal in
neurocritical care. The authors evaluated the feasibility and utility of a noninvasive cerebral oxygenation
monitor, the CerOx 3110, which uses near-infrared spectroscopy and ultrasound to measure regional cerebral
tissue oxygenation in patients with severe traumatic brain injury (TBI), and compared measurements obtained
using this device to those obtained using invasive cerebral monitoring.
Methods: Patients with severe TBI admitted to the intensive care unit at Hadassah-Hebrew University Hospital
requiring intracranial pressure (ICP) monitoring and advanced neuromonitoring were included in this study.
The authors assessed 18 patients with severe TBI using the CerOx monitor and invasive advanced cerebral
monitors.
Results: The mean age of the patients was 45.3 ± 23.7 years and the median Glasgow Coma Scale score on
admission was 5 (interquartile range 3–7). Eight patients underwent unilateral decompressive hemicraniectomy
and 1 patient underwent craniotomy. Sixteen patients underwent insertion of a jugular bulb venous catheter,
and 18 patients underwent insertion of a Licox brain tissue oxygen monitor. The authors found a strong
correlation (r = 0.60, p < 0.001) between the jugular bulb venous saturation from the venous blood gas and the
CerOx measure of regional cerebral tissue saturation on the side ipsilateral to the catheter. A multivariate
analysis revealed that among the physiological parameters of mean arterial blood pressure, ICP, brain tissue
oxygen tension, and CerOx measurements on the ipsilateral and contralateral sides, only ipsilateral CerOx
measurements were significantly correlated to jugular bulb venous saturation (p < 0.001).
Conclusions: Measuring regional cerebral tissue oxygenation with the CerOx monitor in a noninvasive manner is
feasible in patients with severe TBI in the neurointensive care unit. The correlation between the CerOx
measurements and the jugular bulb venous measurements of oxygen saturation indicate that the CerOx may be
able to provide an estimation of cerebral oxygenation status in a noninvasive manner.

30.

Perez et al. (2014). Increasing mean arterial pressure in cardiogenic shock secondary to
myocardial infarction: effects on hemodynamics and tissue oxygenation

Abstract: There are very few data regarding the effects of norepinephrine uptitration on global and regional
hemodynamics in cardiogenic shock. We studied 25 patients with shock secondary to myocardial infarction
successfully treated with percutaneous coronary intervention. Before the inclusion, 16 of 25 patients presented a
cardiac arrest in the presence of medical staff. Norepinephrine was titrated to increase mean arterial pressure
(MAP) from 65 to 85 mmHg during 1 h. Swan-Ganz variables, arterial and mixed venous blood gases, lactate,
and thenar near-infrared spectroscopy variables (muscle tissue oxygen saturation [StO2] and its changes during
a vascular occlusion test) were measured before, 1 h after norepinephrine uptitration, and 1 h after
norepinephrine downtitration. To obtain a MAP at 85 mmHg, norepinephrine was increased from 0.6 (0.28-1.2)
to 1.53 µg · kg · min (0.76-2.6 µg · kg · min) (P < 0.00001) (median and interquartile range), with no change in
heart rate. Norepinephrine uptitration significantly increased cardiac index (2.3 ± 0.5 to 2.8 ± 0.1 L · min · m),
cardiac power index (0.40 ± 0.1 to 0.55 ± 0.1 W/m), mixed venous oxygen saturation (69% ± 9% to 73% ± 9%), and
coronary perfusion pressure (32 ± 3 to 43 ± 4 mmHg). Lactate level decreased from 2.6 ± 1.7 to 1.6 ± 0.4 mmol/L
(P < 0.05). Pulmonary artery occlusion pressure remained unchanged. Regarding near-infrared spectroscopy
variables, all values except StO2 were significantly pathological when compared with healthy volunteers. The
StO2 recovery slope and delta StO2, respectively, increased from 3.0% ± 1.3%/s to 3.6% ± 1.3%/s and 10% ± 3% to
14% ± 4%, whereas StO2 did not change (83% ± 6% to 83% ± 7%). After H1, norepinephrine was decreased to
basal values, and all variables returned to baseline. In conclusion, a short-term increase in MAP with
norepinephrine in resuscitated cardiogenic shock complicated by postreperfusion disease is associated with
better cardiac performance and improved microcirculatory variables.
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31.

Sai et al. (2014). Detecting Concealed Information Using Functional Near-Infrared Spectroscopy

Abstract: The present study focused on the potential application of fNIRS in the detection of concealed
information. Participants either committed a mock crime or not and then were presented with a randomized
series of probes (crime-related information) and irrelevants (crime-irrelevant information) in a standard
concealed information test (CIT). Participants in the guilty group were instructed to conceal crime-related
information they obtained from the mock crime, thus making deceptive response to the probes. Meanwhile, their
brain activity to probes and irrelevants was recorded by functional near-infrared spectroscopy (fNIRS). At the
group level, we found that probe items were associated with longer reaction times and greater activity in
bilateral dorsolateral prefrontal cortex and supplementary motor cortex than irrelevant items in the guilty
group, but not in the innocent group. These findings provided evidence on neural correlates of recognition during
a CIT. Finally, on the basis of the activity in bilateral dorsolateral prefrontal cortex and supplementary motor
cortex, the correct classification of guilty versus innocent participants was approximately 75 % and the
combination of fNIRS and reaction time measures yielded a better classification rate of 83.3 %. These findings
illustrate the feasibility and promise of using fNIRS to detect concealed information.

32.

Bourdillon et al. (2014). Cerebral oxygenation during the Richalet hypoxia sensitivity test and
cycling time-trial performance in severe hypoxia

Abstract: Background: The Richalet hypoxia sensitivity test (RT), which quantifies the cardiorespiratory
response to acute hypoxia during exercise at an intensity corresponding to a heart rate of ~130 bpm in normoxia,
can predict susceptibility of altitude sickness. Its ability to predict exercise performance in hypoxia is unknown.
Objectives: Investigate: (1) whether cerebral blood flow (CBF) and cerebral tissue oxygenation (O2Hb;
oxygenated hemoglobin, HHb; deoxygenated hemoglobin) responses during RT predict time-trial cycling (TT)
performance in severe hypoxia; (2) if subjects with blunted cardiorespiratory responses during RT show greater
impairment of TT performance in severe hypoxia.
Study design: Thirteen men [27 ± 7 years (mean ± SD), Wmax: 385 ± 30 W] were evaluated with RT and the
results related to two 15 km TT, in normoxia and severe hypoxia (FIO2 = 0.11).
Results: During RT, mean middle cerebral artery blood velocity (MCAv: index of CBF) was unaltered with
hypoxia at rest (p > 0.05), while it was increased during normoxic (+22 ± 12 %, p < 0.05) and hypoxic exercise
(+33 ± 17 %, p < 0.05). Resting hypoxia lowered cerebral O2Hb by 2.2 ± 1.2 μmol (p < 0.05 vs. resting normoxia);
hypoxic exercise further lowered it to −7.6 ± 3.1 μmol below baseline (p < 0.05). Cerebral HHb, increased by 3.5 ±
1.8 μmol in resting hypoxia (p < 0.05), and further to 8.5 ± 2.9 μmol in hypoxic exercise (p < 0.05). Changes in
CBF and cerebral tissue oxygenation during RT did not correlate with TT performance loss (R = 0.4, p > 0.05 and
R = 0.5, p > 0.05, respectively), while tissue oxygenation and SaO2 changes during TT did (R = −0.76, p < 0.05).
Significant correlations were observed between SaO2, MCAv and HHb during RT (R = −0.77, −0.76 and 0.84
respectively, p < 0.05 in all cases).
Conclusions: CBF and cerebral tissue oxygenation changes during RT do not predict performance impairment in
hypoxia. Since the changes in SaO2 and brain HHb during the TT correlated with performance impairment, the
hypothesis that brain oxygenation plays a limiting role for global exercise in conditions of severe hypoxia
remains to be tested further.

33.

Sorensen et al. (2014). External carotid artery flow maintains near infrared spectroscopydetermined frontal lobe oxygenation during ephedrine administration

Abstract: Background: Phenylephrine and ephedrine affect frontal lobe oxygenation (Graphic) differently when
assessed by spatially resolved near infrared spectroscopy. We evaluated the effect of phenylephrine and
ephedrine on extra- vs intra-cerebral blood flow and on Graphic.
Methods: In 10 healthy males (age 20–54 yr), phenylephrine or ephedrine was infused for an ∼20 mm Hg
increase in mean arterial pressure. Cerebral oxygenation (SavO2) was calculated from the arterial and jugular
12
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bulb oxygen saturations. Blood flow in the internal carotid artery (ICAf) and blood flow in the external carotid
artery (ECAf) were assessed by duplex ultrasonography. Invos-5100c (SinvosO2) and Foresight (SforeO2)
determined Graphic while forehead skin oxygenation (SskinO2) was assessed.
Results: Phenylephrine reduced SforeO2 by 6.9% (95% confidence interval: 4.8–9.0%; P<0.0001), SinvosO2 by
10.5 (8.2–12.9%; P<0.0001), and ECAf (6–28%; P=0.0001), but increased ICAf (5–21%; P=0.003) albeit with no
consequence for SskinO2 or SavO2. In contrast, SforeO2 was maintained with administration of ephedrine while
SinvosO2 and SavO2 decreased [by 3.1 (0.7–4.5%; P=0.017) and 2.1 (0.5–3.3%; P=0.012)] as arterial carbon
dioxide pressure decreased (P=0.003). ICAf was stable and ECAf increased by 11 (4–18%; P=0.005) with
administration of ephedrine while SskinO2 did not change.
Conclusions: The effect of phenylephrine on Graphic is governed by a decrease in external carotid blood flow
since it increases cerebral blood flow as determined by flow in the internal carotid artery. In contrast, Graphic is
largely maintained with administration of ephedrine because blood flow to extracerebral tissue increases.

34.

Tando et al. (2014). Developmental changes in frontal lobe function during a verbal fluency task:
A multi-channel near-infrared spectroscopy study

Abstract: Objective: Near-infrared spectroscopy (NIRS) is commonly used to investigate continuous changes of
brain activation and has excellent time resolution. Verbal fluency task (VFT) is widely used as a
neuropsychological test of frontal lobe function. The aim of this study was to investigate normal developmental
change in frontal lobe function during VFT performance using multi-channel NIRS, specifically focusing on
oxygenation hemoglobin (oxyHb) changes. Methods: The subjects were 9 adults and 37 childrens who were all
healthy right-handed volunteers. Children were divided into four age groups (group A, 6–8 years; group B, 9–11
years; group C, 12–14 years; group D, 15–18 years). The [oxyHb] changes were measured with 22 channels of
NIRS during VFT. We defined the frontopolar region as the region of interest for analysis, and calculated the Zscore to compare the data between groups. Results: The task performance changed with age. There were
significant differences between group A and other groups. The Z-score of [oxyHb] also significantly increased
with age, when comparing adults to groups A and B. The task performances decreased with time in all groups. In
contrast, [oxyHb] only continued to increase in the adult group. Conclusion: The verbal retrieval functions begin
to mature in early adolescence and continue to grow up to adulthood.

35.

Kurz et al. (2014). An fNIRS exploratory investigation of the cortical activity during gait in
children with spastic diplegic cerebral palsy

Abstract: Objective: The primary aim of this exploratory investigation was to determine if there are differences
in cortical activation of children with spastic diplegic cerebral palsy (CP) and typically developing children
during gait. Methods: Functional near-infrared spectroscopy was used to measure the concentration of
oxygenated hemoglobin that was present in the supplementary motor area, pre-central gyrus, post-central gyrus
and superior parietal lobule as the children walked on a treadmill. A sagittal plane video was concurrently
collected and later digitized to quantify the temporal gait variations. Results: (1) The children with CP had an
increased amount of activation in the sensorimotor cortices and superior parietal lobule during gait, (2) the
children with CP had a greater amount of variability or error in their stride time intervals, and (3) an increased
amount of error in the temporal gait kinematics was associated with an increased amount of activity across the
cortical network. Conclusion: Our results suggest that the perinatal damage and subsequent neural
reorganization that occurs with spastic diplegic CP may impact the functional cortical activity for controlling
gait. Furthermore, our results imply the increased cortical activity of the somatosensory cortices and superior
parietal cortices may underlie the greater amount of error in the temporal gait kinematics.

13

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 2, Issue 1 (January-March 2014)

36.

Conforti et al. (2014). Near infrared spectroscopy: experience on esophageal atresia infants

Abstract: Objective: Near infrared spectroscopy (NIRS) gradually became the gold standard to guide anesthetic
conduction during cardiac surgery, and nowadays, it is commonly utilized to monitor cerebral oxygenation
during invasive procedures. Preterm babies also benefit from this non-invasive monitoring to prevent
neurological sequelae. However, few data are available on NIRS perioperative changes in newborn operated on
for major non-cardiac malformations. Aim of the present study is to evaluate the usefulness of NIRS assessment
during and after esophageal atresia (EA) correction and its correlation with clinical behavior.
Patients and Methods: All patients treated for EA from May 2011 were prospectively enrolled in the study. All
infants underwent to “open” correction of EA and cerebral and splanchnic NIRS was applied up to 48 hours after
surgery. Body temperature, blood pressure, pH, paSO2, paCO2, urine output, were recorded during NIRS
registration. Mann–Whitney test and 1- way ANOVA (Kruskal-Wallis and Dunn’s multiple comparison tests)
was used as appropriate
Results: Seventeen patients were enrolled into the study and 13 were available for the analysis. Four patients
were excluded because poor NIRS registration. Cerebral and renal NIRS values significantly decreased at 24
hours post-operatively (p < 0.05). Interestingly, all parameters studied as possible confounders in NIRS
remained stable during the study period. Urine output significantly decreased
Conclusion: Our data confirmed that perioperative monitoring of tissue oxigenation during neonatal esophageal
surgery is feasible. Cerebral and renal NIRS evaluation, as for cardiac patients, may guide anesthetic conduction
and postoperative care. Out data suggest a newly observed hemodynamic reorganization during esophageal
surgery involving renal and, probably, splanchnic blood flow redistribution, demonstrated by the observed
subsequent significant post-operative transitory decrease in urinary output. Reducing the decrement in cerebral
and renal NIRS values may improve, and ideally eliminate, the well-known late sequelae linked to hemodynamic
changes during surgery. More studies are needed to better understand the causes of the NIRS described
hemodynamic changes and, therefore, correct them.

37.

Miyaji et al. (2014). Acoustic Signals of a Dog and Cat Induce Hemodynamic Responses within
the Human Brain

Abstract: The objective of this study was to evaluate the response of the human frontal cortex when listening to
cat meows and dog barks, accompanied with a non-verbal pictorial using an affective rating system that assesses
the dimensions of valence and arousal. Each participant (24 students; 12 females and 12 males) sat individually
in the middle of a room and listened to the sounds (cat meows, dog barks, and the sound of a train) through
ceiling-mounted speakers with a near infrared spectroscopic (NIRS) device. Participants had significantly higher
oxygenated hemoglobin (oxy-Hb) levels during the exposure to meows (p < 0.05) and barks (p < 0.01) compared
with the train sound. A significant correlation was observed between the dimensions of valence and oxy-Hb
activation when the participants listened to cat meows (r = 0.53, p < 0.017; Bonferroni correction). In conclusion,
we found that the acoustic signals of companion animals lead to frontal cortex responses in humans, suggesting
that their signals have an important function related to their long coexistence with people.

38.

Guhn et al. (2014). Medial prefrontal cortex stimulation modulates the processing of conditioned
fear

Abstract: The extinction of conditioned fear depends on an efficient interplay between the amygdala and the
medial prefrontal cortex (mPFC). In rats, high-frequency electrical mPFC stimulation has been shown to
improve extinction by means of a reduction of amygdala activity. However, so far it is unclear whether
stimulation of homologues regions in humans might have similar beneficial effects. Healthy volunteers received
one session of either active or sham repetitive transcranial magnetic stimulation (rTMS) covering the mPFC
while undergoing a 2-day fear conditioning and extinction paradigm. Repetitive TMS was applied offline after
fear acquisition in which one of two faces (CS+ but not CS−) was associated with an aversive scream (UCS).
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Immediate extinction learning (day 1) and extinction recall (day 2) were conducted without UCS delivery.
Conditioned responses (CR) were assessed in a multimodal approach using fear-potentiated startle (FPS), skin
conductance responses (SCR), functional near-infrared spectroscopy (fNIRS), and self-report scales. Consistent
with the hypothesis of a modulated processing of conditioned fear after high-frequency rTMS, the active group
showed a reduced CS+/CS− discrimination during extinction learning as evident in FPS as well as in SCR and
arousal ratings. FPS responses to CS+ further showed a linear decrement throughout both extinction sessions.
This study describes the first experimental approach of influencing conditioned fear by using rTMS and can thus
be a basis for future studies investigating a complementation of mPFC stimulation to cognitive behavioral
therapy (CBT).

39.

Foss et al. (2014). Effect of phenylephrine vs. ephedrine on frontal lobe oxygenation during
caesarean section with spinal anesthesia: an open label randomized controlled trial

Abstract: Background: During caesarean section spinal anesthesia may provoke maternal hypotension that we
prevent by administration of phenylephrine and/or ephedrine. Phenylephrine is however reported to reduce the
near infrared spectroscopy-determined frontal lobe oxygenation (ScO2) but whether that is the case for patients
exposed to spinal anesthesia is not known. Objectives: To evaluate the impact of phenylephrine vs. ephedrine on
ScO2during caesarean section with spinal anesthesia in a single center, open-label parallel-group study with
balanced randomization of 24 women (1:1). Secondary aims were to compare the effect of the two drugs on
maternal hemodynamics and fetal heart rate. Intervention: Ephedrine (0.8-3.3 mg/min) vs. phenylephrine
infusion (0.02-0.07 mg/min). Results: For the duration of surgery, administration of ephedrine maintained ScO2
(compared to baseline +2.1 ± 2.8%; mean ± SE, while phenylephrine reduced ScO2 (-8.6 ± 2.8%; p = 0.005) with a
10.7% difference in ScO2between groups (p = 0.0106). Also maternal heart rate was maintained with ephedrine
(+3 ± 3 bpm) but decreased with phenylephrine (-11 ± 3 bpm); difference 14 bpm (p = 0.0053), but no significant
difference in mean arterial pressure (p = 0.1904) or CO (p = 0.0683) was observed between groups. The two drugs
also elicited an equal increase in fetal heart rate (by 19 ± 3 vs. 18 ± 3 bpm; p = 0.744). Conclusion: In the choice
between phenylephrine and ephedrine for maintenance of blood pressure during caesarean section with spinal
anesthesia, ephedrine maintains frontal lobe oxygenation and maternal heart rate with a similar increase in
fetal heart rate as elicited by phenylephrine.

40.

Rotkamp et al. (2014). O2 supplementation to secure the near-infrared spectroscopy determined
brain and muscle oxygenation in vascular surgical patients: a presentation of 100 cases

Abstract: This study addresses three questions for securing tissue oxygenation in brain (rScO2) and muscle
(SmO2) for 100 patients (age 71 ± 6 years; mean ± SD) undergoing vascular surgery: (i) Does preoxygenation
(inhaling 100% oxygen before anesthesia) increase tissue oxygenation, (ii) Does inhalation of 70% oxygen during
surgery prevent a critical reduction in rScO2 (<50%), and (iii) is a decrease in rScO2 and/or SmO2 related to
reduced blood pressure and/or cardiac output? Intravenous anesthesia was provided to all patients and the
intraoperative inspired oxygen fraction was set to 0.70 while tissue oxygenation was determined by INVOS
5100C. Preoxygenation increased rScO2 (from 65 ± 8 to 72 ± 9%; P < 0.05) and SmO2 (from 75 ± 9 to 78 ± 9%; P <
0.05) and during surgery rScO2 and SmO2 were maintained at the baseline level in most patients. Following
anesthesia and tracheal intubation an eventual change in rScO2 correlated to cardiac output and cardiac stroke
volume (coefficient of contingence = 0.36; P = 0.0003) rather to a change in mean arterial pressure and for five
patients rScO2 was reduced to below 50%. We conclude that (i) increased oxygen delivery enhances tissue
oxygenation, (ii) oxygen supports tissue oxygenation but does not prevent a critical reduction in cerebral
oxygenation sufficiently, and (iii) an eventual decrease in tissue oxygenation seems related to a reduction in
cardiac output rather than to hypotension.
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41.

Bhutta et al. (2014). Three wavelengths near-infrared spectroscopy system for compensating the
light absorbance by water

Abstract: Given that approximately 80% of blood is water, we develop a wireless functional near-infrared
spectroscopy system that detects not only the concentration changes of oxy- and deoxy-hemoglobin (HbO and
HbR) during mental activity but also that of water (H2O). Additionally, it implements a water-absorption
correction algorithm that improves the HbO and HbR signal strengths during an arithmetic task. The system
comprises a microcontroller, an optical probe, tri-wavelength light emitting diodes, photodiodes, a WiFi
communication module, and a battery. System functionality was tested by means of arithmetic-task experiments
performed by healthy male subjects.

42.

Pierro et al. (2014). Reduced speed of microvascular blood flow in hemodialysis patients versus
healthy controls: a coherent hemodynamics spectroscopy study

Abstract: We present a pilot clinical application of coherent hemodynamics spectroscopy (CHS), a technique to
investigate cerebral hemodynamics at the microcirculatory level. CHS relies on frequency-resolved
measurements of induced cerebral hemodynamic oscillations that are measured with near-infrared spectroscopy
(NIRS) and analyzed with a hemodynamic model. We have used cyclic inflation (200 mmHg) and deflation of a
pneumatic cuff placed around the subject’s thigh at seven frequencies in the range of 0.03 to 0.17 Hz to generate
CHS spectra and to obtain a set of physiological parameters that include the blood transit times in the cerebral
microcirculation, the cutoff frequency for cerebral autoregulation, and blood volume ratios across the three
different compartments. We have investigated five hemodialysis patients, during the hemodialysis procedure,
and six healthy subjects. We have found that the blood transit time in the cerebral microcirculation is
significantly longer in hemodialysis patients with respect to healthy subjects. No significant differences were
observed between the two groups in terms of autoregulation efficiency and blood volume ratios. The
demonstration of the applicability of CHS in a clinical setting and its sensitivity to the highly important cerebral
microcirculation may open up new opportunities for NIRS applications in research and in medical diagnostics
and monitoring.

43.

Machado et al. (2014). Optimal optode montage on electroencephalography/functional nearinfrared spectroscopy caps dedicated to study epileptic discharges

Abstract: Functional near-infrared spectroscopy (fNIRS), acquired simultaneously with electroencephalography
(EEG), allows the investigation of hemodynamic brain responses to epileptic activity. Because the presumed
epileptogenic focus is patient-specific, an appropriate source/detector (SD) montage has to be reconfigured for
each patient. The combination of EEG and fNIRS, however, entails several constraints on montages, and finding
an optimal arrangement of optodes on the cap is an important issue. We present a method for computing an
optimal SD montage on an EEG/fNIRS cap that focuses on one or several specific brain regions; the montage
maximizes the spatial sensitivity. We formulate this optimization problem as a linear integer programming
problem. The method was evaluated on two EEG/fNIRS caps. We simulated absorbers at different locations on a
head model and generated realistic optical density maps on the scalp. We found that the maps of optimal SD
montages had spatial resolution properties comparable to those of regular SD arrangements for the whole head
with significantly fewer sensors than regular SD arrangements. In addition, we observed that optimal montages
yielded improved spatial density of fNIRS measurements over the targeted regions together with an increase in
signal-to-noise ratio.
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44.

Shibuya et al. (2014). Changes in ipsilateral motor cortex activity during a unilateral isometric
finger task are dependent on the muscle contraction force

Abstract: It is possible to examine bilateral primary motor cortex (M1) activation during a sustained motor task
using near-infrared spectroscopy (NIRS), in which it is assumed that increased oxygenation reflects cortical
activation. The purpose of this study was to examine bilateral M1 activation in response to graded levels of force
production during a unilateral finger task. Ten healthy right-handed male subjects participated in this study.
NIRS probes were placed over the cortex to measure M1 activity while the subjects performed the finger task.
The subjects performed a 10 s finger task at 20%, 40%, and 60% of the maximal voluntary contraction (MVC).
Symmetrical activation was found over both M1 areas at all force levels investigated. In the contralateral M1,
there were significant differences in oxygenation between 20% and 60% MVC, as well as between 40% and 60%
MVC. In the ipsilateral M1, there were significant differences among all force levels. These results indicate the
ipsilateral M1 takes part in muscle force control.

45.

Pu et al. (2014). A pilot study on the effects of cognitive remediation on hemodynamic responses
in the prefrontal cortices of patients with schizophrenia: A multi-channel near-infrared
spectroscopy study

Abstract: The regional neuronal changes taking place between before and after cognitive rehabilitation are still
not characterized in schizophrenia patients. In addition, it is not known whether these regional changes are
predictive or correlated with treatment response. We conducted a preliminary quasi-experimental study to
investigate the effects of a Neuropsychological Educational Approach to Cognitive Remediation (NEAR), one of
the cognitive remediation therapies, on neurocognitive functioning assessed by the Japanese version of the Brief
Assessment of Cognition in Schizophrenia (BACS-J), and on prefrontal and temporal hemodynamic responses
during working memory (WM) task (2-back, letter version) using 52-channel near-infrared spectroscopy (NIRS).
We assessed 19 patients with schizophrenia or schizoaffective disorder twice with an interval of 6 months.
Moreover, taking into consideration the possible practice effect, we assessed 12 control patients twice with an
interval of 6 months. The NEAR group, in comparison with the control group, showed significant improvement in
two subcomponents of BACS-J, that is, motor speed and executive function along with the composite scores. The
NEAR group also showed a significant increase in brain activation in the bilateral cortical regions associated
with WM, and in comparison with the control group the between-group differences were restricted to the right
frontopolar area. In addition, the amount of enhancement in some cognitive subcomponents was positively
correlated with the magnitude of an increase in hemodynamic response during WM task predominantly in the
right hemispheres. These findings suggest that neurocognitive deficits in schizophrenia and their neural
dysfunction may be improved by NEAR, and NIRS may be a useful tool to assess the changes of the neural
activity underlying the improvement of neurocognitive functioning elicited by neurocognitive rehabilitation.

46.

Yuan et al. (2014). A parallel framework for simultaneous fNIRS/fMRI fusion

Abstract: Concurrent fNIRS/fMRI recordings represent multiple, simultaneously active, regionally overlapping
neural hemodynamic responses. In this study, we propose a novel parallel framework for the spatiotemporal
fNIRS/fMRI fusion to address the issues due to the overlapping nature of these responses. The developed fusion
techniques employ the Independent Component Analysis (ICA) to recover the time courses and spatial mapping
components from fNIRS and fMRI separately. Then the correlated components from each imaging modality are
combined concurrently in the spatial and temporal domain for fMRI-guided fNIRS and fNIRS aided fMRI.
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47.

Ishikawa et al. (2014). Correlation between asymmetry of spontaneous oscillation of
hemodynamic changes in the prefrontal cortex and anxiety levels: a near-infrared
spectroscopy study

Abstract: According to the valence asymmetry hypothesis, the left/right asymmetry of prefrontal cortex (PFC)
activity is correlated with specific emotional responses to mental stress and personality traits. Here, we
evaluated the relation between emotional state and asymmetry in PFC activity at rest by using near-infrared
spectroscopy (NIRS). We measured spontaneous oscillation of oxyhemoglobin (oxy-Hb) concentrations in the
bilateral PFC at rest in normal adults employing two-channel NIRS. In order to analyze left/right asymmetry of
PFC activity at rest, we calculated the laterality index at rest (LIR) (see text). We investigated the correlation
between the LIR and anxiety levels evaluated by the State-Trait Anxiety Inventory (STAI) test. We found that
the right PFC was more active at rest than the left PFC, corresponding to a higher anxiety level measured by the
STAI; that is, subjects with right-dominant activity at rest showed higher STAI scores, while those with leftdominant oxy-Hb changes at rest showed lower STAI scores. Aging had no significant effect on the relation. The
present results obtained by NIRS are consistent with the valence asymmetry hypothesis. We emphasize NIRS
may be a useful tool for objective assessment of anxiety levels.

48.

Ostadal et al. (2014). Noninvasive assessment of hemodynamic variables using near-infrared
spectroscopy in patients experiencing cardiogenic shock and individuals undergoing
venoarterial extracorporeal membrane oxygenation

Abstract: Purpose: The relationship between near-infrared spectroscopy cerebral oximetry (CrSO2), peripheral
oximetry (PrSO2) and hemodynamic variables is not fully understood.
Methods: The relationship between CrSO2/PrSO2 and cardiac index (CI), systemic vascular resistance index
(SVRI) and mean arterial pressure (MAP) in patients experiencing cardiogenic shock and those undergoing
venoarterial extracorporeal membrane oxygenation (ECMO) was retrospectively analyzed; in patients on ECMO,
total circulatory index (TCI) was calculated from the sum of CI and extracorporeal blood flow index.
Results: In patients experiencing cardiogenic shock (n = 10), significant correlations between PrSO2 values and
CI (Spearman r = 0.81; P < .0001), SVRI (r = − 0.45; P < .0001), and MAP (r = 0.58; P < .0001) were found.
Significant correlations between CrSO2 and CI (r = 0.55; P < .0001) and SVRI (r = − 0.47; P < .0001), but not
MAP, were observed. Linear regression analysis revealed that CI could be calculated using the following
equation: CI = PrSO2/24.0. In patients on VA ECMO (n = 12), significant correlations were found between PrSO2
and TCI (r = 0.68; P < .0001), SVRI (r = − 0.47; P < .0001), and MAP (r = 0.27; P = .025). Significant correlations
were also found between CrSO2 and TCI (r = 0.68; P < .0001) and SVRI (r = − 0.51; P < .0001), but not MAP.
Conclusions: Results of the present study suggest that CrSO2 and PrSO2 in particular can be used for
noninvasive estimation and monitoring of global circulatory status in patients experiencing cardiogenic shock
and individuals undergoing ECMO.

49.

Xu et al. (2014). Improving classification by feature discretization and optimization for fNIRSbased BCI

Abstract: In this paper, we present a signal discretization and feature selection method to improve classification
accuracy for fNIRS based brain computer interface (BCI) system, which can classifiy right hand clench force
motor imagery and clench speed motor imagery at an accuracy of 69%-81% through 5 fold cross validation in 6
subjects. Difference between oxyhemoglobin and deoxyhemoglobin (we abbreviate this difference as HbD) is
proposed as a new feature type and shows outstanding performance in some subjects. Linear kernal support
vector machine (SVM) classification between clench force motor imagery and clench speed motor imagery using
four concentration feature types (oxyhemoglobin, deoxyhemoglobin, totalhemoglobin, and HbD) is implemented.
Our results demonstrate that feature discretization using Chi2 algorighm and feature optimization using ‘MIFS’
(Mutual Information Feature Selection) criterion can improve the classification accuracy by more than 35%.
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Except total hemoglobin, all the other three feature types can be used as the optimum feature for different
subjects. The results of this paper can also be used in online BCI applications.

50.

Solovey et al. (2014). Classifying driver workload using physiological and driving performance
data: two field studies

Abstract: Understanding the driver’s cognitive load is important for evaluating in-vehicle user interfaces.
This paper describes experiments to assess machine learning classification algorithms on their ability to
automatically identify elevated cognitive workload levels in drivers, leading towards the development of
robust tools for automobile user interface evaluation. We look at using both driver performance as well as
physiological data. These measures can be collected in real-time and do not interfere with the primary task
of driving the vehicle. We report classification accuracies of up to 90% for detecting elevated levels of
cognitive load, and show that the inclusion of physiological data leads to higher classification accuracy
than vehicle sensor data evaluated alone. Finally, we show results suggesting that models can be built to
classify cognitive load across individuals, instead of building individual models for each person. By collecting
data from drivers in two large field studies on the highway (20 drivers and 99 drivers), this work extends
prior work and demonstrates feasibility and potential of such measures for HCI research in vehicles.

51.

Jang et al. (2014). Cortical activation change induced by neuromuscular electrical stimulation
during hand movements: a functional NIRS study

Abstract: Objectives: Neuromuscular electrical stimulation (NMES) has been used in the field of rehabilitation
for a long time. Previous studies on NMES have focused on the peripheral effect, in contrast, relatively little is
known about the effect on the cerebral cortex. In the current study, we attempted to investigate the change of
cortical activation pattern induced by NMES during execution of hand movements in normal subjects, using
functional near infrared spectroscopy (fNIRS).
Methods: Twelve healthy normal subjects were randomly assigned to the NMES group (six subjects) and the
sham group (six subjects). We measured oxy-hemoglobin (HbO) in six regions of interest (ROI) during pre-NMES
and post-NMES motor phase; the left dorsolateral and ventrolateral prefrontal cortex, premotor cortex, primary
sensory-motor cortex (SM1), hand somatotopic area of SM1, and posterior parietal cortex. Between the preNMES and the post-NMES motor phases, real or sham NMES was applied on finger and wrist extensors of all
subjects during a period of 5 minutes.
Results: In all groups, during the pre-NMES motor phase, the HbO value in the hand somatotopic area of the left
SM1 was higher than those of other ROIs. In the NMES group, during the post-NMES motor phase, HbO value
variation in the hand somatotopic area of the left SM1 showed a significant decrease, compared with that of
sham group (p < 0.05). However, in the sham group, similar aspect of results in HbO values of all ROIs was
observed between pre-NMES and post-NMES motor phases (p > 0.05).
Conclusions: Results of this study showed that NMES induced a decrease of cortical activation during execution
of hand movements. This finding appears to indicate that application of NMES can increase the efficiency of the
cerebral cortex during execution of motor tasks.

52.

Seki et al. (2014). Regional tissue oxygen saturation measured by near-infrared spectroscopy to
assess the depth of burn injuries

Abstract: The burn severity depends on the wound depth and area affected. Hitherto burn depth has been
judged mainly by visual observation, although concerns have been raised about its validity. The regional tissue
blood flow (rTBF) measured by laser Doppler imaging (LDI) in damaged tissue correlates with the depth.
However, very few reports are available on the significance of the regional tissue oxygen saturation (rSO2) as an
indicator of burn depth. We investigated whether rSO2 by Near-infrared spectroscopy (NIRS) in burn injuries
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correlates with rTBF by LDI, which would facilitate quantification of the severity of the tissue damage. Methods:
We measured rTBF and rSO2 in 50 lesions from 14 patients of burn injury within 24 hours after injury. The
correlation between rTBF and rSO2 was evaluated by Spearman rank correlation analysis. Results: The rSO2
(%; range, 52-82) by NIRS and the rTBF (perfusion unit; range, 61-704) by LDI in burn lesions were positively
correlated (r=0.755, p<0.001). This statistically positive correlation still remained significant (r=0.678, p<0.001)
after the rSO2 values were standardized. Conclusion: This study suggests that NIRS determination of rSO2 in
burn injuries shows promise as a reliable and quick method to estimate the depth of burn lesion.

53.

Asplund et al. (2014). Photon path depth in tissue phantoms: a comparison of visible and nearinfrared (NIR) wavelengths

Abstract: Optical spectroscopy is being used increasingly in medical applications to noninvasively investigate
tissues below the skin. In order to assure adequate sampling of tissues underlying the skin, photon penetration
depth must be known. Photon penetration in tissues has been studied with near-infrared (NIR) light, but
experimental study of visible light propagation in tissue has been limited. In this study, a micro-motion system
coupled with a reflectance spectroscopy system was used to determine the penetration depth of visible-range and
NIR photons (535-800 nm) in phantoms composed of Intralipid and hemoglobin. An absorbing target was placed
at intervals of 0.1mm along a 15mm line perpendicular to and bisecting the line between the ends of the source
and detector optical fiber bundles. Comparisons between detected light intensities at different target positions
were used to determine the most probable photon path depths at 576 nm and at 760 nm. Scattering coefficients,
hemoglobin concentrations, and source-detector separations were varied to evaluate their effects on the
penetration depth of photons. Results from phantoms containing Intralipid only showed that the most-probable
penetration depth at 576 nm was comparable to that at 760 nm. Larger sourcedetector separations resulted in
deeper photon penetration depths for both spectral regions. Changes in scattering over a 4-fold range did not
affect the photon path depth appreciably. In the presence of hemoglobin with a source-detector separation of 13
mm, the most probable depth of photon penetration in the visible range was greater than 2.5 mm, and was
within 1 mm of the most probable depth of photon penetration in the NIR. This study demonstrates the
feasibility of using the visible and NIR regions in transcutaneous reflectance spectroscopy.

54.

Rey-Santano et al. (2014). Evaluation of Fentanyl Disposition and Effects in Newborn Piglets as
an Experimental Model for Human Neonates

Abstract: Background: Fentanyl is widely used off-label in NICU. Our aim was to investigate its cerebral,
cardiovascular and pulmonary effects as well as pharmacokinetics in an experimental model for neonates.
Methods: Fentanyl (5 µg/kg bolus immediately followed by a 90 minute infusion of 3 µg/kg/h) was administered
to six mechanically ventilated newborn piglets. Cardiovascular, ventilation, pulmonary and oxygenation indexes
as well as brain activity were monitored from T = 0 up to the end of experiments (T = 225–300 min). Also plasma
samples for quantification of fentanyl were drawn.
Results: A “reliable degree of sedation” was observed up to T = 210–240 min, consistent with the selected dosing
regimen and the observed fentanyl plasma levels. Unlike cardiovascular parameters, which were unmodified
except for an increasing trend in heart rate, some of the ventilation and oxygenation indexes as well as brain
activity were significantly altered. The pulmonary and brain effects of fentanyl were mostly recovered from T =
210 min to the end of experiment.
Conclusion: The newborn piglet was shown to be a suitable experimental model for studying fentanyl disposition
as well as respiratory and cardiovascular effects in human neonates. Therefore, it could be extremely useful for
further investigating the drug behaviour under pathophysiological conditions.
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55.

Kay et al. (2014). The role of cerebral oxygenation on tolerance to central hypovolemia

Abstract: Purpose (a): Tolerance to central hypovolemia varies between individuals, and recent studies have
shown that protection of absolute cerebral blood flow is not an underlying mechanism. We hypothesized that
subjects with high tolerance (HT) to central hypovolemia maintain cerebral oxygenation (ScO2) at higher levels
of lower body negative pressure (LBNP) compared to their low tolerant (LT) counterparts, despite similar
reductions in absolute flow.
Methods (b): 15 healthy human subjects (10 male; 5 female) were instrumented for assessment of ScO2 (via nearinfrared spectroscopy, NIRS) and mean middle cerebral artery velocity (MCAv; via transcranial Doppler, TCD).
All subjects completed a presyncopal-limited lower body negative pressure (LBNP) protocol with an onset rate of
3 mmHg/min. Subjects who made it to ≥80mmHg LBNP were classified as HT, and subjects who made it to ≤70
mmHg LBNP were classified as LT.
Results (c): The minimum difference in LBNP tolerance between the HT (N=6) and LT (N=9) group was 206 s
(LT=1400±104 s vs. HT=2080±65 s; P=0.0003). Up to -45 mmHg LBNP, ScO2 was maintained in HT subjects
(P≥0.538), while the LT (N=9) subjects had a progressive decrease in ScO2 (P≤0.016) from baseline. MCAv
decreased from baseline in both HT and LT subjects (P≤0.022). There was a strong linear relationship between
%∆ MCAv and %∆ ScO2 within the LT group (R2=0.98; P=0.013), whereas a weaker association between
perfusion and oxygenation (R2=0.53; P=0.271) was observed in the HT group.
Conclusions (d): In support of our hypothesis, higher tolerance to progressive central hypovolemia was associated
with the protection of ScO2, despite an early and significant reduction in cerebral blood flow. This may have
important clinical implications for the monitoring of cerebral perfusion and oxygenation in trauma patients.

56.

Yuan et al. (2014). Listen to photon propagation in biological tissues: quantitative optical
scattering imaging and high-resolution diffuse optical tomography using photoacoustic
measurements

Abstract: Biomedical photoacoustic tomography (PAT), as a future imaging modality, can visualize the internal
structure and function of soft tissues with high spatial resolution and excellent optical contrast as well as
satisfactory imaging depth. A key issue for this unique imaging technique is to recover both the optical
absorption and scattering coefficients from the measured acoustic data. Previous attempts in quantitative
PAT(qPAT) have been implemented to deduce the map of absorption coefficient from the absorbed energy density
using either a model-based method or the invasive measurement techniques when an assumed scattering
coefficient is used. However, optical scattering in biological tissue typically dominates over absorption by an
order of magnitude or more. Due to this effect it is very challenging to image tissues with highly scattering and
accurately recover the absorption coefficient photoacoustically. In this study we propose and validate by
experiment tests that quantitative scattering map can be recovered using the measured acoustic data from onewavelength illumination. The developed reconstruction algorithm relies on PAT and coupled diffusion equation
to recover the optical absorption coefficient and energy density, and the diffusion model only to recover the
optical scattering coefficients. In particular, this algorithm has the capability to resolve the crosstalk issue in
diffuse optical tomography (DOT) and achieve high resolution DOT using acoustics measurements.

57.

Almajidy et al. (2014). Estimating the spatial resolution of fNIRS sensors for BCI purposes

Abstract: Differential near infrared sensors recently sparked a growing interest as a promising measuring
modality for brain computer interfacing. In our study we present the design and characterization of novel,
differential functional NIRS sensors, intended to record hemodynamic changes of the human motor cortex in the
hand-area during motor imagery tasks. We report on the spatial characterization of a portable, multi-channel
NIRS system with one module consisting of two central light emitting diodes (LED) (770 nm and 850 nm) and
four symmetric pairs of radially aligned photodiodes (PD) resembling a plus symbol. The other sensor module
features four similar, differential light paths crossing in the center of a star. Characterization was performed on
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a concentric, double beaker phantom, featuring a PBS/intralipid/blood mixture (97/1/2%). In extension of
previous work, the inner, oxygenated beaker was covered by neoprene sleeves with holes of various sizes, thus
giving an estimate on the spatial limits of the NIRS sensor’s measurement volume. The star shaped sensor
module formed a diffuse focus of approximately 3 cm in diameter at 1.4 cm depth, whereas the plus shaped
arrangement suggested a concentric ring of four separate regions of interest, overall larger than 6 cm. The
systems measurement sensitivity could be improved by removing ambient light from the sensing photodiodes by
optical filtering. Altogether, we conclude that both our novel fNIRS design as well as its electronics perform well
in the double-layered oxygenation phantom and are thus suitable for in-vivo testing.

58.

Cui et al. (2014). Wavelet coherence analysis of spontaneous oscillations in cerebral tissue
oxyhemoglobin concentrations and arterial blood pressure in elderly subjects

Abstract: This study aims to assess the relationship between spontaneous oscillations in changes in cerebral
tissue oxyhemoglobin concentrations (Delta [HbO2]) and arterial blood pressure (ABP) signals in healthy elderly
subjects during the resting state using wavelet coherence analysis. Continuous recordings of near-infrared
spectroscopy (NIRS) and ABP signals were obtained from simultaneous measurements in 33 healthy elderly
subjects (age: 70.7 ± 7.9 years) and 27 young subjects (age: 25.2 ± 3.7 years) during the resting state. The
coherence between Delta [HbO2] and ABP oscillations in six frequency intervals (I, 0.4–2 Hz; II, 0.15–0.4 Hz; III,
0.05–0.15 Hz; IV, 0.02–0.05 Hz, V, 0.005–0.0095 Hz and VI, 0.005–0.0095 Hz) was analyzed using wavelet
coherence analysis. In elderly subjects, the Delta [HbO2] and ABP oscillations were significantly wavelet
coherent in interval I, and wavelet phase coherent in intervals I, II and IV. The wavelet coherence in interval I
was significantly higher (p = 0.040), in elderly subjects than in young subjects whereas that in interval V
significantly lower (p = 0.015). In addition, the wavelet phase coherence in interval IV was significantly higher in
elderly subjects than in young subjects (p = 0.028). The difference in the wavelet coherence of the elderly subjects
and the young subjects indicates an altered cerebral autoregulation caused by aging. This study provides new
insight into the dynamics of Delta [HbO2] and ABP oscillations and may be useful in identifying the risk for
dynamic cerebral autoregulation processes.

59.

Tanifji et al. (2014). Theory and experiments on time-resolved reflectance from adult heads for
functional tomographic imaging of brain activities

Abstract: Finite difference time domain (FDTD) analysis has been formulated for predicting time-resolved
reflectance from an adult head model with brain grooves containing a non-scattering layer. Mean delay (MD)
dependences on source detector separation (d) and time-resolved reflectance calculated using the FDTD analysis
were compared with in vivo experiments of human heads. It is shown that the theoretical and experimental MD
dependences on d and the time-resolved reflectance are well predicted by FDTD analysis. These results have
shown that tomographic imaging of brain activities is promising, which improves depth sensitivities by
enhancing the contribution of late photons in time-resolved systems.

60.

Pfurtscheller et al. (2014). Entrainment of spontaneous cerebral hemodynamic oscillations to
behavioral responses

Abstract: Entrainment in physiological systems can be manifest in cases where phase-coupling
(synchronization) between slow intrinsic oscillations and periodic motor responses, or vice versa, takes place. To
test whether voluntary movement has something in common with entrainment of slow hemodynamic oscillations
to motor responses, we studied blood pressure (BP), heart rate beat-to-beat intervals (RRI) and prefrontal
(de)oxyhemoglobin (Hb/HbO2) during 5 min of rest, 10 min of self-paced, voluntary movements and 10 min of
stimulus-paced movements at 10 s intervals in 9 subjects. Subjects were divided into 2 groups according to the
timing of voluntary finger movements. It appeared that these movements occurred at relatively regular intervals
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of approximately 10 s in 5 subjects (group A); while 4 subjects showed random or very short inter-movement
intervals (group B). Two remarkable results were obtained: first, the phase coupling (COH2) between BP and
RRI showed a significant (p = 0.0061) interaction between activity (rest vs. movement) and group (A vs. B), with
an increased (p = 0.0003) coupling in group A. Second, the COH2 between BP and Hb oscillations showed a
significant (p = 0.034) interaction between activity and group, with a decreased (p = 0.079) coupling in group B.
These results suggest that subjects able to initiate self-paced, voluntary movements at relatively regular
intervals of ∼10 s show an entrainment potential between physiological oscillations and motor responses. This
also provides the first evidence that not only physiological oscillations can be entrained to motor responses, but
also motor responses (voluntary movements) can be entrained to slow intrinsic oscillations.

61.

Nakagawa et al. (2014). Pseudo-“blindsight” under exposure to extremely low frequency
electromagnetic fields

Abstract: To show distinct evidence of the pseudo-blindsight caused by electromagnetic stimulations in order to
reveal a cure for lost visual functions, it is necessary to investigate the differences from the usual optic pathway
in terms of the data processing route from the electromagnetically stimulated retina. For elucidating the scheme
of phosphenes like blindsight, we designed a new stimulus coil system and measured the hemodynamic
responses in the occipital regions during the stimulations, employing a functional brain-imaging technique.
Results showed the possibility that the phosphene as a pseudo-blindsight induces activation of a parietal
association area by an alternate route without the primary visual cortex and can be expected as therapy for lost
visual functions.

62.

Takizawa et al. (2014). Effect of Motivative Exercise Studied by fNIRS: Introduction to the
Rehabilitation Day Care Users

Abstract: Motivative exercise was introduced into the Geriatric Health Services Facilities and the evaluation of
both motivative exercise and passive exercise were compared by functional Near-InfraRed Spectroscopy (fNIRS)
in 11 subjects in March, 2010. Moreover, the randomized controlled trial (RCT) in two groups: 13 subjects with
motivative exercise and 15 subjects without it for three months. In the brain fNIRS, motivative exercise for both
knee extension and plantar flexion showed a significantly more activation than passive exercise (p<0.05).
Though the effect on the lower limb ROM was seen in two cases, there was not any significant difference
between the motivative exercises introduced and not introduced groups by RCT showing improvement within
muscular force and contracture, lower limb ROM, MMT, Barthel Index, Hasegawa screening test and the
Brunnstrom stage.

63.

Rodriguez et al. (2014). Regional oxygen saturation index (rSO 2) in brachioradialis and deltoid
muscle. Correlation and prognosis in patients with respiratory sepsis

Abstract: Objective: To compare oxygen saturation index (rSO2) obtained simultaneously in two different
brachial muscles. Design: Prospective and observational study. Setting: Intensive care unit. Patients: Critically
ill patients with community-acquired pneumonia. Interventions: Two probes of NIRS device (INVOS 5100) were
simultaneously placed on the brachioradialis (BR) and deltoid (D) muscles. Variables: rSO2 measurements were
recorded at baseline (ICU admission) and at 24 h. Demographic and clinical variables were registered. Pearson's
correlation coefficient was used to assess the association between continuous variables. The consistency of the
correlation was assessed using the intraclass correlation coefficient (ICC) and Bland–Altman plot. The predictive
value of the rSO2 for mortality was calculated by ROC curve. Results: Nineteen patients were included with an
ICU mortality of 21.1%. The rSO2 values at baseline and at 24 h were significantly higher in D than in BR
muscle. Values obtained simultaneously in both limbs showed a strong correlation and adequate consistency: BR
(r = 0.95; p < 0.001; ICC = 0.94; 95% CI: 0.90–0.96; p < 0.001), D (r = 0.88; p = 0.01; ICC = 0.88; 95% CI: 0.80–
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0.90; p > 0.001) but a wide limit of agreement. Non-survivors had rSO2 values significantly lower than survivors
at all times of the study. No patient with rSO2 >60% in BR died, and only 17.6% died with an rSO2 value >60%
in D. Both muscles showed consistent discriminatory power for mortality. Conclusion: Both BR and D muscles
were appropriate for measuring rSO2.

64.

Valencia et al. (2014). Does sevoflurane preserve regional cerebral oxygen saturation measured
by near-infrared spectroscopy better than propofol?

Abstract: Objective: The aim of this study was to compare the effect of sevoflurane and propofol on cerebral
oxygenation, using regional cerebral oxygen saturation (SrO2) measured by near-infrared spectroscopy (NIRS).
Study design: Prospective, randomized, controlled study.
Patients and methods: Fifty-four patients aged between 18 and 65 years who underwent elective minor surgery
(tumorectomy for breast cancer or inguinal hernia repair) were randomly assigned to receive sevoflurane or
propofol anaesthesia. Exclusion criteria included pre-existing cerebrovascular diseases, anaemia, ASA >III, blood
loss ≥200 mL, arterial hypotension, baseline pulse oximetry <97%, sign of sensor low quality of SrO2 or
bispectral index, and patients with a forehead area <6.5 cm. SrO2, bispectral index, haemodynamic data and
anaesthetic doses were recorded during surgery.
Results: A total of 48 patients were included in the final analysis (24 in each group). There were no significant
differences in mean, minimum and maximum SrO2 between sevoflurane and propofol groups. The relative
maximum decrease was higher in propofol anaesthesia than sevoflurane anaesthesia (9.6 ± 10.7 versus 4.2 ±
7.2%; P = 0.048). Cerebral desaturation (20% reduction from SrO2 baseline during 15 seconds) occurred in 4
patients in propofol group exclusively (P = 0.109). SrO2 adjusted for baseline was higher in the sevoflurane
group than in the propofol group (67.3 ± 1.8% versus 64.2 ± 1.7%; P = 0.018). There were no significant
differences in haemodynamic parameters between the two groups.
Conclusions: Cerebral cortical oxygenation measured by NIRS may be better preserved with sevoflurane than
with propofol. These findings suggest that sevoflurane anaesthesia could be a good option in patients with
compromised cerebral oxygenation, given the absence of intracranial hypertension. Further studies with larger
sample sizes are required to support our results.

65.

Ryan et al. (2014). Skeletal muscle oxidative capacity in amyotrophic lateral sclerosis

Abstract: Introduction: Mitochondrial dysfunction in the motor neuron has been suspected in amyotrophic
lateral sclerosis (ALS). If mitochondrial abnormalities are also found in skeletal muscle, assessing skeletal
muscle could be an important biomarker of disease progression. Methods: Using 31P magnetic resonance (31PMRS) and near infrared spectroscopy (NIRS), we compared the absolute values and reproducibility of skeletal
muscle oxidative capacity in people with ALS (n = 6) and healthy adults (young, n = 7 and age-matched, n = 4).
Results: ALS patients had slower time constants for phosphocreatine (PCr) and mVO2 compared with young, but
not age-matched controls. The coefficient of variation (CV) for the time constant was 10% (SD = 2.8%) and 17%
(SD = 6.2%) for PCr and mVO2, respectively. Discussion: People with ALS had, on average, a small but not
statistically significant, impairment in skeletal muscle mitochondrial function measured by both 31P-MRS and
NIRS. Both methods demonstrated good reproducibility.

66.

Fan et al. (2014). Repeated Pre-Syncope from Increased Inspired CO 2 in a Background of Severe
Hypoxia

Abstract: We describe a case of experimentally induced pre-syncope in a healthy young man when exposed to
increased inspired CO2 in a background of hypoxia. Acute severe hypoxia (FIO2=0.10) was tolerated, but adding
CO2 to the inspirate caused pre-syncope symptoms accompanied by hypotension and large reductions in both
mean and diastolic middle cerebral artery velocity, while systolic flow velocity was maintained. The mismatch of
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cerebral perfusion pressure and vascular tone caused unique retrograde cerebral blood flow at the end of systole
and a reduction in cerebral tissue oxygenation. We speculate that this occurrence of pre-syncope was due to
hypoxia-induced inhibition of brain regions responsible for compensatory sympathetic activity to relative
hypercapnia.

67.

Niwayama et al. (2014). Implantable thin NIRS probe design and sensitivity distribution analysis

Abstract: An ultra-thin optical probe based on spatially resolved near infrared spectroscopy (NIRS) is developed
and the measurement sensitivity of cerebral tissue using minimally invasive implantation of the optical probe is
examined. The optical sensor head consists of bare chips of light-emitting diodes and photodiodes, which were
mounted on a polyimide-based flexible substrate. The minimum and maximum thicknesses of the sensor head
were 80 and 300 μm, respectively. The light propagation of the NIRS measurement with implanted optical
sensor was analysed using the Monte Carlo simulation based on transport theory. The optical path lengths for
brain and scalp were 2.3 times and 1/20th, respectively, as compared with generally available NIRS probes,
which were attached on the body surface. The influences of the optical block on measurement sensitivity were
revealed, and the volume of the sensor head was minimised. Findings also show that the sensitivity distribution
is adjustable by changing the medium between sources and detectors.

68.

Steinberg et al. (2014). Robust estimation of cerebral hemodynamics in neonates using
multilayered diffusion model for normal and oblique incidences

Abstract: The diffusion approximation is useful for many optical diagnostics modalities, such as near-infrared
spectroscopy. However, the simple normal incidence, semi-infinite layer model may prove lacking in estimation
of deep-tissue optical properties such as required for monitoring cerebral hemodynamics, especially in neonates.
To answer this need, we present an analytical multilayered, oblique incidence diffusion model. Initially, the
model equations are derived in vector-matrix form to facilitate fast and simple computation. Then, the
spatiotemporal reflectance predicted by the model for a complex neonate head is compared with time-resolved
Monte Carlo (TRMC) simulations under a wide range of physiologically feasible parameters. The high accuracy
of the multilayer model is demonstrated in that the deviation from TRMC simulations is only a few percent even
under the toughest conditions. We then turn to solve the inverse problem and estimate the oxygen saturation of
deep brain tissues based on the temporal and spatial behaviors of the reflectance. Results indicate that temporal
features of the reflectance are more sensitive to deep-layer optical parameters. The accuracy of estimation is
shown to be more accurate and robust than the commonly used single-layer diffusion model. Finally, the
limitations of such approaches are discussed thoroughly.

69.

Li et al. (2014). Noninvasive optical evaluation of low frequency oscillations in prefrontal cortex
hemodynamics during verbal working memory

Abstract: The low frequency oscillation (LFO) around 0.1 Hz has been observed recently in cerebral
hemodynamic signals during rest/sleep, enhanced breathing, and head- up-tilting, showing that cerebral
autoregulation can be accessed by LFOs. However, many brain function researches require direct measurement
of LFOs during specified brain function activities. This pilot study explored using near-infrared
spectroscopy/imaging (NIRS) to noninvasively and simultaneously detect LFOs of prefrontal cerebral
hemodynamics (i.e., oxygenated/deoxygenated/total hemoglobin concentration: △[oxy-Hb]/ △[deoxy-Hb]/ △[totHb]) during N-back visual verbal working memory task. The LFOs were extracted from the measured variables
using power spectral analysis. We found the brain activation sites struck clear LFOs while other sites did not.
The LFO of △[deoxy-Hb] acted as a negative pike and ranged in (0.05, 0.1) Hz, while LFOs of △[oxy-Hb] and
△[tot-Hb] acted as a positive pike and ranged in (0.1, 0.15) Hz. The amplitude difference and frequency lag
between △[deoxy-Hb] and △[oxy-Hb]/ △[tot-Hb] produced a more focused and sensitive activation map compare
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to hemodynamic amplitude-quantified activation maps. This study observed LFOs in brain activities and showed
strong potential of LFOs in accessing brain functions.

70.

Suzuki et al. (2014). Hemodynamic measurements in deep brain tissues of humans by nearinfrared time-resolved spectroscopy

Abstract: Using near-infrared time-resolved spectroscopy (TRS), we measured the human head in
transmittance mode to obtain the optical properties, tissue oxygenation, and hemodynamics of deep brain tissues
in 50 healthy adult volunteers. The right ear canal was irradiated with 3-wavelengths of pulsed light (760, 795,
and 835nm), and the photons passing through the human head were collected at the left ear canal. Optical
signals with sufficient intensity could be obtained from 46 of the 50 volunteers. By analyzing the temporal
profiles based on the photon diffusion theory, we successfully obtained absorption coefficients for each
wavelength. The levels of oxygenated hemoglobin (HbO2), deoxygenated hemoglobin (Hb), total hemoglobin
(tHb), and tissue oxygen saturation (SO2) were then determined by referring to the hemoglobin spectroscopic
data. Compared with the SO2 values for the forehead measurements in reflectance mode, the SO2 values of the
transmittance measurements of the human head were approximately 10% lower, and tHb values of the
transmittance measurements were always lower than those of the forehead reflectance measurements.
Moreover, the level of hemoglobin and the SO2 were strongly correlated between the human head measurements
in transmittance mode and the forehead measurements in the reflectance mode, respectively. These results
demonstrated a potential application of this TRS system in examining deep brain tissues of humans.

71.

Yuan et al. (2014). Combining ICA and Granger causality: a novel tool for investigation of brain
dynamics and brain oscillations using fNIRS measurements

Abstract: Identifying directional influences in neural circuits from functional near infrared spectroscopy
(fNIRS) recordings presents one of the main challenges for understanding brain dynamics. In this study a new
strategy that combines Granger causality mapping (GCM) and independent component analysis (ICA) is
proposed to reveal complex neural network dynamics underlying cognitive processes with fNIRS measurements.
The GCM-ICA algorithm implements the following two procedures: (i) extraction of the region of interests (ROIs)
of cortical activations by ICA, and (ii) estimation of the direct causal influences in local brain networks using
Granger causality among voxels of ROIs. Our results show the use of GCM in conjunction with ICA is able to
effectively capture the brain network dynamics in time-frequency domain with significantly reduced
computational cost. We thus suggest that the GCM-ICA technique is a potentially valuable tool that could be
used for the investigation of directional causality influences of brain network dynamics in biophotonics fields.

72.

Yamada et al. (2014). Precise spatial co-registration in simultaneous fNIRS and fMRI
measurements using markers coaxially fixable to the optodes

Abstract: Similar to blood oxygenation level-dependent (BOLD) functional magnetic resonance imaging (fMRI),
functional nearinfrared spectroscopy (fNIRS) observes regional hemodynamic responses associated with
neuronal activation. However, the conventional criteria for detecting true positive fNIRS and fMRI signals
appear to be based on different understandings of cerebral hemodynamics. Considerable numbers of fNIRS
studies have ascribed the increase in oxygenated hemoglobin to a typical sign of functional activation, whereas
the corresponding BOLD signal in fMRI directly correlates with a decrease in deoxygenated hemoglobin. This
inconsistency requires solution through the simultaneous measurements of fNIRS and fMRI. In practice,
however, there remain several technical problems associated with conducting simultaneous measurements with
high reproducibility. One issue is the precise spatial registration of NIRS optodes in MR images. We prepared
marker containers of an annular shape that can be coaxially fixed to the optode. Liquid paraffin with αtocopheryl acetate, which exhibits a bright contrast in T1-weighted MR images of human heads, was solidified in
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each container by adding higher fatty acid. A subject wearing the marker-fixed optodes at parietal area
participated in preliminary fNIRS and fMRI experiments; the subject was instructed to execute single-sided
hand finger tapping. The positions showed that deoxygenated hemoglobin decreases in fNIRS coincided with the
BOLD-positive region in fMRI. The prepared marker is chemically stable and repetitively usable. We believe
that this simple method contributes precision to the co-registration of fNIRS and fMRI.

73.

Yamada et al. (2014). Development of a fiber-less fNIRS system and its application to haircovered head

Abstract: While most commercially available functional near-infrared spectroscopy (fNIRS) systems employ
optical fibers for both the measurement optode and the transmission cable for optical signals, their material
inflexibility presents some problems in stable optode fixation to the head surface and adequate cable lining to
the main system. In practice, mechanical fluctuations of optical fibers in fNIRS measurement often lead to
motion artifacts in the signals. A few fiberless fNIRS systems are available and equipped with light sources and
detectors that directly adhere to the scalp surface. However, their shapes and detection sensitivities are not
suitable for usage on a hair-covered head. Based on the commercial fiber-less fNIRS system OEG-16
(Spectratech Inc., Japan), we developed a new source-detector unit that was designed with LEDs for enhanced
illumination, avalanche photodiodes instead of photodiodes, and a new holder system. The electrical circuits of
the system were modified after the design. By simultaneous implementation of multidistance fNIRS
measurement and hemodynamic modality separation on conventional fNIRS data at the bilateral parietal area
during single-sided motor tasks, significant functional signals were observed only at the position contralateral to
the side of movement. This is the first report describing a fiber-less fNIRS system that can detect functional
signals on a hair-covered head. We believe this fiber-less system will improve the utility of fNIRS, particularly in
less restraining conditions.

74.

Zhang et al. (2014). A pilot study to compare the cerebral hemodynamics between patients with
obstructive sleep apnea syndrome (OSA) and periodic limb movement syndrome (PLMS)
during nocturnal sleep with near-infrared spectroscopy (NIRS)

Abstract: Obstructive sleep apnea syndrome (OSA) and periodic limb movement in sleep syndrome (PLMS) are
two common sleep disorders. Previous studies showed that OSA and PLMS share common features, such as
increased cardio-vascular risk, both apnea events and limb movements occur periodically, they are usually
associated with cortical arousals, and both of them can induce declines in peripheral oxygen saturation
measured with pulse oximetry. However, the question whether apnea events and limb movements also show
similar characteristics in cerebral hemodynamic and oxygenation has never been addressed. In this pilot study,
we will first time compare the cerebral hemodynamic changes induced by apnea events and limb movements in
patients with OSA (n=4) and PLMS (n=4) with NIRS. In patients with OSA, we found periodic oscillations in
HbO2, HHb, and blood volume induced by apnea/hypopnea events, HbO2 and HHb showed reverse changing
trends. By contrast, the periodic oscillations linked to limb movements were only found in HbO2 and blood
volume in patients with PLMS. These findings of different cerebral hemodynamics patterns between apnea
events and limb movements may indicate different regulations of nervous system between these two sleep
disorders.

75.

Derosiére et al. (2014). Towards a Near Infrared Spectroscopy-Based Estimation of Operator
Attentional State

Abstract: Given the critical risks to public health and safety that can involve lapses in attention (e.g., through
implication in workplace accidents), researchers have sought to develop cognitive-state tracking technologies,
capable of alerting individuals engaged in cognitively demanding tasks of potentially dangerous decrements in
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their levels of attention. The purpose of the present study was to address this issue through an investigation of
the reliability of optical measures of cortical correlates of attention in conjunction with machine learning
techniques to distinguish between states of full attention and states characterized by reduced attention capacity
during a sustained attention task. Seven subjects engaged in a 30 minutes duration sustained attention reaction
time task with near infrared spectroscopy (NIRS) monitoring over the prefrontal and the right parietal areas.
NIRS signals from the first 10 minutes of the task were considered as characterizing the ‘full attention’ class,
while the NIRS signals from the last 10 minutes of the task were considered as characterizing the ‘attention
decrement’ class. A two-class support vector machine algorithm was exploited to distinguish between the two
levels of attention using appropriate NIRS-derived signal features. Attention decrement occurred during the
task as revealed by the significant increase in reaction time in the last 10 compared to the first 10 minutes of the
task (p<.05). The results demonstrate relatively good classification accuracy, ranging from 65 to 90%. The
highest classification accuracy results were obtained when exploiting the oxyhemoglobin signals (i.e., from 77 to
89%, depending on the cortical area considered) rather than the deoxyhemoglobin signals (i.e., from 65 to 66%).
Moreover, the classification accuracy increased to 90% when using signals from the right parietal area rather
than from the prefrontal cortex. The results support the feasibility of developing cognitive tracking technologies
using NIRS and machine learning techniques.

76.

Glassman et al. (2014). Near-Infrared Spectroscopic Assessment of In Vivo Prefrontal Activation
in Public Speaking Anxiety: A Preliminary Study

Abstract: Public-speaking anxiety (PSA) may be associated with changes in functional activation of the right
dorsolateral prefrontal cortex (DLPFC) during public speaking tasks. Research on the neural underpinnings of
this disorder is limited by the physical restrictions imposed by conventional neuroimaging techniques. This
study examined the feasibility of functional near-infrared spectroscopy (fNIRS) to investigate activation of the
DLPFC in vivo while individuals gave a speech. Adults with PSA (n = 19) were assessed using self-rated anxiety
measures during the anticipation and performance of a public speech while DLPFC activation was measured
using fNIRS. Individuals showed bilateral changes in the DLPFC during both anticipation of and actual delivery
of the speech. Only changes in blood volume in the right DLPFC were associated with higher subjective reports
of anxiety during the speaking task. Results add to prior research examining DLPFC activation in generalized
social anxiety disorder, and extend these findings to PSA for the first time. These findings highlight the utility of
fNIRS for measuring cortical activation in vivo during social interactions.

77.

Lin al. (2014). Atlas-guided volumetric diffuse optical tomography enhanced by generalized
linear model analysis to image risk decision-making responses in young adults

Abstract: Diffuse optical tomography (DOT) is a variant of functional near infrared spectroscopy and has the
capability of mapping or reconstructing three dimensional (3D) hemodynamic changes due to brain activity.
Common methods used in DOT image analysis to define brain activation have limitations because the selection
of activation period is relatively subjective. General linear model (GLM)-based analysis can overcome this
limitation. In this study, we combine the atlas-guided 3D DOT image reconstruction with GLM-based analysis
(i.e., voxel-wise GLM analysis) to investigate the brain activity that is associated with risk decision-making
processes. Risk decision-making is an important cognitive process and thus is an essential topic in the field of
neuroscience. The Balloon Analog Risk Task (BART) is a valid experimental model and has been commonly used
to assess human risk-taking actions and tendencies while facing risks. We have used the BART paradigm with a
blocked design to investigate brain activations in the prefrontal and frontal cortical areas during decisionmaking from 37 human participants (22 males and 15 females). Voxel-wise GLM analysis was performed after a
human brain atlas template and a depth compensation algorithm were combined to form atlas-guided DOT
images. In this work, we wish to demonstrate the excellence of using voxel-wise GLM analysis with DOT to
image and study cognitive functions in response to risk decision-making. Results have shown significant
hemodynamic changes in the dorsal lateral prefrontal cortex (DLPFC) during the active-choice mode and a
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different activation pattern between genders; these findings correlate well with published literature in
functional magnetic resonance imaging (fMRI) and fNIRS studies.

78.

Crisia al. (2014). Neural correlates of infant accent discrimination: an fNIRS study

Abstract: The present study investigated the neural correlates of infant discrimination of very similar linguistic
varieties (Quebecois and Parisian French) using functional Near InfraRed Spectroscopy. In line with previous
behavioral and electrophysiological data, there was no evidence that 3-month-olds discriminated the two
regional accents, whereas 5-month-olds did, with the locus of discrimination in left anterior perisylvian regions.
These neuroimaging results suggest that a developing language network relying crucially on left perisylvian
cortices sustains infants’ discrimination of similar linguistic varieties within this early period of infancy.

79.

Adamo al. (2014). SNR measurements of silicon photomultipliers in the continuous wave regime

Abstract: We report on our Signal-to-Noise Ratio (SNR) measurements carried out, in the continuous wave
regime, at different frequencies and at various temperatures, on a novel class of silicon photomultipliers (SiPMs)
fabricated in planar technology on silicon p-type substrate. SNR of SiPMs is given by the ratio of the
photogenerated current, filtered and averaged by a lock-in amplifier, and the Root Mean Square (RMS) deviation
of the same current. In our measurements, we have employed a 10 Hz equivalent noise bandwidth, around the
lock-in amplifier reference frequency. The measured noise takes into account the shot noise, resulting from the
photocurrent and the dark current, while background light is not present in our setup. We have found that the
SNR is independent from frequency in the evaluated range 1 - 100 kHz. Our measurements highlight a quasiflat trend of the SiPM SNR up to an overvoltage of about 5 V (with respect to the breakdown voltage of 28.0 V).
At higher overvoltages (OV), we have observed a SNR decrease, mainly because of the strong increase of the shot
noise. We have also performed a comparison between the SiPM and the PhotoMultiplier Tube (PMT) SNR as a
function of the temperature of the SiPM package and at different bias voltages. Our results show the
outstanding performance of this novel class of SiPMs even without the need of any cooling system. Indeed, their
SNR is only a few dBs below the PMT SNR at room temperature. Furthermore, cooling the SiPM at a package
cell temperature of 3 °C, it reaches the PMT SNR values at room temperature despite the SiPM is biased in the
range 28.7 – 33.5 V, while the PMT has a bias value up to 950 V.

80.

Sanfilippo al. (2014). Design and development of a fNIRS system prototype based on SiPM
detectors

Abstract: Functional Near Infrared Spectroscopy (fNIRS) uses near infrared sources and detectors to measure
changes in absorption due to neurovascular dynamics in response to brain activation. The use of Silicon
Photomultipliers (SiPMs) in a fNIRS system has been estimated potentially able to increase the spatial
resolution. Dedicated SiPM sensors have been designed and fabricated by using an optimized process. Electrical
and optical characterizations are presented. The design and implementation of a portable fNIRS embedded
system, hosting up to 64 IR-LED sources and 128 SiPM sensors, has been carried out. The system has been
based on a scalable architecture whose elementary leaf is a flexible board with 16 SiPMs and 4 couples of LEDs
each operating at two wavelengths. An ARM based microcontroller has been joined with a multiplexing
interface, able to control power supply for the LEDs and collect data from the SiPMs in a time-sharing fashion
and with configurable temporal slots. The system will be validated by using a phantom made by materials of
different scattering and absorption indices layered to mimic a human head. A preliminary characterization of the
optical properties of the single material composing the phantom has been performed using the SiPM in the
diffuse radial reflectance measurement technique. The first obtained results confirm the high sensitivity of such
kind of detector in the detection of weak light signal even at large distance between the light source and the
detector.
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81.

Tarumi al. (2014). Dynamic Cerebral Autoregulation and Tissue Oxygenation in Amnestic Mild
Cognitive Impairment

Abstract: Background: Vascular disease and dysfunction are associated with the higher risk of Alzheimer's
disease hypothetically due to cerebral hypoperfusion. Brain perfusion is protected by cerebral autoregulation,
which, under normal conditions, maintains a constant cerebral blood flow and brain tissue oxygenation.
Objective: To determine whether dynamic regulation of cerebral blood flow and tissue oxygenation is impaired in
patients with amnestic mild cognitive impairment (aMCI). Methods: Twenty-seven patients with aMCI and 15
control subjects with normal cognitive function underwent the measurements of cerebral hemodynamics, brain
MR imaging, and neurocognitive assessment. Dynamic regulation of cerebral blood flow and tissue oxygenation
were assessed by transfer function analysis of changes in mean blood pressure (MBP), normalized cerebral blood
flow velocity (CBFV%), and cerebral tissue oxygenation index (TOI) at baseline and during a sit-stand maneuver.
Results: Patients with aMCI demonstrated lower cognitive performance in memory and executive function,
accompanied by smaller entorhinal cortex volumes. At baseline, cerebral TOI was lower in patients with aMCI
than in control subjects. Lower cerebral TOI was also correlated with lower cognitive performance in memory
and executive function in all subjects. Transfer function gain and phase between MBP and CBFV% and between
CBFV% and cerebral TOI were not different between the groups. Within aMCI patients, greater oscillations of
cerebral TOI and higher transfer function gain between cerebral TOI and CBFV% were associated with the
lower scores on delayed recall. Conclusion: Dynamic regulation of cerebral tissue oxygenation is associated with
neurocognitive dysfunction in aMCI patients.

82.

Li et al. (2014). Wavelet coherence analysis of prefrontal oxygenation signals in elderly subjects
with hypertension

Abstract: This study aims to assess the prefrontal functional connectivity in elderly subjects with hypertension
during the resting state using wavelet coherence analysis of changes in prefrontal tissue oxyhaemoglobin
concentrations (Δ[HbO2]) signals measured by near-infrared spectroscopy (NIRS). Continuous recordings of
NIRS signals were obtained from the left and right prefrontal lobes in 24 elderly subjects with hypertension (age:
70.7 ± 8.4 years) and 26 elderly normotensive subjects (age: 70.6 ± 7.9 years) during the resting state. The
coherence between the left and right prefrontal oscillations in four frequency intervals (I, 0.4 Hz to 2 Hz; II, 0.15
Hz to 0.4 Hz; III, 0.05 Hz to 0.15 Hz; and IV, 0.02 Hz to 0.05 Hz) was analyzed using wavelet coherence method.
The Δ[HbO2] oscillations showed significant wavelet coherence (WCO) in intervals I and III, and significant
wavelet phase coherence (WPCO) in intervals from I to IV. Remarkably, in elderly subjects with hypertension,
the WCO and WPCO in interval III were significantly lower in the left and right prefrontal regions than in
healthy elderly subjects (p = 0.014 for WCO, p = 0.007 for WPCO). The lower coherence in interval III indicates a
decreased synchronization of neural control in the left and right prefrontal regions in elderly subjects with
hypertension. This might suggest a weakened brain functional connectivity in the elderly subjects with
hypertension.

83.

Pouliot et al. (2014). Hemodynamic changes during posterior epilepsies: an EEG-fNIRS study

Abstract: Posterior epilepsies are mainly characterized clinically by visual symptoms. Functional near-infrared
spectroscopy (fNIRS) is an emerging non-invasive imaging technique that has the potential to monitor
hemodynamic changes during epileptic activity. Combined with electroencephalography (EEG), 9 patients with
posterior epilepsies were recorded using EEG-fNIRS with large sampling (19 EEG electrodes and over 100 fNIRS
channels). Spikes and seizures were carefully marked on EEG traces, and convolved with a standard
hemodynamic response function for general linear model (GLM) analysis. GLM results for seizures (in 3
patients) and spikes (7 patients) were broadly sensitive to the epileptic focus in 7/9 patients, and specific in 5/9
patients with fNIRS deoxyhemoglobin responses lateralized to the correct lobe, and to plausible locations within
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the occipital or parietal lobes. This work provides evidence that EEG-fNIRS is a sensitive technique for
monitoring posterior epileptic activity.

84.

Beurskens et al. (2014). Age-related changes in prefrontal activity during walking in dual-task
situations: A fNIRS study

Abstract: Background: Previous studies suggest that the human gait is under control of higher-order cognitive
processes, located in the frontal lobes, such that an age-related degradation of cognitive capabilities has a
negative impact on gait.
Methods: Using functional Near-Infrared-Spectroscopy (fNIRS) we investigate the frontocortical hemodynamic
correlates of dual-task walking in two conditions. 15 young and 10 older individuals walked on a treadmill while
completing concurrent tasks that had either visual (checking) or verbal-memory (alphabet recall) demands. We
compared subjects' motor performance, as well as their prefrontal activity in single- and dual-task walking.
Results: Our behavioral data partly confirm previous accounts on higher dual-task costs in stepping parameters
(i.e., decreased step duration) in old age, particularly with a visual task and negative dual-task cost (i.e.,
improved performance) during the verbal task in young adults. Functional imaging data revealed little change of
prefrontal oxygenation activation from single- to dual-task walking in young individuals. In the elderly, however,
prefrontal activation substantially decreased during dual-task walking with a visual task.
Conclusion: We interpret these findings as evidence for a shift of processing resources from the prefrontal cortex
to other brain regions when seniors face the challenge of walking and concurrently executing a visually
demanding task.

85.

Hori et al. (2014). Regulation of cerebral blood flow during stimulus-induced brain activation:
Instructions for the correct interpretation of fNIRS signals

Abstract: This review summarizes the regulation of cerebral blood flow (CBF) during stimulus-induced brain
activation, mainly in functional near infrared spectroscopy (fNIRS) studies. fNIRS is less restrictive than other
techniques for measuring brain activation, as it requires only a light burden to participants during
measurements. Hence, fNIRS is used in multiple fields. On the other hand, fNIRS results are questionable due
to the influence of various artifacts. Thus, we report the influence and countermeasures for important artifacts.
Furthermore, we discuss about CBF regulation based on mechanisms at the cellular level, hemodynamic models
suggested by functional magnetic resonance imaging (fMRI), and previous studies using simultaneous
measurement with fNIRS and fMRI.

86.

Haeussinger et al. (2014). Reconstructing functional near-infrared spectroscopy (fNIRS) signals
impaired by extra-cranial confounds: An easy-to-use filter method

Abstract: Functional near-infrared spectroscopy (fNIRS) is an optical neuroimaging method that detects
temporal concentration changes of oxygenated and deoxygenated hemoglobin within the cortex, so that neural
activation can be inferred. However, even though fNIRS is a very practical and well-tolerated method with
several advantages particularly in methodically challenging measurement situations (e.g., during tasks
involving movement or open speech), it has been shown to be confounded by systemic compounds of non-cerebral,
extra-cranial origin (e.g. changes in blood pressure, heart rate). Especially event-related signal patterns induced
by dilation or constriction of superficial forehead and temple veins impair the detection of frontal brain
activation elicited by cognitive tasks. To further investigate this phenomenon, we conducted a simultaneous
fNIRS–fMRI study applying a working memory paradigm (n-back). Extra-cranial signals were obtained by
extracting the BOLD signal from fMRI voxels within the skin. To develop a filter method that corrects for extracranial skin blood flow, particularly intended for fNIRS data sets recorded by widely used continuous wave
systems with fixed optode distances, we identified channels over the forehead with probable major extra-cranial
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signal contributions. The averaged signal from these channels was then subtracted from all fNIRS channels of
the probe set. Additionally, the data was corrected for motion and non-evoked systemic artifacts. Applying these
filters, we can show that measuring brain activation in frontal brain areas with fNIRS was substantially
improved. The resulting signal resembled the fMRI parameters more closely than before the correction. Future
fNIRS studies measuring functional brain activation in the forehead region need to consider the use of different
filter options to correct for interfering extra-cranial signals.

87.

Zhu et al. (2014). Reduced interhemispheric functional connectivity of children with autism
spectrum disorder: evidence from functional near infrared spectroscopy studies

Abstract: Autism spectrum disorder (ASD) is a neuro-developmental disorder, which has been associated with
atypical neural synchronization. In this study, functional near infrared spectroscopy (fNIRS) was used to study
the differences in functional connectivity in bilateral inferior frontal cortices (IFC) and bilateral temporal
cortices (TC) between ASD and typically developing (TD) children between 8 and 11 years of age. As the first
report of fNIRS study on the resting state functional connectivity (RSFC) in children with ASD, ten children
with ASD and ten TD children were recruited in this study for 8 minute resting state measurement. Compared
to TD children, children with ASD showed reduced interhemispheric connectivity in TC. Children with ASD also
showed significantly lower local connectivity in bilateral temporal cortices. In contrast to TD children, children
with ASD did not show typical patterns of symmetry in functional connectivity in temporal cortex. These results
support the feasibility of using the fNIRS method to assess atypical functional connectivity of cortical responses
of ASD and its potential application in diagnosis.

88.

Vaskó et al. (2014). Assessment of cerebral tissue oxygen saturation in septic patients during
acetazolamide provocation — A near infrared spectroscopy study

Abstract: Sepsis-associated encephalopathy is a multifactorially determined process of the brain parenchyma.
Among other factors, vasogenic causes have been shown to play a role in its development. The aim of the present
work was to assess whether cerebral tissue oxygen saturation is influenced by administration of acetazolamide
in septic patients compared to controls.

89.

Hofmann et al. (2014). Occipital and orbitofrontal hemodynamics during naturally paced
reading: An fNIRS study

Abstract: Humans typically read at incredibly fast rates, because they predict likely occurring words from a
given context. Here, we used functional near-infrared spectroscopy (fNIRS) to track the ultra-rapid
hemodynamic responses of words presented every 280 ms in a naturally paced sentence context. We found a
lower deoxygenation to unpredictable than to predictable words. The greater hemodynamic responses to
unexpected words suggest that the visual features of expected words have been pre-activated previous to
stimulus presentation. Second, we tested opposing theoretical proposals about the role of the medial
orbitofrontal cortex (OFC): Either OFC may respond to the breach of expectation; or OFC is activated when the
present stimulus matches the prediction. A significant interaction between word frequency and predictability
indicated OFC responses to breaches of expectation for low- but not for high-frequency words: OFC is sensitive to
both, bottom-up processing as mediated by word frequency, as well as top-down predictions. Particularly, when a
rare word is unpredictable, OFC becomes active. Finally, we discuss how a high temporal resolution can help
future studies to disentangle the hemodynamic responses of single trials in such an ultra-rapid event succession
as naturally paced reading.
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90.

Tanaka et al. (2014). Task-related oxygenation and cerebral blood volume changes estimated
from NIRS signals in motor and cognitive tasks

Abstract: Although functional near-infrared spectroscopy (fNIRS) has an advantage of simultaneously
measuring changes in oxy- and deoxy-hemoglobin concentrations (Δ[HbO] and Δ[HbR]), only few analysis
approaches exploit this advantage. As an extension of our recently proposed method (task-related component
analysis, TRCA), this study proposes a new analysis method that extracts task-related oxygenation and cerebral
blood volume (CBV) changes. In the original formulation of TRCA, task-relatedness of a signal is defined as
consistent appearance of a same waveform in every task block, thereby constructing task-related components by
maximizing inter-block covariance. The new method proposes that, in addition to maximizing inter-block
covariance, the covariance between task-related Δ[HbO] and Δ[HbR] is maximized (TRCA+) or minimized
(TRCA−) so that oxygenation and CBV changes are maximally contrasted. The proposed method (collectively
called TRCA±) was formulated as a matrix eigenvalue problem, which can be solved efficiently with standard
numerical methods, and was tested with a synthetic data generated by a balloon model, successfully recovering
oxygenation and CBV components. fNIRS data from sensorimotor areas in a finger-tapping task and from
prefrontal lobe in a working-memory (WM) task were then analyzed. For both tasks, the time courses and the
spatial maps for oxygenation and CBV changes were found to differ consistently, providing certain constraints in
the parameters of balloon models. In summary, TRCA can estimate task-related oxygenation and CBV changes
simultaneously, thereby extending the applicability of fNIRS.

91.

Chuang et al. (2014). 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
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.

92.

Ersen et al. (2014). Temperature elevation profile inside the rat brain induced by a laser beam

Abstract: The thermal effect may be a desired outcome or a concerning side effect in laser–tissue interactions.
Research in this area is particularly motivated by recent advances in laser applications in diagnosis and
treatment of neurological disorders. Temperature as a side effect also limits the maximum power of optical
transfer and harvesting of energy in implantable neural prostheses. The main objective was to investigate the
thermal effect of a near-infrared laser beam directly aimed at the brain cortex. A small, custom-made thermal
probe was inserted into the rat brain to make direct measurements of temperature elevations induced by a freeair circular laser beam. The time dependence and the spatial distribution of the temperature increases were
studied and the maximum allowable optical power was determined to be 2.27 W/cm2 for a corresponding
temperature increase of 0.5°C near the cortical surface. The results can be extrapolated for other temperature
elevations, where the margin to reach potentially damaging temperatures is more relaxed, by taking advantage
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of linearity. It is concluded that the thermal effect depends on several factors such as the thermal properties of
the neural tissue and of its surrounding structures, the optical properties of the particular neural tissue, and the
laser beam size and shape. Because so many parameters play a role, the thermal effect should be investigated for
each specific application separately using realistic in vivo models.

93.

Selb et al. (2014). Comparison of a layered slab and an atlas head model for Monte Carlo fitting
of time-domain near-infrared spectroscopy data of the adult head

Abstract: Near-infrared spectroscopy (NIRS) estimations of the adult brain baseline optical properties based on
a homogeneous model of the head are known to introduce significant contamination from extracerebral layers.
More complex models have been proposed and occasionally applied to in vivo data, but their performances have
never been characterized on realistic head structures. Here we implement a flexible fitting routine of timedomain NIRS data using graphics processing unit based Monte Carlo simulations. We compare the results for
two different geometries: a two-layer slab with variable thickness of the first layer and a template atlas head
registered to the subject’s head surface. We characterize the performance of the Monte Carlo approaches for
fitting the optical properties from simulated time-resolved data of the adult head. We show that both geometries
provide better results than the commonly used homogeneous model, and we quantify the improvement in terms
of accuracy, linearity, and cross-talk from extracerebral layers.

94.

Cheng et al. (2014). Near-infrared diffuse optical monitoring of cerebral blood flow and
oxygenation for the prediction of vasovagal syncope

Abstract: Significant drops in arterial blood pressure and cerebral hemodynamics have been previously
observed during vasovagal syncope (VVS). Continuous and simultaneous monitoring of these physiological
variables during VVS is rare, but critical for determining which variable is the most sensitive parameter to
predict VVS. The present study used a novel custom-designed diffuse correlation spectroscopy flow-oximeter and
a finger plethysmograph to simultaneously monitor relative changes of cerebral blood flow (rCBF), cerebral
oxygenation (i.e., oxygenated/deoxygenated/total hemoglobin concentration: r[HbO2]/r[Hb]/rTHC), and mean
arterial pressure (rMAP) during 70 deg head-up tilt (HUT) in 14 healthy adults. Six subjects developed
presyncope during HUT. Two-stage physiological responses during HUT were observed in the presyncopal group:
slow and small changes in measured variables (i.e., Stage I), followed by rapid and dramatic decreases in rMAP,
rCBF, r[HbO2], and rTHC (i.e., Stage II). Compared to other physiological variables, rCBF reached its
breakpoint between the two stages earliest and had the largest decrease (76±8%) during presyncope. Our results
suggest that rCBF has the best sensitivity for the assessment of VVS. Most importantly, a threshold of ∼50%
rCBF decline completely separated the subjects from those without presyncope, suggesting its potential for
predicting VVS.

95.

Zirak et al. (2014). Transcranial diffuse optical monitoring of microvascular cerebral
hemodynamics after thrombolysis in ischemic stroke

Abstract: The ultimate goal of therapeutic strategies for ischemic stroke is to reestablish the blood flow to the
ischemic region of the brain. However, currently, the local cerebral hemodynamics (microvascular) is almost
entirely inaccessible for stroke clinicians at the patient bed-side, and the recanalization of the major cerebral
arteries (macrovascular) is the only available measure to evaluate the therapy, which does not always reflect the
local conditions. Here we report the case of an ischemic stroke patient whose microvascular cerebral blood flow
and oxygenation were monitored by a compact hybrid diffuse optical monitor during thrombolytic therapy. This
monitor combined diffuse correlation spectroscopy and near-infrared spectroscopy. The reperfusion assessed by
hybrid diffuse optics temporally correlated with the recanalization of the middle cerebral artery (assessed by
transcranial-Doppler) and was in agreement with the patient outcome. This study suggests that upon further
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investigation, diffuse optics might have a potential for bed-side acute stroke monitoring and therapy guidance by
providing hemodynamics information at the microvascular level.

96.

Pera et al. (2014). On the use of the Cramér–Rao lower bound for diffuse optical imaging system
design

Abstract: We evaluated the potential of the Cramér–Rao lower bound (CRLB) to serve as a design metric for
diffuse optical imaging systems. The CRLB defines the best achievable precision of any estimator for a given
data model; it is often used in the statistical signal processing community for feasibility studies and system
design. Computing the CRLB requires inverting the Fisher information matrix (FIM), however, which is usually
ill-conditioned (and often underdetermined) in the case of diffuse optical tomography (DOT). We regularized the
FIM by assuming that the inhomogeneity to be imaged was a point target and assessed the ability of point-target
CRLBs to predict system performance in a typical DOT setting in silico. Our reconstructions, obtained with a
common iterative algebraic technique, revealed that these bounds are not good predictors of imaging
performance across different system configurations, even in a relative sense. This study demonstrates that
agreement between the trends predicted by the CRLBs and imaging performance obtained with reconstruction
algorithms that rely on a different regularization approach cannot be assumed a priori. Moreover, it underscores
the importance of taking into account the intended regularization method when attempting to optimize source–
detector configurations.

97.

Doronin et al. (2014). Propagation of coherent polarized light in turbid highly scattering medium

Abstract: Within the framework of further development of unified Monte Carlo code for the needs of biomedical
optics and biophotonics, we present an approach for modeling of coherent polarized light propagation in highly
scattering turbid media, such as biological tissues. The temporal coherence of light, linear and circular
polarization, interference, and the helicity flip of circularly polarized light due to reflection at the medium
boundary and/or backscattering events are taken into account. To achieve higher accuracy in the results and to
speed up the modeling, the implementation of the code utilizes parallel computing on NVIDIA graphics
processing units using Compute Unified Device Architecture. The results of the simulation of coherent linearly
and circularly polarized light are presented in comparison with the results of known theoretical studies and the
results of alternative modelings.

98.

Vidal-Rosas et al. (2014). Reduced-order modeling of light transport in tissue for real-time
monitoring of brain hemodynamics using diffuse optical tomography

Abstract: This paper proposes a new reconstruction method for diffuse optical tomography using reduced-order
models of light transport in tissue. The models, which directly map optical tissue parameters to optical flux
measurements at the detector locations, are derived based on data generated by numerical simulation of a
reference model. The reconstruction algorithm based on the reduced-order models is a few orders of magnitude
faster than the one based on a finite element approximation on a fine mesh incorporating a priori anatomical
information acquired by magnetic resonance imaging. We demonstrate the accuracy and speed of the approach
using a phantom experiment and through numerical simulation of brain activation in a rat’s head. The
applicability of the approach for real-time monitoring of brain hemodynamics is demonstrated through a
hypercapnic experiment. We show that our results agree with the expected physiological changes and with
results of a similar experimental study. However, by using our approach, a three-dimensional tomographic
reconstruction can be performed in ∼3 s per time point instead of the 1 to 2 h it takes when using the
conventional finite element modeling approach.
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99.

Torricelli et al. (2014). Time domain functional NIRS imaging for human brain mapping

Abstract: This review is aimed at presenting the state-of-the-art of time domain (TD) functional near-infrared
spectroscopy (fNIRS). We first introduce the physical principles, the basics of modeling and data analysis. Basic
instrumentation components (light sources, detection techniques, and delivery and collection systems) of a TD
fNIRS system are described. A survey of past, existing and next generation TD fNIRS systems used for research
and clinical studies is presented. Performance assessment of TD fNIRS systems and standardization issues are
also discussed. Main strengths and weakness of TD fNIRS are highlighted, also in comparison with continuous
wave (CW) fNIRS. Issues like quantification of the hemodynamic response, penetration depth, depth selectivity,
spatial resolution and contrast-to-noise ratio are critically examined, with the help of experimental results
performed on phantoms or in vivo. Finally we give an account on the technological developments that would pave
the way for a broader use of TD fNIRS in the neuroimaging community.

100. Durduran et al. (2014). Diffuse correlation spectroscopy for non-invasive, micro-vascular
cerebral blood flow measurement
Abstract: Diffuse correlation spectroscopy (DCS) uses the temporal fluctuations of near-infrared (NIR) light to
measure cerebral blood flow (CBF) non-invasively. Here, we provide a brief history of DCS applications in the
brain with an emphasis on the underlying physical ideas, common instrumentation and validation. Then we
describe recent clinical research that employs DCS-measured CBF as a biomarker of patient well-being, and as
an indicator of hemodynamic and metabolic responses to functional stimuli.

101. Piper et al. (2014). A wearable multi-channel fNIRS system for brain imaging in freely moving
subjects
Abstract: Functional near infrared spectroscopy (fNIRS) is a versatile neuroimaging tool with an increasing
acceptance in the neuroimaging community. While often lauded for its portability, most of the fNIRS setups
employed in neuroscientific research still impose usage in a laboratory environment. We present a wearable,
multi-channel fNIRS imaging system for functional brain imaging in unrestrained settings. The system operates
without optical fiber bundles, using eight dual wavelength light emitting diodes and eight electro-optical sensors,
which can be placed freely on the subject's head for direct illumination and detection. Its performance is tested
on N = 8 subjects in a motor execution paradigm performed under three different exercising conditions: (i) during
outdoor bicycle riding, (ii) while pedaling on a stationary training bicycle, and (iii) sitting still on the training
bicycle. Following left hand gripping, we observe a significant decrease in the deoxyhemoglobin concentration
over the contralateral motor cortex in all three conditions. A significant task-related ΔHbO2 increase was seen
for the non-pedaling condition. Although the gross movements involved in pedaling and steering a bike induced
more motion artifacts than carrying out the same task while sitting still, we found no significant differences in
the shape or amplitude of the HbR time courses for outdoor or indoor cycling and sitting still. We demonstrate
the general feasibility of using wearable multi-channel NIRS during strenuous exercise in natural, unrestrained
settings and discuss the origins and effects of data artifacts. We provide quantitative guidelines for taking
condition-dependent signal quality into account to allow the comparison of data across various levels of physical
exercise. To the best of our knowledge, this is the first demonstration of functional NIRS brain imaging during
an outdoor activity in a real life situation in humans.

102. Tsuzuki et al. (2014). Spatial registration for functional near-infrared spectroscopy: From
channel position on the scalp to cortical location in individual and group analyses
Abstract: Functional near-infrared spectroscopy (fNIRS) has now become widely accepted as a common
functional imaging modality. In order for fNIRS to achieve genuine neuroimaging citizenship, it would ideally be
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equipped with functional and structural image analyses. However, fNIRS measures cortical activities from the
head surface without anatomical information of the object being measured. In this review article, we will present
a methodological overview of spatial registration of fNIRS data to overcome this technical drawback of fNIRS.
We first introduce and explore the use of standard stereotaxic space and anatomical labeling. Second, we explain
different ways of describing scalp landmarks using 10–20 based systems. Third, we describe the simplest case of
fNIRS data co-registration to a subject's own MRI. Fourth, we extend the concept to fNIRS data registration of
group data. Fifth, we describe probabilistic registration methods, which use a reference-MRI database instead of
a subject's own MRIs, and thus enable MRI-free registration for standalone fNIRS data. Sixth, we further extend
the concept of probabilistic registration to three-dimensional image reconstruction in diffuse optical tomography.
Seventh, we describe a 3D-digitizer-free method for the virtual registration of fNIRS data. Eighth, we provide
practical guidance on how these techniques are implemented in software. Finally, we provide information on
current resources and limitations for spatial registration of child and infant data. Through these technical
descriptions, we stress the importance of presenting fNIRS data on a common platform to facilitate both intraand inter-modal data sharing among the neuroimaging community.

103. Tak et al. (2014). Statistical analysis of fNIRS data: A comprehensive review
Abstract: Functional near-infrared spectroscopy (fNIRS) is a non-invasive method to measure brain activities
using the changes of optical absorption in the brain through the intact skull. fNIRS has many advantages over
other neuroimaging modalities such as positron emission tomography (PET), functional magnetic resonance
imaging (fMRI), or magnetoencephalography (MEG), since it can directly measure blood oxygenation level
changes related to neural activation with high temporal resolution. However, fNIRS signals are highly corrupted
by measurement noises and physiology-based systemic interference. Careful statistical analyses are therefore
required to extract neuronal activity-related signals from fNIRS data. In this paper, we provide an extensive
review of historical developments of statistical analyses of fNIRS signal, which include motion artifact
correction, short source-detector separation correction, principal component analysis (PCA)/independent
component analysis (ICA), false discovery rate (FDR), serially-correlated errors, as well as inference techniques
such as the standard t-test, F-test, analysis of variance (ANOVA), and statistical parameter mapping (SPM)
framework. In addition, to provide a unified view of various existing inference techniques, we explain a linear
mixed effect model with restricted maximum likelihood (ReML) variance estimation, and show that most of the
existing inference methods for fNIRS analysis can be derived as special cases. Some of the open issues in
statistical analysis are also described.

104. Hassanpour et al. (2014). 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.
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105. Farradal et al. (2014). 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
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.

106. Gagnon et al. (2014). Further improvement in reducing superficial contamination in NIRS using
double short separation measurements
Abstract: Near-Infrared Spectroscopy (NIRS) allows the recovery of the evoked hemodynamic response to brain
activation. In adult human populations, the NIRS signal is strongly contaminated by systemic interference
occurring in the superficial layers of the head. An approach to overcome this difficulty is to use additional NIRS
measurements with short optode separations to measure the systemic hemodynamic fluctuations occurring in
the superficial layers. These measurements can then be used as regressors in the post-experiment analysis to
remove the systemic contamination and isolate the brain signal. In our previous work, we showed that the
systemic interference measured in NIRS is heterogeneous across the surface of the scalp. As a consequence, the
short separation measurement used in the regression procedure must be located close to the standard NIRS
channel from which the evoked hemodynamic response of the brain is to be recovered. Here, we demonstrate
that using two short separation measurements, one at the source optode and one at the detector optode, further
increases the performance of the short separation regression method compared to using a single short separation
measurement. While a single short separation channel produces an average reduction in noise of 33% for HbO,
using a short separation channel at both source and detector reduces noise by 59% compared to the standard
method using a general linear model (GLM) without short separation. For HbR, noise reduction of 3% is achieved
using a single short separation and this number goes to 47% when two short separations are used. Our work
emphasizes the importance of integrating short separation measurements both at the source and at the detector
optode of the standard channels from which the hemodynamic response is to be recovered. While the
implementation of short separation sources presents some difficulties experimentally, the improvement in noise
reduction is significant enough to justify the practical challenges.
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107. Strangman et al. (2014). Scalp and skull influence on near infrared photon propagation in the
Colin27 brain template
Abstract: Near-infrared neuromonitoring (NIN) is based on near-infrared spectroscopy (NIRS) measurements
performed through the intact scalp and skull. Despite the important effects of overlying tissue layers on the
measurement of brain hemodynamics, the influence of scalp and skull on NIN sensitivity are not well
characterized. Using 3555 Monte Carlo simulations, we estimated the sensitivity of individual continuous-wave
NIRS measurements to brain activity over the entire adult human head by introducing a small absorption
perturbation to brain gray matter and quantifying the influence of scalp and skull thickness on this sensitivity.
After segmenting the Colin27 template into five tissue types (scalp, skull, cerebrospinal fluid, gray matter and
white matter), the average scalp thickness was 6.9 ± 3.6 mm (range: 3.6–11.2 mm), while the average skull
thickness was 6.0 ± 1.9 mm (range: 2.5–10.5 mm). Mean NIN sensitivity – defined as the partial path length
through gray matter divided by the total photon path length – ranged from 0.06 (i.e., 6% of total path length) at
a 20 mm source–detector separation, to over 0.19 at 50 mm separations. NIN sensitivity varied substantially
around the head, with occipital pole exhibiting the highest NIRS sensitivity to gray matter, whereas inferior
frontal regions had the lowest sensitivity. Increased scalp and skull thickness were strongly associated with
decreased sensitivity to brain tissue. Scalp thickness always exhibited a slightly larger effect on sensitivity than
skull thickness, but the effect of both varied with SD separation. We quantitatively characterize sensitivity
around the head as well as the effects of scalp and skull, which can be used to interpret NIN brain activation
studies as well as guide the design, development and optimization of NIRS devices and sensors.

108. Funane et al. (2014). Quantitative evaluation of deep and shallow tissue layers' contribution to
fNIRS signal using multi-distance optodes and independent component analysis
Abstract: To quantify the effect of absorption changes in the deep tissue (cerebral) and shallow tissue (scalp,
skin) layers on functional near-infrared spectroscopy (fNIRS) signals, a method using multi-distance (MD)
optodes and independent component analysis (ICA), referred to as the MD-ICA method, is proposed. In previous
studies, when the signal from the shallow tissue layer (shallow signal) needs to be eliminated, it was often
assumed that the shallow signal had no correlation with the signal from the deep tissue layer (deep signal). In
this study, no relationship between the waveforms of deep and shallow signals is assumed, and instead, it is
assumed that both signals are linear combinations of multiple signal sources, which allows the inclusion of a
“shared component” (such as systemic signals) that is contained in both layers. The method also assumes that
the partial optical path length of the shallow layer does not change, whereas that of the deep layer linearly
increases along with the increase of the source–detector (S–D) distance. Deep- and shallow-layer contribution
ratios of each independent component (IC) are calculated using the dependence of the weight of each IC on the
S–D distance. Reconstruction of deep- and shallow-layer signals are performed by the sum of ICs weighted by
the deep and shallow contribution ratio. Experimental validation of the principle of this technique was conducted
using a dynamic phantom with two absorbing layers. Results showed that our method is effective for evaluating
deep-layer contributions even if there are high correlations between deep and shallow signals. Next, we applied
the method to fNIRS signals obtained on a human head with 5-, 15-, and 30-mm S–D distances during a verbal
fluency task, a verbal working memory task (prefrontal area), a finger tapping task (motor area), and a
tetrametric visual checker-board task (occipital area) and then estimated the deep-layer contribution ratio. To
evaluate the signal separation performance of our method, we used the correlation coefficients of a laser-Doppler
flowmetry (LDF) signal and a nearest 5-mm S–D distance channel signal with the shallow signal. We
demonstrated that the shallow signals have a higher temporal correlation with the LDF signals and with the 5mm S–D distance channel than the deep signals. These results show the MD-ICA method can discriminate
between deep and shallow signals.
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109. Tian et al. (2014). Depth-compensated diffuse optical tomography enhanced by general linear
model analysis and an anatomical atlas of human head
Abstract: One of the main challenges in functional diffuse optical tomography (DOT) is to accurately recover the
depth of brain activation, which is even more essential when differentiating true brain signals from task-evoked
artifacts in the scalp. Recently, we developed a depth-compensated algorithm (DCA) to minimize the depth
localization error in DOT. However, the semi-infinite model that was used in DCA deviated significantly from
the realistic human head anatomy. In the present work, we incorporated depth-compensated DOT (DC-DOT)
with a standard anatomical atlas of human head. Computer simulations and human measurements of
sensorimotor activation were conducted to examine and prove the depth specificity and quantification accuracy
of brain atlas-based DC-DOT. In addition, node-wise statistical analysis based on the general linear model
(GLM) was also implemented and performed in this study, showing the robustness of DC-DOT that can
accurately identify brain activation at the correct depth for functional brain imaging, even when co-existing with
superficial artifacts.

110. Brigadoi et al. (2014). Motion artifacts in functional near-infrared spectroscopy: A comparison of
motion correction techniques applied to real cognitive data
Abstract: Motion artifacts are a significant source of noise in many functional near-infrared spectroscopy
(fNIRS) experiments. Despite this, there is no well-established method for their removal. Instead, functional
trials of fNIRS data containing a motion artifact are often rejected completely. However, in most experimental
circumstances the number of trials is limited, and multiple motion artifacts are common, particularly in
challenging populations. Many methods have been proposed recently to correct for motion artifacts, including
principle component analysis, spline interpolation, Kalman filtering, wavelet filtering and correlation-based
signal improvement. The performance of different techniques has been often compared in simulations, but only
rarely has it been assessed on real functional data. Here, we compare the performance of these motion correction
techniques on real functional data acquired during a cognitive task, which required the participant to speak
aloud, leading to a low-frequency, low-amplitude motion artifact that is correlated with the hemodynamic
response. To compare the efficacy of these methods, objective metrics related to the physiology of the
hemodynamic response have been derived. Our results show that it is always better to correct for motion
artifacts than reject trials, and that wavelet filtering is the most effective approach to correcting this type of
artifact, reducing the area under the curve where the artifact is present in 93% of the cases. Our results
therefore support previous studies that have shown wavelet filtering to be the most promising and powerful
technique for the correction of motion artifacts in fNIRS data. The analyses performed here can serve as a guide
for others to objectively test the impact of different motion correction algorithms and therefore select the most
appropriate for the analysis of their own fNIRS experiment.

111. Yücel et al. (2014). Reducing motion artifacts for long-term clinical NIRS monitoring using
collodion-fixed prism-based optical fibers
Abstract: As the applications of near-infrared spectroscopy (NIRS) continue to broaden and long-term clinical
monitoring becomes more common, minimizing signal artifacts due to patient movement becomes more pressing.
This is particularly true in applications where clinically and physiologically interesting events are intrinsically
linked to patient movement, as is the case in the study of epileptic seizures. In this study, we apply an approach
common in the application of EEG electrodes to the application of specialized NIRS optical fibers. The method
provides improved optode-scalp coupling through the use of miniaturized optical fiber tips fixed to the scalp
using collodion, a clinical adhesive. We investigate and quantify the performance of this new method in
minimizing motion artifacts in healthy subjects, and apply the technique to allow continuous NIRS monitoring
throughout epileptic seizures in two epileptic in-patients. Using collodion-fixed fibers reduces the percent signal
change of motion artifacts by 90% and increases the SNR by 6 and 3 fold at 690 and 830 nm wavelengths
40

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 2, Issue 1 (January-March 2014)

respectively when compared to a standard Velcro-based array of optical fibers. The SNR has also increased by 2
fold during rest conditions without motion with the new probe design because of better light coupling between
the fiber and scalp. The change in both HbO and HbR during motion artifacts is found to be statistically lower
for the collodion-fixed fiber probe. The collodion-fixed optical fiber approach has also allowed us to obtain good
quality NIRS recording of three epileptic seizures in two patients despite excessive motion in each case.

112. Fantini (2014). Dynamic model for the tissue concentration and oxygen saturation of
hemoglobin in relation to blood volume, flow velocity, and oxygen consumption: Implications
for functional neuroimaging and coherent hemodynamics spectroscopy (CHS)
Abstract: This article presents a dynamic model that quantifies the temporal evolution of the concentration and
oxygen saturation of hemoglobin in tissue, as determined by time-varying hemodynamic and metabolic
parameters: blood volume, flow velocity, and oxygen consumption. This multi-compartment model determines
separate contributions from arterioles, capillaries, and venules that comprise the tissue microvasculature, and
treats them as a complete network, without making assumptions on the details of the architecture and
morphology of the microvascular bed. A key parameter in the model is the effective blood transit time through
the capillaries and its associated probability of oxygen release from hemoglobin to tissue, as described by a rate
constant for oxygen diffusion. The solution of the model in the time domain predicts the signals measured by
hemodynamic-based neuroimaging techniques such as functional near-infrared spectroscopy (fNIRS) and
functional magnetic resonance imaging (fMRI) in response to brain activation. In the frequency domain, the
model yields an analytical solution based on a phasor representation that provides a framework for quantitative
spectroscopy of coherent hemodynamic oscillations. I term this novel technique coherent hemodynamics
spectroscopy (CHS), and this article describes how it can be used for the assessment of cerebral autoregulation
and the study of hemodynamic oscillations resulting from a variety of periodic physiological challenges, brain
activation protocols, or physical maneuvers.

113. Pierro et al. (2014). Validation of a novel hemodynamic model for coherent hemodynamics
spectroscopy (CHS) and functional brain studies with fNIRS and fMRI
Abstract: We report an experimental validation and applications of the new hemodynamic model presented in
the companion article (Fantini, 2014–this issue) both in the frequency domain and in the time domain. In the
frequency domain, we have performed diffuse optical measurements for coherent hemodynamics spectroscopy
(CHS) on the brain and calf muscle of human subjects, showing that the hemodynamic model predictions (both in
terms of spectral shapes and absolute spectral values) are confirmed experimentally. We show how the
quantitative analysis based on the new model allows for autoregulation measurements from brain data, and
provides an analytical description of near-infrared spiroximetry from muscle data. In the time domain, we have
used data from the literature to perform a comparison between brain activation signals measured with
functional near-infrared spectroscopy (fNIRS) or with blood oxygenation level dependent (BOLD) fMRI, and the
corresponding signals predicted by the new model. This comparison shows an excellent agreement between the
model predictions and the reported fNIRS and BOLD fMRI signals. This new hemodynamic model provides a
valuable tool for brain studies with hemodynamic-based techniques.

114. Kolyva et al. (2014). Cytochrome c oxidase response to changes in cerebral oxygen delivery in
the adult brain shows higher brain-specificity than haemoglobin
Abstract: The redox state of cerebral mitochondrial cytochrome c oxidase monitored with near-infrared
spectroscopy (Δ[oxCCO]) is a signal with strong potential as a non-invasive, bedside biomarker of cerebral
metabolic status. We hypothesised that the higher mitochondrial density of brain compared to skin and skull
would lead to evidence of brain-specificity of the Δ[oxCCO] signal when measured with a multi-distance near41

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 2, Issue 1 (January-March 2014)

infrared spectroscopy (NIRS) system. Measurements of Δ[oxCCO] as well as of concentration changes in
oxygenated (Δ[HbO2]) and deoxygenated haemoglobin (Δ[HHb]) were taken at multiple source-detector distances
during systemic hypoxia and hypocapnia (decrease in cerebral oxygen delivery), and hyperoxia and hypercapnia
(increase in cerebral oxygen delivery) from 15 adult healthy volunteers. Increasing source-detector spacing is
associated with increasing light penetration depth and thus higher sensitivity to cerebral changes. An increase
in Δ[oxCCO] was observed during the challenges that increased cerebral oxygen delivery and the opposite was
observed when cerebral oxygen delivery decreased. A consistent pattern of statistically significant increasing
amplitude of the Δ[oxCCO] response with increasing light penetration depth was observed in all four challenges,
a behaviour that was distinctly different from that of the haemoglobin chromophores, which did not show this
statistically significant depth gradient. This depth-dependence of the Δ[oxCCO] signal corroborates the notion of
higher concentrations of CCO being present in cerebral tissue compared to extracranial components and
highlights the value of NIRS-derived Δ[oxCCO] as a brain-specific signal of cerebral metabolism, superior in this
aspect to haemoglobin.

115. Chiarelli et al. (2014). 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
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.

116. Alderliesten et al. (2014). 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).
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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.

117. Vanderwert et al. (2014). The use of near-infrared spectroscopy in the study of typical and
atypical development
Abstract: The use of functional near infrared spectroscopy (fNIRS) has grown exponentially over the past
decade, particularly among investigators interested in early brain development. The use of this neuroimaging
technique has begun to shed light on the development of a variety of sensory, perceptual, linguistic, and socialcognitive functions. Rather than cast a wide net, in this paper we first discuss typical development, focusing on
joint attention, face processing, language, and sensorimotor development. We then turn our attention to infants
and children whose development has been compromised or who are at risk for atypical development. We
conclude our review by critiquing some of the methodological issues that have plagued the extant literature as
well as offer suggestions for future research.

118. Imai et al. (2014). Functional connectivity of the cortex of term and preterm infants and infants
with Down's syndrome
Abstract: Near-infrared spectroscopy (NIRS) imaging studies have revealed the functional development of the
human brain in early infancy. By measuring spontaneous fluctuations in cerebral blood oxygenation with NIRS,
we can examine the developmental status of the functional connectivity of networks in the cortex. However, it
has not been clarified whether premature delivery and/or chromosomal abnormalities affect the development of
the functional connectivity of the cortex. In the current study, we investigated the spontaneous brain activity of
sleeping infants who were admitted to a neonatal intensive care unit at term age. We classified them into the 3
following infant groups: (i) term-or-late-preterm, (ii) early-preterm, and (iii) Down's syndrome (DS). We used
multichannel NIRS to measure the spontaneous changes in oxygenated hemoglobin (oxy-Hb) and deoxygenated
hemoglobin (deoxy-Hb) at 10 measurement channels, which covered the frontal, temporal, and occipital regions.
In order to reveal the functional connectivity of the cortical networks, we calculated the temporal correlations of
the time-course signals among all of the pairs of measurement channels. The functional connectivity was
classified into the 4 following types: (i) short-range, (ii) contralateral-transverse, (iii) ipsilateral-longitudinal, and
(iv) control. In order to examine whether the local properties of hemodynamics reflected any pathological
conditions, we calculated the phase differences between the oxy- and deoxy-Hb time-course signals in the 3
groups. The statistical analyses of the functional connectivity data showed main effects of group and the types of
connectivity. For the group effect, the mean functional connectivity of the infants in the term-or-late-preterm
group did not differ from that in the early-preterm group, and the mean functional connectivity of the infants in
the DS group was lower than that in the other 2 groups. For the effect of types of connectivity, short-range
connectivity was highest compared to any of the other types of connectivity, and the second highest connectivity
was the contralateral-transverse one. The phase differences between the oxy- and deoxy-Hb changes showed that
there were significant differences between the DS group and the other 2 groups. Our findings suggested that the
development of the functional connectivity of cortical networks did not differ between term-or-late-preterm
infants and early-preterm infants around term-equivalent ages, while DS infants had alterations in their
functional connectivity development and local hemodynamics at term age. The highest short-range connectivity
and the second highest contralateral-transverse connectivity suggested that the precursors for the basic cortical
networks of functional connectivity were present at term age.
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119. Roche-Labarbe et al. (2014). Somatosensory evoked changes in cerebral oxygen consumption
measured non-invasively in premature neonates
Abstract: The hemodynamic functional response is used as a reliable marker of neuronal activity in countless
studies of brain function and cognition. In newborns and infants, however, conflicting results have appeared in
the literature concerning the typical response, and there is little information on brain metabolism and functional
activation. Measurement of all hemodynamic components and oxygen metabolism is critical for understanding
neurovascular coupling in the developing brain.
To this end, we combined multiple near infrared spectroscopy techniques to measure oxy- and deoxy-hemoglobin
concentrations, cerebral blood volume (CBV), and relative cerebral blood flow (CBF) in the somatosensory cortex
of 6 preterm neonates during passive tactile stimulation of the hand. By combining these measures we estimated
relative changes in the cerebral metabolic rate of oxygen consumption (rCMRO2).
CBF starts increasing immediately after stimulus onset, and returns to baseline before blood volume. This is
consistent with the model of pre-capillary arteriole active dilation driving the CBF response, with a subsequent
CBV increase influenced by capillaries and veins dilating passively to accommodate the extra blood. rCMRO2
estimated using the steady-state formulation shows a biphasic pattern: an increase immediately after stimulus
onset, followed by a post-stimulus undershoot due to blood flow returning faster to baseline than oxygenation.
However, assuming a longer mean transit time from the arterial to the venous compartment, due to the
immature vascular system of premature infants, reduces the post-stimulus undershoot and increases the
flow/consumption ratio to values closer to adult values reported in the literature.
We are the first to report changes in local rCBF and rCMRO2 during functional activation in preterm infants.
The ability to measure these variables in addition to hemoglobin concentration changes is critical for
understanding neurovascular coupling in the developing brain, and for using this coupling as a reliable
functional imaging marker in neonates.

120. Wintermark et al. (2014). Somatosensory evoked changes in cerebral oxygen consumption
measured non-invasively in premature neonates
Abstract: Background: The measurement of brain perfusion may provide valuable information for assessment
and treatment of newborns with hypoxic–ischemic encephalopathy (HIE). While arterial spin labeled perfusion
(ASL) magnetic resonance imaging (MRI) provides noninvasive and direct measurements of regional cerebral
blood flow (CBF) values, it is logistically challenging to obtain. Near-infrared spectroscopy (NIRS) might be an
alternative, as it permits noninvasive and continuous monitoring of cerebral hemodynamics and oxygenation at
the bedside.
Objective: The purpose of this study is to determine the correlation between measurements of brain perfusion by
NIRS and by MRI in term newborns with HIE treated with hypothermia.
Design/methods: In this prospective cohort study, ASL-MRI and NIRS performed during hypothermia were used
to assess brain perfusion in these newborns. Regional cerebral blood flow (CBF) values, measured from 1–2 MRI
scans for each patient, were compared to mixed venous saturation values (SctO2) recorded by NIRS just before
and after each MRI. Analysis included groupings into moderate versus severe HIE based on their initial
background pattern of amplitude-integrated electroencephalogram.
Results: Twelve concomitant recordings were obtained of seven neonates. Strong correlation was found between
SctO2 and CBF in asphyxiated newborns with severe HIE (r = 0.88; p value = 0.0085). Moreover, newborns with
severe HIE had lower CBF (likely lower oxygen supply) and extracted less oxygen (likely lower oxygen demand
or utilization) when comparing SctO2 and CBF to those with moderate HIE.
Conclusions: NIRS is an effective bedside tool to monitor and understand brain perfusion changes in term
asphyxiated newborns, which in conjunction with precise measurements of CBF obtained by MRI at particular
times, may help tailor neuroprotective strategies in term newborns with HIE.
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121. Southgate et al. (2014). Goal representation in the infant brain
Abstract: It is well established that, from an early age, human infants interpret the movements of others as
actions directed towards goals. However, the cognitive and neural mechanisms which underlie this ability are
hotly debated. The current study was designed to identify brain regions involved in the representation of others'
goals early in development. Studies with adults have demonstrated that the anterior intraparietal sulcus (aIPS)
exhibits repetition suppression for repeated goals and a release from suppression for new goals, implicating this
specific region in goal representation in adults. In the current study, we used a modified paired repetition
suppression design with 9-month-old infants to identify which cortical regions are suppressed when the infant
observes a repeated goal versus a new goal. We find a strikingly similar response pattern and location of activity
as had been reported in adults; the only brain region displaying significant repetition suppression for repeated
goals and a release from suppression for new goals was the left anterior parietal region. Not only does our data
suggest that the left anterior parietal region is specialized for representing the goals of others' actions from early
in life, this demonstration presents an opportunity to use this method and design to elucidate the debate over
the mechanisms and cues which contribute to early action understanding.

122. Wilcox et al. (2014). The effect of color priming on infant brain and behavior
Abstract: Behavioral studies have identified select experiences that can prime infants to attend to color
information as the basis for individuating objects prior to the time they do so spontaneously. For example,
viewing pretest events in which the color of an object predicts the function in which it will engage leads 9-montholds (who typically do not attend to color differences) to demonstrate increased sensitivity to color information in
a subsequent individuation task (Wilcox and Chapa, 2004). In contrast, viewing pretest events in which the color
of an object predicts distinct object motions, but the motions are not functionally relevant, does not produce color
priming. The purpose of the present research was to identify the cortical underpinnings of these behavioral
effects. Infants aged 8 and 9 months viewed function or motion pretest events and then their capacity to
individuate-by-color was assessed in an object individuation task. Behavioral and neuroimaging data were
collected. Two main findings emerged. First, as predicted, the infants who viewed the function but not the
motion pretest events showed prolonged looking to the test event, a behavioral indicator of object individuation.
In addition, they evidenced increased activation in anterior temporal cortex, thought to be a cortical signature of
object individuation. A second and unexpected finding was that viewing either type of pretest events led to
increased activation in the posterior temporal cortex, as compared to infants who did not see pretest events,
revealing that prior exposure to the motion pretest events does influence infants' processing of the test event,
even though it is not evident in the behavioral results. The cognitive processes involved, and the cortical
structures that mediate these processes, are discussed.

123. Buss et al. (2014). Probing the early development of visual working memory capacity with
functional near-infrared spectroscopy
Abstract: Visual working memory (VWM) is a core cognitive system with a highly limited capacity. The present
study is the first to examine VWM capacity limits in early development using functional neuroimaging. We
recorded optical neuroimaging data while 3- and 4-year-olds completed a change detection task where they
detected changes in the shapes of objects after a brief delay. Near-infrared sources and detectors were placed
over the following 10–20 positions: F3 and F5 in left frontal cortex, F4 and F6 in right frontal cortex, P3 and P5
in left parietal cortex, and P4 and P6 in right parietal cortex. The first question was whether we would see
robust task-specific activation of the frontal–parietal network identified in the adult fMRI literature. This was
indeed the case: three left frontal channels and 11 of 12 parietal channels showed a statistically robust difference
between the concentration of oxygenated and deoxygenated hemoglobin following the presentation of the sample
array. Moreover, four channels in the left hemisphere near P3, P5, and F5 showed a robust increase as the
working memory load increased from 1 to 3 items. Notably, the hemodynamic response did not asymptote at 1–2
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items as expected from previous fMRI studies with adults. Finally, 4-year-olds showed a more robust parietal
response relative to 3-year-olds, and an increasing sensitivity to the memory load manipulation. These results
demonstrate that fNIRS is an effective tool to study the neural processes that underlie the early development of
VWM capacity.

124. Perlman et al. (2014). fNIRS evidence of prefrontal regulation of frustration in early childhood
Abstract: The experience of frustration is common in early childhood, yet some children seem to possess a lower
tolerance for frustration than others. Characterizing the biological mechanisms underlying a wide range of
frustration tolerance observed in early childhood may inform maladaptive behavior and psychopathology that is
associated with this construct. The goal of this study was to measure prefrontal correlates of frustration in 3–5year-old children, who are not readily adaptable for typical neuroimaging approaches, using functional near
infrared spectroscopy (fNIRS). fNIRS of frontal regions were measured as frustration was induced in children
through a computer game where a desired and expected prize was “stolen” by an animated dog. A fNIRS general
linear model (GLM) was used to quantify the correlation of brain regions with the task and identify areas that
were statistically different between the winning and frustrating test conditions. A second-level voxel-based
ANOVA analysis was then used to correlate the amplitude of each individual's brain activation with measure of
parent-reported frustration. Experimental results indicated increased activity in the middle prefrontal cortex
during winning of a desired prize, while lateral prefrontal cortex activity increased during frustration. Further,
activity increase in lateral prefrontal cortex during frustration correlated positively with parent-reported
frustration tolerance. These findings point to the role of the lateral prefrontal cortex as a potential region
supporting the regulation of emotion during frustration.

125. Ding et al. (2014). Neural correlates of own- and other-race face recognition in children: A
functional near-infrared spectroscopy study
Abstract: The present study used the functional Near-infrared Spectroscopy (fNIRS) methodology to investigate
the neural correlates of elementary school children's own- and other-race face processing. An old-new paradigm
was used to assess children's recognition ability of own- and other-race faces. FNIRS data revealed that otherrace faces elicited significantly greater [oxy-Hb] changes than own-race faces in the right middle frontal gyrus
and inferior frontal gyrus regions (BA9) and the left cuneus (BA18). With increased age, the [oxy-Hb] activity
differences between own- and other-race faces, or the neural other-race effect (NORE), underwent significant
changes in these two cortical areas: at younger ages, the neural response to the other-race faces was modestly
greater than that to the own-race faces, but with increased age, the neural response to the own-race faces
became increasingly greater than that to the other-race faces. Moreover, these areas had strong regional
functional connectivity with a swath of the cortical regions in terms of the neural other-race effect that also
changed with increased age. We also found significant and positive correlations between the behavioral otherrace effect (reaction time) and the neural other-race effect in the right middle frontal gyrus and inferior frontal
gyrus regions (BA9). These results taken together suggest that children, like adults, devote different amounts of
neural resources to processing own- and other-race faces, but the size and direction of the neural other-race
effect and associated functional regional connectivity change with increased age.

126. Fekete et al. (2014). 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
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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
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.

127. Homae (2014). A brain of two halves: Insights into interhemispheric organization provided by
near-infrared spectroscopy
Abstract: The discovery of functional lateralization and localization of the brain marked the beginning of a new
era in neuroscience. While the past 150 years of research have provided a great deal of knowledge of hemispheric
differences and functional relationships, the precise organization of functional laterality remains a topic of
intense debate. Here I will shed light on the functional organization of the two hemispheres by reviewing some of
the most recent functional near-infrared spectroscopy (NIRS) studies that have reported hemispheric differences
in activation patterns. Most NIRS studies using visual stimuli, which revealed functional differentiation
between the hemispheres, have reported unilateral activation, i.e., significant levels of activation in only one
hemisphere. Auditory stimuli, including speech sounds, elicited bilateral activation, while the limited number of
studies on young infants revealed primarily unilateral activation. The stimulus modality and the age of the
participants therefore determine whether the resulting cortical activation is unilateral or bilateral. By combining
a review of the existing literature with NIRS results regarding homologous connectivity across hemispheres, I
hypothesized that the origin of functional lateralization changes from the independence of each hemispheric
region, to mutual inhibition between homologous regions during development. Future studies applying multimodal measurements along with NIRS and spatiotemporal analyses will further deepen our understanding of
the interhemispheric organization of brain function.

128. Fu et al. (2014). The neural correlates of the face attractiveness aftereffect: A functional nearinfrared spectroscopy (fNIRS) study
Abstract: Extensive behavioral evidence shows that our internal representation of faces, or face prototype, can
be dynamically updated by immediate experience. This is illustrated by the robust attractiveness aftereffect
phenomenon whereby originally unattractive faces become attractive after we are exposed to a set of
unattractive faces. Although behavioral evidence suggests this effect to have a strong neural basis, limited
neuroimaging evidence exists. Here we used functional near-infrared spectroscopy methodology (fNIRS) to
bridge this gap. During the pre-adaptation trials, participants judged the attractiveness of three sets of faces:
normal/undistorted faces, compressed faces (the internal features and distances between them were
compressed), and expanded faces (the internal features and distances between them were stretched). Then,
participants were shown extremely compressed faces for 5 min as adaptation stimuli, after which participants
judged the same three sets of faces in post-adaptation trials. Behaviorally, after the adaptation trials,
participants rated the compressed faces more attractive whereas they judged the other two sets of faces as less
attractive, replicating the robust adaptation effect. fNIRS results showed that short-term exposure to
compressed faces led to significant decreases in neural activity to all face types, but in a more extended network
of cortical regions in the frontal and occipital cortexes for undistorted faces. Taken together, these findings
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suggest that the face attractiveness aftereffect mainly reflects changes in the neural representation of the face
prototype in response to recent exposures to new face exemplars.

129. Tupak et al. (2014). Implicit emotion regulation in the presence of threat: Neural and autonomic
correlates
Abstract: Efficient emotion regulation is essential for social interaction and functioning in human society and
often happens without direct intention and conscious awareness. Cognitive labeling of stimuli based on certain
characteristics has been assumed to represent an effective strategy of implicit emotional regulation whereas
processing based on simple perceptual characteristics (e.g., matching) has not. Evidence exists that the
ventrolateral prefrontal cortex (VLPFC) might be of functional relevance during labeling by down-regulating
limbic activity in the presence of threatening stimuli. However, it remained unclear whether this VLPFC
activation was particularly specific to threat because previous studies focused exclusively on threatening stimuli.
In the current study, 35 healthy participants labeled or matched both threatening and neutral pictures while
undergoing 52-channel functional near-infrared spectroscopy. Results showed increased VLPFC activation
during labeling of threatening but not neutral pictures. No increase in prefrontal activation was detected during
matching. Moreover, skin conductance increased equally for both valence conditions during initial phases of
labeling whereas during matching stronger increases were found for threatening stimuli. Although a general
inverse relationship between VLPFC function and skin conductance was not confirmed, both were negatively
correlated during matching of threatening pictures in subjects with high state anxiety. It was concluded that the
VLPFC plays an essential role during implicit emotion regulation. Further, even simple perceptual processing
seems to engage regulatory top-down activation in anxious individuals.

130. Schneider et al. (2014). 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.
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131. Cutini et al. (2014). 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.

132. Medvedev (2014). Does the resting state connectivity have hemispheric asymmetry? A nearinfrared spectroscopy study
Abstract: Near-infrared spectroscopy (NIRS) is a novel technology for low-cost noninvasive brain imaging
suitable for use in virtually all subject and patient populations. Numerous studies of brain functional
connectivity using fMRI, and recently NIRS, suggest new tools for the assessment of cognitive functions during
task performance and the resting state (RS). We analyzed functional connectivity and its possible hemispheric
asymmetry measuring coherence of optical signals at low frequencies (0.01–0.1 Hz) in the prefrontal cortex in 13
right-handed (RH) and 2 left-handed (LH) healthy subjects at rest (4–8 min) using a continuous-wave NIRS
instrument CW5 (TechEn, Milford, MA). Two optical probes were placed bilaterally over the inferior frontal
gyrus (IFG) and the middle frontal gyrus (MFG) using anatomical landmarks of the 10–20 system. As a result,
28 optical channels (14 for each hemisphere) were recorded for changes in oxygenated (HbO) and de-oxygenated
(HbR) hemoglobin. Global physiological signals (respiratory and cardiac) were removed using Principal and
Independent Component Analyses. Inter-channel coherences for HbO and HbR signals were calculated using
Morlet wavelets along with correlation coefficients. Connectivity matrices showed specific patterns of
connectivity which was higher within each anatomical region (IFG and MFG) and between hemispheres (e.g.,
left IFG < − > right IFG) than between IFG and MFG in the same hemisphere. Laterality indexes were
calculated as t-values for the ‘left > right’ comparisons of intrinsic connectivity within each regional group of
channels in each subject. Regardless of handedness, the group average laterality indexes were negative thus
revealing significantly higher connectivity in the right hemisphere in the majority of RH subjects and in both LH
subjects. The analysis of Granger causality between hemispheres has also shown a greater flow of information
from the right to the left hemisphere which may point to an important role of the right hemisphere in the resting
state. These data encourage further exploration of the NIRS connectivity and its application for the analysis of
hemispheric relationships within the functional architecture of the brain.

133. Jean-Pierre (2014). 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.
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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.

134. Koenraadt et al. (2014). Cortical control of normal gait and precision stepping: An fNIRS study
Abstract: Recently, real time imaging of the cortical control of gait became possible with functional nearinfrared spectroscopy (fNIRS). So far, little is known about the activations of various cortical areas in more
complex forms of gait, such as precision stepping. From previous work on animals and humans one would expect
precision stepping to elicit extra activity in the sensorimotor cortices (S1/M1), supplementary motor area (SMA),
as well as in prefrontal cortices (PFC). In the current study, hemodynamic changes in the PFC, SMA, M1, and S1
were measured with fNIRS. In contrast to previous fNIRS gait studies, the technique was optimized by the use
of reference channels (to correct for superficial hemodynamic interference). Eleven subjects randomly performed
ten trials of treadmill walking at 3 km/h (normal walking) and ten trials of 3 km/h treadmill walking on
predefined spots for the left and right foot presented on the treadmill (precision stepping). The walking trials of
approximately 35 seconds were alternated with rest periods of 25–35 seconds consisting of quiet standing. The
PFC revealed profound activation just prior to the onset of both walking tasks. There was also extra activation of
the PFC during the first half of the task period for precision stepping. The SMA showed mainly increased
activation prior to the start of both tasks. In contrast, the sensorimotor cortex did not show a change in
activation during either task as compared to a condition of standing. The SMA, M1, and S1 revealed no
significant differences between normal walking and precision stepping. It was concluded that fNIRS is suited to
record the planning and initiation of gait. The lack of M1/S1 activation during gait suggests that even in the
current precision stepping task the control of ongoing gait depended mostly on subcortical automatisms, while
motor cortex contributions did not differ between standing and walking.

135. Rodrigo et al. (2014). Differentiating functions of the lateral and medial prefrontal cortex in
motor response inhibition
Abstract: The right inferior frontal gyrus is generally considered a critical region for motor response inhibition.
Recent studies, however, suggest that the role of this cortical area in response inhibition may be overstated and
that the contributions of other aspects of the prefrontal cortex are often overlooked. The current study used
optical imaging to identify regions of the prefrontal cortex beyond the right inferior frontal gyrus which may
serve to support motor response inhibition. Forty-three right-handed healthy adults completed a manual Go/NoGo task while evoked oxygenation of the prefrontal cortex was measured using 16-channel functional nearinfrared spectroscopy. During motor response inhibition, the right inferior frontal gyrus, and to a lesser extent
the homologous contralateral region, showed increased activation relative to a baseline task. Conversely, the
medial prefrontal cortex was significantly deactivated, and the extent of reduced activity in this region was
associated with fewer errors on the response inhibition task. These findings suggest a more substantial role of
the left inferior frontal gyrus in response inhibition and possibly a distinct function of the middle frontal gyrus
subserving error detection on manual motor control tasks.
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136. Kaiser et al. (2014). Cortical effects of user training in a motor imagery based brain–computer
interface measured by fNIRS and EEG
Abstract: The present study aims to gain insights into the effects of training with a motor imagery (MI)-based
brain–computer interface (BCI) on activation patterns of the sensorimotor cortex. We used functional nearinfrared spectroscopy (fNIRS) and electroencephalography (EEG) to investigate long-term training effects across
10 sessions using a 2-class (right hand and feet) MI-based BCI in fifteen subjects. In the course of the training a
significant enhancement of activation pattern emerges, represented by an [oxy-Hb] increase in fNIRS and a
stronger event-related desynchronization in the upper β-frequency band in the EEG. These effects were only
visible in participants with relatively low BCI performance (mean accuracy ≤ 70%). We found that training with
an MI-based BCI affects cortical activation patterns especially in users with low BCI performance.
Our results may serve as a valuable contribution to the field of BCI research and provide information about the
effects that training with an MI-based BCI has on cortical activation patterns. This might be useful for clinical
applications of BCI which aim at promoting and guiding neuroplasticity.

137. Wilson et al. (2014). Functional specialization within the supplementary motor area: A fNIRS
study of bimanual coordination
Abstract: Bimanual movements can be performed by flexing and extending the target effectors (e.g., hand
muscles) in unison, or by flexing units on one side in unison with extension of the same units on the opposite
side. The former movement patterns are generally referred to as in-phase or parallel, whereas the latter patterns
are often termed anti-phase movements. It is well known that anti-phase patterns are unstable and tend to
spontaneously transition to in-phase movements at higher repetition rates, but the mechanisms and brain
regions involved are not fully understood. In the current study, we utilized functional near-infrared spectroscopy
(fNIRS) to evaluate whether anterior/posterior subdivisions of the supplementary motor complex (SMA) have
distinct functional roles in maintaining in-phase and anti-phase movement patterns. Twelve healthy adult
participants completed a bimanual coordination task comprised of anti-phase and in-phase trials as 24-channel
fNIRS data was recorded from dorsal-medial motor areas. We examined the relative concentrations of
oxygenated and deoxygenated hemoglobin in the channels that were located over the anterior SMA (e.g., preSMA) and the SMA proper. Our most interesting results indicated that oxygenated hemoglobin responses were
greater in the anterior SMA during performance of anti-phase compared to in-phase movements. In the SMA
proper, oxygenated hemoglobin responses did not differ between the two movement patterns. These data suggest
that the anterior SMA is critical to programming and maintaining the less stable anti-phase movement patterns,
and support the conceptual framework of an anterior-directed gradient of progressively more complex
functionality in the SMA.

138. Basso Moro et al. (2014). A semi-immersive virtual reality incremental swing balance task
activates prefrontal cortex: A functional near-infrared spectroscopy study
Abstract: Previous functional near-infrared spectroscopy (fNIRS) studies indicated that the prefrontal cortex
(PFC) is involved in the maintenance of the postural balance after external perturbations. So far, no studies have
been conducted to investigate the PFC hemodynamic response to virtual reality (VR) tasks that could be adopted
in the field of functional neurorehabilitation. The aim of this fNIRS study was to assess PFC oxygenation
response during an incremental and a control swing balance task (ISBT and CSBT, respectively) in a semiimmersive VR environment driven by a depth-sensing camera. It was hypothesized that: i) the PFC would be
bilaterally activated in response to the increase of the ISBT difficulty, as this cortical region is involved in the
allocation of attentional resources to maintain postural control; and ii) the PFC activation would be greater in
the right than in the left hemisphere considering its dominance for visual control of body balance. To verify these
hypotheses, 16 healthy male subjects were requested to stand barefoot while watching a 3 dimensional virtual
representation of themselves projected onto a screen. They were asked to maintain their equilibrium on a virtual
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blue swing board susceptible to external destabilizing perturbations (i.e., randomizing the forward-backward
direction of the impressed pulse force) during a 3-min ISBT (performed at four levels of difficulty) or during a 3min CSBT (performed constantly at the lowest level of difficulty of the ISBT). The center of mass (COM), at each
frame, was calculated and projected on the floor. When the subjects were unable to maintain the COM over the
board, this became red (error). After each error, the time required to bring back the COM on the board was
calculated (returning time). An eight-channel continuous wave fNIRS system was employed for measuring
oxygenation changes (oxygenated-hemoglobin, O2Hb; deoxygenated-hemoglobin, HHb) related to the PFC
activation (Brodmann Areas 10, 11 and 46). The results have indicated that the errors increased between the
first and the second level of difficulty of the ISBT, then decreased and remained constant; the returning time
progressively increased during the first three levels of difficulty and then remained constant. During the CSBT,
the errors and the returning time did not change. In the ISBT, the increase of the first three levels of difficulty
was accompanied by a progressive increase in PFC O2Hb and a less consistent decrease in HHb. A tendency to
plateau was observable for PFC O2Hb and HHb changes in the fourth level of difficulty of the ISBT, which could
be partly explained by a learning effect. A right hemispheric lateralization was not found. A lower amplitude of
increase in O2Hb and decrease in HHb was found in the PFC in response to the CSBT with respect to the ISBT.
This study has demonstrated that the oxygenation increased over the PFC while performing an ISBT in a semiimmersive VR environment. These data reinforce the involvement of the PFC in attention-demanding balance
tasks. Considering the adaptability of this virtual balance task to specific neurological disorders, the absence of
motion sensing devices, and the motivating/safe semi-immersive VR environment, the ISBT adopted in this
study could be considered valuable for diagnostic testing and for assessing the effectiveness of functional
neurorehabilitation.

139. Ono et al. (2014). Frontotemporal oxyhemoglobin dynamics predict performance accuracy of
dance simulation gameplay: Temporal characteristics of top-down and bottom-up cortical
activities
Abstract: We utilized the high temporal resolution of functional near-infrared spectroscopy to explore how
sensory input (visual and rhythmic auditory cues) are processed in the cortical areas of multimodal integration
to achieve coordinated motor output during unrestricted dance simulation gameplay. Using an open source clone
of the dance simulation video game, Dance Dance Revolution, two cortical regions of interest were selected for
study, the middle temporal gyrus (MTG) and the frontopolar cortex (FPC). We hypothesized that activity in the
FPC would indicate top-down regulatory mechanisms of motor behavior; while that in the MTG would be
sustained due to bottom-up integration of visual and auditory cues throughout the task. We also hypothesized
that a correlation would exist between behavioral performance and the temporal patterns of the hemodynamic
responses in these regions of interest. Results indicated that greater temporal accuracy of dance steps positively
correlated with persistent activation of the MTG and with cumulative suppression of the FPC. When auditory
cues were eliminated from the simulation, modifications in cortical responses were found depending on the
gameplay performance. In the MTG, high-performance players showed an increase but low-performance players
displayed a decrease in cumulative amount of the oxygenated hemoglobin response in the no music condition
compared to that in the music condition. In the FPC, high-performance players showed relatively small variance
in the activity regardless of the presence of auditory cues, while low-performance players showed larger
differences in the activity between the no music and music conditions. These results suggest that the MTG plays
an important role in the successful integration of visual and rhythmic cues and the FPC may work as top-down
control to compensate for insufficient integrative ability of visual and rhythmic cues in the MTG. The relative
relationships between these cortical areas indicated high- to low-performance levels when performing cued motor
tasks. We propose that changes in these relationships can be monitored to gauge performance increases in motor
learning and rehabilitation programs.
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140. Derosière et al. (2014). Similar scaling of contralateral and ipsilateral cortical responses during
graded unimanual force generation
Abstract: Hemibody movements are strongly considered as being under the control of the contralateral
hemisphere of the cerebral cortex. However, some neuroimaging studies have found a bilateral activation of
either the primary sensori-motor (SM1) areas or the rostral prefrontal cortex (PFC), during unimanual tasks.
More than just bilateral, the activation of these areas was found to be symmetrical in some studies. However, the
symmetrical response remains strongly controversial notably for handgrip force generations. We therefore aimed
to examine the bilateral SM1 and rostral PFC area activations in response to graded submaximal force
generation during a unilateral handgrip task. Fifteen healthy subjects performed 6 levels of force (ranging from
5 to 50% of MVC) during a handgrip task. We concomitantly measured the activation of bilateral SM1 and
rostral PFC areas through near-infrared spectroscopy (NIRS) and the electromyographic (EMG) activity of the
bilateral flexor digitorum superficialis (FDS) muscles. Symmetrical activation was found over the SM1 areas for
all the investigated levels of force. At the highest level of force (i.e., 50% of MVC), the EMG of the passive FDS
increased significantly and the ipsilateral rostral PFC activation was found more intense than the corresponding
contralateral rostral PFC activation. We suggest that the visuo-guided control of force levels during a handgrip
task requires the cross-talk from ipsi- to contralateral SM1 to cope for the relative complexity of the task, similar
to that which occurs during complex sequential finger movement. We also propose alternative explanations for
the observed symmetrical SM1 activation including (i) the ipsilateral corticospinal tract and (ii) interhemispheric
inhibition (IHI) mechanism. The increase in EMG activity over the passive FDS could be associated with a
release of IHI at 50% of MVC. Finally, our results suggest that the greater ipsilateral (right) rostral PFC
activation may reflect the greater demand of attention required to control the motor output at high levels of
force.

141. Ehlis et al. (2014). Application of functional near-infrared spectroscopy in psychiatry
Abstract: Two decades ago, the introduction of functional near-infrared spectroscopy (fNIRS) into the field of
neuroscience created new opportunities for investigating neural processes within the human cerebral cortex.
Since then, fNIRS has been increasingly used to conduct functional activation studies in different
neuropsychiatric disorders, most prominently schizophrenic illnesses, affective disorders and developmental
syndromes, such as attention-deficit/hyperactivity disorder as well as normal and pathological aging. This review
article provides a comprehensive overview of state of the art fNIRS research in psychiatry covering a wide range
of applications, including studies on the phenomenological characterization of psychiatric disorders, descriptions
of life-time developmental aspects, treatment effects, and genetic influences on neuroimaging data. Finally,
methodological shortcomings as well as current research perspectives and promising future applications of
fNIRS in psychiatry are discussed. We conclude that fNIRS is a valid addition to the range of neuroscientific
methods available to assess neural mechanisms underlying neuropsychiatric disorders. Future research should
particularly focus on expanding the presently used activation paradigms and cortical regions of interest, while
additionally fostering technical and methodological advances particularly concerning the identification and
removal of extracranial influences on fNIRS data as well as systematic artifact correction. Eventually, fNIRS
might be a useful tool in practical psychiatric settings involving both diagnostics and the complementary
treatment of psychological disorders using, for example, neurofeedback applications.

142. Matsubara et al. (2014). Prefrontal activation in response to emotional words in patients with
bipolar disorder and major depressive disorder
Abstract: Abnormal emotional processing is involved in the pathophysiology of bipolar disorder (BD) and major
depressive disorder (MDD). However, whether the neural mechanism underlying this deficit is a trait
characteristic of BD and MDD is unclear. The aim of this study was to elucidate the similarities and differences
in processing of emotional stimuli between patients with BD and MDD in remission, using functional near53
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infrared spectroscopy (fNIRS). Thirty-two patients (16 with BD and 16 with MDD) and 20 healthy control
subjects matched for age, sex, handedness, and years of education were included. An emotional Stroop task,
including happy, sad, and threat words, was used. The relative oxygenated and deoxygenated hemoglobin
concentration ([oxy-Hb] and [deoxy-Hb]) changes in the frontal region were measured using 52-channels of
NIRS. During the threat task, compared to healthy control subjects, patients with BD showed significantly
increased [oxy-Hb] in the left inferior frontal region whereas patients with MDD showed significantly increased
[oxy-Hb] in the left middle frontal region. During the happy task, compared to healthy control subjects, patients
with BD showed significantly decreased [oxy-Hb] in the middle frontal region in both hemispheres. Moreover,
patients with BD exhibited decreased [oxy-Hb] and increased [deoxy-Hb] in the superior frontal and middle
frontal regions compared to MDD in response to the happy stimulus. No significant differences in [oxy-Hb] or
[deoxy-Hb] were seen between the groups during the sad task. These results suggest that abnormal neural
responses to emotional stimuli in patients with mood disorders in remission may be a trait characteristic, that
negative emotional stimuli are associated with similar prefrontal responses, and that positive emotional stimuli
are associated with different prefrontal responses in patients with BD and MDD. These findings indicate that
different neural circuits play a role in emotional processing in BD and MDD; this may aid the elucidation of the
pathophysiology of these two disorders.

143. Takizawa et al. (2014). Neuroimaging-aided differential diagnosis of the depressive state
Abstract: A serious problem in psychiatric practice is the lack of specific, objective biomarker-based
assessments to guide diagnosis and treatment. The use of such biomarkers could assist clinicians in establishing
differential diagnosis, which may improve specific individualised treatment. This multi-site study sought to
develop a clinically suitable neuroimaging-guided diagnostic support system for differential diagnosis at the
single-subject level among multiple psychiatric disorders with depressive symptoms using near-infrared
spectroscopy, which is a compact and portable neuroimaging method. We conducted a multi-site, case–control
replication study using two cohorts, which included seven hospitals in Japan. The study included 673 patients
(women/men: 315/358) with psychiatric disorders (major depressive disorder, bipolar disorder, or schizophrenia)
who manifested depressive symptoms, and 1007 healthy volunteers (530/477). We measured the accuracy of the
single-subject classification in differential diagnosis among major psychiatric disorders, based on spatiotemporal
characteristics of fronto-temporal cortical haemodynamic response patterns induced by a brief (< 3 min) verbal
fluency task. Data from the initial site were used to determine an optimal threshold, based on receiver-operator
characteristics analysis, and to generate the simplest and most significant algorithm, which was validated using
data from the remaining six sites. The frontal haemodynamic patterns detected by the near-infrared
spectroscopy method accurately distinguished between patients with major depressive disorder (74.6%) and
those with the two other disorders (85.5%; bipolar disorder or schizophrenia) that presented with depressive
symptoms. These results suggest that neuroimaging-guided differential diagnosis of major psychiatric disorders
developed using the near-infrared spectroscopy method can be a promising biomarker that should aid in
personalised care in real clinical settings. Potential confounding effects of clinical (e.g., age, sex) and systemic
(e.g., autonomic nervous system indices) variables on brain signals will need to be clarified to improve
classification accuracy.

144. Sakakibara et al. (2014). Genetic influences on prefrontal activation during a verbal fluency task
in adults: A twin study based on multichannel near-infrared spectroscopy
Abstract: Near-infrared spectroscopy (NIRS) studies have reported that prefrontal hemodynamic dysfunction
during executive function tasks may be a promising biomarker of psychiatric disorders, because its portability
and noninvasiveness allow easy measurements in clinical settings. Here, we investigated the degree to which
prefrontal NIRS signals are genetically determined. Using a 52-channel NIRS system, we monitored the oxyhemoglobin (oxy-Hb) signal changes in 38 adult pairs of right-handed monozygotic (MZ) twins and 13 pairs of
same-sex right-handed dizygotic (DZ) twins during a letter version of the verbal fluency task. Heritability was
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estimated based on a classical twin paradigm using structured equation modeling. Significant genetic influences
were estimated in the right dorsolateral prefrontal cortex and left frontal pole. The degrees of heritability were
66% and 75% in the variances, respectively. This implies that the prefrontal hemodynamic dysfunction observed
during an executive function task measured by NIRS may be an efficient endophenotype for large-scale imaging
genetic studies in psychiatric disorders.

145. Marumo et al. (2014). Functional abnormalities in the left ventrolateral prefrontal cortex during
a semantic fluency task, and their association with thought disorder in patients with
schizophrenia
Abstract: Thought disorder is one of the primary symptoms in schizophrenia, yet the neural correlates and
related semantic processing abnormalities remain unclear. We aimed to investigate the relationship between
functional prefrontal abnormalities and thought disorder in schizophrenia using 2 types of verbal fluency tasks:
the letter fluency task (LFT) and the category fluency task (CFT). Fifty-six adult patients with schizophrenia
and 56 healthy controls matched for age, gender, and IQ participated in the study. During completion of the 2
types of verbal fluency tasks, we measured oxy- and deoxy-hemoglobin concentration ([oxy-Hb] and [deoxy-Hb])
signal changes over a wide area of the bilateral prefrontal cortex, using a 52-channel near-infrared spectroscopy
(NIRS) system. Thought disorder scores were evaluated using the positive and negative syndrome scale. CFT
performance was significantly higher than LFT performance in both groups, while there was no significant
difference in any prefrontal NIRS signal changes between the 2 tasks in either group. In both versions of verbal
fluency task, healthy controls exhibited a significantly greater NIRS signal change than did patients with
schizophrenia. On the CFT only, left ventrolateral prefrontal NIRS [deoxy-Hb] signals were significantly
associated with thought disorder scores in patients with schizophrenia. Our results suggest that left
ventrolateral prefrontal abnormalities in category fluency might be related to thought disorder in schizophrenia.
This could lead to an improved understanding of the neural mechanisms within the left ventrolateral prefrontal
cortex involved in mediating semantic processing, as well as the relationship between semantic processing
abnormalities and thought disorder in schizophrenia.

146. Nishimura et al. (2014). 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.
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147. Obrig (2014). NIRS in clinical neurology — a ‘promising’ tool?
Abstract: Near-infrared spectroscopy (NIRS) has become a relevant research tool in neuroscience. In special
populations such as infants and for special tasks such as walking, NIRS has asserted itself as a low resolution
functional imaging technique which profits from its ease of application, portability and the option to co-register
other neurophysiological and behavioral data in a ‘near natural’ environment. For clinical use in neurology this
translates into the option to provide a bed-side oximeter for the brain, broadly available at comparatively low
costs. However, while some potential for routine brain monitoring during cardiac and vascular surgery and in
neonatology has been established, NIRS is largely unknown to clinical neurologists. The article discusses some of
the reasons for this lack of use in clinical neurology. Research using NIRS in three major neurologic diseases
(cerebrovascular disease, epilepsy and headache) is reviewed. Additionally the potential to exploit the
established position of NIRS as a functional imaging tool with regard to clinical questions such as preoperative
functional assessment and neurorehabilitation is discussed.

148. Fujimoto et al. (2014). Cortical changes underlying balance recovery in patients with hemiplegic
stroke
Abstract: Balance problems are a major sequelae of stroke and are implicated in poor recovery of activities of
daily living. In a cross-sectional study, using 50-channel event-related functional near-infrared spectroscopy we
previously reported a significant correlation between individual balance ability after stroke and postural
perturbation-related cortical activation in the supplementary motor area (SMA) and the prefrontal cortex.
However, the neural mechanisms underlying balance recovery after stroke remain unclear. Herein, we examined
the cortical involvement in balance recovery after stroke by determining longitudinal regional cortical activation
changes in patients with hemiplegic stroke. Twenty patients with subcortical stroke admitted to our hospital for
post-acute inpatient rehabilitation participated in this study. Before and after intensive inpatient physical and
occupational therapy rehabilitation, we evaluated cortical activation associated with external postural
perturbations induced by combined brisk forward and backward movement on a platform. Postural perturbationrelated cortical activation in the SMA of the affected and unaffected hemispheres was significantly increased
after intensive rehabilitation. The increment of the postural-perturbation-related oxygenated hemoglobin signals
in the SMA of the unaffected hemisphere was significantly correlated with the gain in balance function
measured by the Berg Balance Scale. These findings support the conclusion that the SMA plays an important
role in postural balance control, and suggest that the SMA is a crucial area for balance recovery after hemiplegic
stroke.

149. Weigl et al. (2014). 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 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.
56

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 2, Issue 1 (January-March 2014)

150. Lin et al. (2014). 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.

151. Hagen et al. (2014). 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
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.

152. Fabiani et al. (2014). Neurovascular coupling in normal aging: A combined optical, ERP and
fMRI study
Abstract: Brain aging is characterized by changes in both hemodynamic and neuronal responses, which may be
influenced by the cardiorespiratory fitness of the individual. To investigate the relationship between neuronal
and hemodynamic changes, we studied the brain activity elicited by visual stimulation (checkerboard reversals
at different frequencies) in younger adults and in older adults varying in physical fitness. Four functional brain
measures were used to compare neuronal and hemodynamic responses obtained from BA17: two reflecting
neuronal activity (the event-related optical signal, EROS, and the C1 response of the ERP), and two reflecting
functional hemodynamic changes (functional magnetic resonance imaging, fMRI, and near-infrared spectroscopy,
NIRS). The results indicated that both younger and older adults exhibited a quadratic relationship between
neuronal and hemodynamic effects, with reduced increases of the hemodynamic response at high levels of
neuronal activity. Although older adults showed reduced activation, similar neurovascular coupling functions
were observed in the two age groups when fMRI and deoxy-hemoglobin measures were used. However, the
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coupling between oxy- and deoxy-hemoglobin changes decreased with age and increased with increasing fitness.
These data indicate that departures from linearity in neurovascular coupling may be present when using
hemodynamic measures to study neuronal function.

153. Vermeij et al. (2014). Very-low-frequency oscillations of cerebral hemodynamics and blood
pressure are affected by aging and cognitive load
Abstract: Spontaneous slow oscillations occur in cerebral hemodynamics and blood pressure (BP), and may
reflect neurogenic, metabolic or myogenic control of the cerebral vasculature. Aging is accompanied by a
degeneration of the vascular system, which may have consequences for regional cerebral blood flow and cognitive
performance. This degeneration may be reflected in a reduction of spontaneous slow oscillations of cerebral
hemodynamics and BP. Therefore, we aimed to establish the dependency of slow oscillations of cerebral
hemodynamics and BP on the factors age and cognitive load, by using functional near-infrared spectroscopy
(fNIRS). Fourteen healthy young (23–32 years) and 14 healthy older adults (64–78 years) performed a verbal nback working-memory task. Oxygenated and deoxygenated hemoglobin concentration changes were registered by
two fNIRS channels located over left and right prefrontal cortex. BP was measured in the finger by
photoplethysmography. We found that very-low-frequency oscillations (0.02–0.07 Hz) and low-frequency
oscillations (0.07–0.2 Hz) of cerebral hemodynamics and BP were reduced in the older adults compared to the
young during task performance. In young adults, very-low-frequency oscillations of cerebral hemodynamics and
BP reduced with increased cognitive load. Cognitive load did not affect low-frequency oscillations of the cerebral
hemodynamics and BP. Transfer function analysis indicated that the relationship between BP and cerebral
hemodynamic oscillations does not change under influence of age and cognitive load. Our results suggest agingrelated changes in the microvasculature such as declined spontaneous activity in microvascular smooth muscle
cells and vessel stiffness. Moreover, our results indicate that in addition to local vasoregulatory processes,
systemic processes also influence cerebral hemodynamic signals. It is therefore crucial to take the factors age
and BP into consideration for the analysis and interpretation of hemodynamic neuroimaging data.

154. Leon-Dominguez et al. (2014). 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
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.

155. Cutin et al. (2014). 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
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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 costeffective, 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.

156. Daly et al. (2014). A surgical navigation system for non-contact diffuse optical tomography and
intraoperative cone-beam CT
Abstract: A freehand, non-contact diffuse optical tomography (DOT) system has been developed for multimodal
imaging with intraoperative cone-beam CT (CBCT) during minimally-invasive cancer surgery. The DOT system
is configured for near-infrared fluorescence imaging with indocyanine green (ICG) using a collimated 780 nm
laser diode and a nearinfrared CCD camera (PCO Pixelfly USB). Depending on the intended surgical application,
the camera is coupled to either a rigid 10 mm diameter endoscope (Karl Storz) or a 25 mm focal length lens
(Edmund Optics). A prototype flatpanel CBCT C-Arm (Siemens Healthcare) acquires low-dose 3D images with
sub-mm spatial resolution. A 3D mesh is extracted from CBCT for finite-element DOT implementation in
NIRFAST (Dartmouth College), with the capability for soft/hard imaging priors (e.g., segmented lymph nodes). A
stereoscopic optical camera (NDI Polaris) provides real-time 6D localization of reflective spheres mounted to the
laser and camera. Camera calibration combined with tracking data is used to estimate intrinsic (focal length,
principal point, non-linear distortion) and extrinsic (translation, rotation) lens parameters. Source/detector
boundary data is computed from the tracked laser/camera positions using radiometry models. Target
registration errors (TRE) between real and projected boundary points are ~1-2 mm for typical acquisition
geometries. Pre-clinical studies using tissue phantoms are presented to characterize 3D imaging performance.
This translational research system is under investigation for clinical applications in head-and-neck surgery
including oral cavity tumour resection, lymph node mapping, and free-flap perforator assessment.

157. Chamorro-Servent et al. (2014). Split Bregman-Singular Value Analysis Approach to Solve the
Compressed Sensing Problem of Fluorescence Diffuse Optical Tomography
Abstract: Compressed Sensing (CS) techniques are becoming increasingly popular to speed up data acquisition
in many modalities. However, most of CS theory is devoted to undetermined problems and there are few
contributions that apply it to ill-posed problems. In this work we present a novel approach to CS for fluorescence
diffuse optical tomography (fDOT), named the Split Bregman-Singular Value Analysis (SB-SVA) iterative
method. This approach is based on the combination of Split Bregman (SB) algorithm to solve CS problems with a
theorem about the effect of ill-conditioning on L1 regularization. Our method restricts the solution reached at
each SB iteration to a determined space where the singular values of forward matrix and the sparsity structure
of each iteration solution combine in a beneficial manner. Taking Battle-Lemarie basis for wavelet transform,
where fDOT is sparse, we tested the method with fDOT simulated and experimental data, and found
improvement with respect to the results of standard SB algorithm.
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158. Perdue et al. (2014). T1 magnetic resonance imaging head segmentation for diffuse optical
tomography and electroencephalography
Abstract: Accurate segmentation of structural magnetic resonance images is critical for creating subject-specific
forward models for functional neuroimaging source localization. In this work, we present an innovative
segmentation algorithm that generates accurate head tissue layer thicknesses that are needed for diffuse optical
tomography (DOT) data analysis. The presented algorithm is compared against other publicly available head
segmentation methods. The proposed algorithm has a root mean square scalp thickness error of 1.60 mm, skull
thickness error of 1.96 mm, and summed scalp and skull error of 1.49 mm. We also introduce a segmentation
evaluation metric that evaluates the accuracy of tissue layer thicknesses in regions of the head where optodes
are typically placed. The presented segmentation algorithm and evaluation metric are tools for improving the
localization accuracy of neuroimaging with DOT, and also multimodal neuroimaging such as combined
electroencephalography and DOT.

159. Zhang et al. (2014). Comparison of Diffuse Optical Tomography, Ultrasound Elastography and
Mammography in the Diagnosis of Breast Tumors
Abstract: Previous studies have reported the usefulness of diffuse optical tomography (DOT), ultrasound
elastography (UE) and mammography in differentiating breast tumors. This study was aimed at evaluating and
comparing DOT, UE and mammography with respect to their diagnostic performance in differentiating benign
and malignant breast tumors. Of the 67 tumors, 45 were histopathologically benign, and 22 were malignant. UE
was the most specific (93.33%) of the three diagnostics modalities. DOT and UE were both more accurate
(80.60% and 89.55%, respectively) than mammography (63.08%). UE + mammography (93.33% and 91.04%) and
DOT + mammography (77.78% and 82.09%) exhibited higher specificity and accuracy, respectively, than
mammography alone (57.78% and 63.08%). Receiver operating characteristic (ROC) curves were constructed to
assess the performance of the modalities. In conclusion, UE and DOT were superior to conventional
mammography in terms of both specificity and accuracy. DOT and UE improve the specificity and accuracy of
breast cancer diagnosis, and combining the two modalities improves the diagnostic value.

160. Kazanci et al. (2014). Design and evaluation of a reflectance diffuse optical tomography system
Abstract: We have designed a continuous wave, back-reflection diffuse optical tomography system; and
developed a new practical calibration method including both optode efficiency and positional error corrections.
System design, data acquisition and calibration protocols are described in detail. Monte Carlo (MC) simulations
of photon distribution for tissue phantoms have been used to obtain the weight matrix to be used in the Rytov
approximation to the photon diffusion equation. The system has been evaluated by acquiring data from a tissue
phantom with a background scattering coefficient ( μ′s ) of 10cm−1 and absorption coefficient ( μa) of 0.04cm−1 .
An inclusion made of 1 % Intralipid and indocyanine green with μ′s=10cm−1 and μa=0.16cm−1 was placed at a 2
cm depth from the tissue phantom surface. After calibration, the average value of the measurements over
source–detector pairs at the same distance for each neighborhood was calculated. Perturbation data were
obtained by subtracting the average data from the measurements with the same source–detector separation. In
the reconstruction, weight matrixes obtained from MC simulation for μ′s=7 to 12cm−1 were used. The Depth
Compensation Algorithm was used in the Tikhonov regularization to identify the location of the inclusion
correctly in the reconstruction.
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161. Shaw et al. (2014). Incoherence-based optimal selection of independent measurements in diffuse
optical tomography
Abstract: An optimal measurement selection strategy based on incoherence among rows (corresponding to
measurements) of the sensitivity (or weight) matrix for the near infrared diffuse optical tomography is proposed.
As incoherence among the measurements can be seen as providing maximum independent information into the
estimation of optical properties, this provides high level of optimization required for knowing the independency
of a particular measurement on its counterparts. The proposed method was compared with the recently
established data-resolution matrix-based approach for optimal choice of independent measurements and shown,
using simulated and experimental gelatin phantom data sets, to be superior as it does not require an optimal
regularization parameter for providing the same information.

162. Potlov et al. (2014). Three-dimensional representation of late-arriving photons for detecting
inhomogeneities in diffuse optical tomography
Abstract: A method for rapid detection of absorbing inhomogeneity in a strongly scattering medium having the
properties of a biological tissue before the image reconstruction is described based on the principles of diffuse
optical tomography. The method is based on preliminary processing of a three-dimensional surface obtained from
the set of time-resolved data in the Cartesian coordinate system, followed by its conformal transformation into
two surfaces in the cylindrical coordinate system. A specific feature of the method is the use of late-arriving
photons, scattered and diffusely transmitted through an optically turbid object.

163. Pian et al. (2014). Structured light based hyperspectral time-resolved diffuse optical tomography
system
Abstract: Time-resolved Diffuse Optical Tomography (DOT) has experienced rapid progress in recent years. It is
a powerful functional imaging technique that allows acquiring abundant quantitative optical information from
turbid media. However, the application of time domain DOT systems is hampered by the tradeoff between
gathering dense data sets and practical acquisition times. Recently, wide-field structured illumination patterns
have been applied in time-resolved DOT platforms to drastically accelerate the data acquisition process. In this
work, we present a novel structured light based imaging strategy for DOT that can generate time domain
datasets enriched by hyperspectral information with short data acquisition times. We employ two digital light
processors to generate wide-field imaging pattern both in the illumination and detection channels to capture
tomographic data sets over large areas. The hyperspectral data sets are acquired using a time-resolved
spectrophotometer built around a multi-anode photomultiplier tube (PMT) that can detect photons in 16
wavelength channels simultaneously based on time-correlated single photon counting (TCSPC) technique. The
characteristics of the system are tested in the spatial, temporal and spectral dimensions. The performance of the
imaging system is validated through preliminary 3D reconstruction of absorption heterogeneity distribution
within a murine model phantom. The application of digital light modulators in illumination and detection
combined with timeresolved PMT spectrophotometer enables our system to acquire dense time domain data sets
both in the spatial, temporal and spectral dimensions at an unprecedented speed. The phantom validation shows
that proposed strategy is a promising technique for fast, high resolution, quantitative three dimensional
volumetric imaging.

164. Konovalov et al. (2014). Spatial resolution analysis for time-domain diffuse optical tomography
based on a perturbation model
Abstract: We estimate a limit to spatial resolution in time-domain diffuse optical tomography (DOT) based on a
perturbation model by Lyubimov. In the context of structure reconstruction accuracy we consider and compare
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three approaches to the inverse DOT problem. The first reconstructs diffuse tomograms from straight lines; the
second does it from curvilinear average trajectories of photons; and the third uses the total banana-like
distributions of photon trajectories. For getting estimates to resolution, we derive analytical expressions for the
point spread function and the modulation transfer function, and perform a numerical experiment to reconstruct
rectangular scattering objects with circular absorbing inhomogeneities. It is shown that reconstruction with
photon trajectory distributions instead of straight lines gives a gain of about order of magnitude in resolution
and attains the accuracy of multistep nonlinear DOT algorithms.

165. Powell et al. (2014). Quantitative reconstruction of absorption and scattering coefficients in
ultrasound-modulated optical tomography
Abstract: The simultaneous and/or quantitative recovery of optical absorption and scattering coefficients in
ultrasound modulated optical tomography requires the use of a model-based inversion procedure. In this work
we employ a linearised forward model as part of a non-linear image reconstruction process, recovering
parameters with an error of less than ±3% from simulated measurements with 1% Gaussian noise and initial
conditions differing by 10% from the actual background.

166. Konovalov et al. (2014). Theoretical limit of spatial resolution in diffuse optical tomography using
a perturbation model
Abstract: We have assessed the limit of spatial resolution of timedomain diffuse optical tomography (DOT)
based on a perturbation reconstruction model. From the viewpoint of the structure reconstruction accuracy,
three different approaches to solving the inverse DOT problem are compared. The first approach involves
reconstruction of diffuse tomograms from straight lines, the second – from average curvilinear trajectories of
photons and the third – from total banana-shaped distributions of photon trajectories. In order to obtain
estimates of resolution, we have derived analytical expressions for the point spread function and modulation
transfer function, as well as have performed a numerical experiment on reconstruction of rectangular scattering
objects with circular absorbing inhomogeneities. It is shown that in passing from reconstruction from straight
lines to reconstruction using distributions of photon trajectories we can improve resolution by almost an order of
magnitude and exceed the accuracy of reconstruction of multi-step algorithms used in DOT.

167. Puszka et al. (2014). Optimal arrangements of fiber optic probes to enhance the spatial
resolution in depth for 3D reflectance diffuse optical tomography with time-resolved
measurements performed with fast-gated single-photon avalanche diodes
Abstract: Fiber optic probes with a width limited to a few centimeters can enable diffuse optical tomography
(DOT) in intern organs like the prostate or facilitate the measurements on extern organs like the breast or the
brain. We have recently shown on 2D tomographic images that time-resolved measurements with a large
dynamic range obtained with fast-gated single-photon avalanche diodes (SPADs) could push forward the imaged
depth range in a diffusive medium at short source-detector separation compared with conventional non-gated
approaches. In this work, we confirm these performances with the first 3D tomographic images reconstructed
with such a setup and processed with the Mellin- Laplace transform. More precisely, we investigate the
performance of hand-held probes with short interfiber distances in terms of spatial resolution and specifically
demonstrate the interest of having a compact probe design featuring small source-detector separations. We
compare the spatial resolution obtained with two probes having the same design but different scale factors, the
first one featuring only interfiber distances of 15 mm and the second one, 10 mm. We evaluate experimentally
the spatial resolution obtained with each probe on the setup with fast-gated SPADs for optical phantoms
featuring two absorbing inclusions positioned at different depths and conclude on the potential of short sourcedetector separations for DOT.
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168. Shaw et al. (2014). Performance evaluation of typical approximation algorithms for nonconvex
ℓp-minimization in diffuse optical tomography
Abstract: The sparse estimation methods that utilize the ℓp-norm, with p being between 0 and 1, have shown
better utility in providing optimal solutions to the inverse problem in diffuse optical tomography. These ℓp-normbased regularizations make the optimization function nonconvex, and algorithms that implement ℓp-norm
minimization utilize approximations to the original ℓp-norm function. In this work, three such typical methods
for implementing the ℓp-norm were considered, namely, iteratively reweighted ℓ1-minimization (IRL1),
iteratively reweighted least squares (IRLS), and the iteratively thresholding method (ITM). These methods were
deployed for performing diffuse optical tomographic image reconstruction, and a systematic comparison with the
help of three numerical and gelatin phantom cases was executed. The results indicate that these three methods
in the implementation of ℓp-minimization yields similar results, with IRL1 fairing marginally in cases
considered here in terms of shape recovery and quantitative accuracy of the reconstructed diffuse optical
tomographic images.

169. Jixing et al. (2014). Sparsity Enhanced Reconstruction Algorithms For Diffuse Optical
Tomography
Abstract: Conventional reconstruction algorithms for diffuse optical tomography (DOT) is based on Tikhonov
regularization method and the simple white Gaussian noise (WGN) assumption. These approaches usually lead
to the following problems: 1. The reconstructed images are blurry; 2. In 3D reconstruction problems, the
reconstructed objects are usually in the wrong depths; 3. The shape of a reconstructed object might be different
from its original one due to the noise.In this work, after study the nature of DOT images as well as the data
acquisition process, several sparsity regularization related reconstruction methods were developed to improve
the spatial resolution as well as the fidelity of the reconstructed image. First, this thesis presents a simple
reconstruction formula that adjusts the sensing matrix to improve the depth reconstruction in the 3D space.
With the sparsity constraint, the spatial resolutions of a reconstructed image can also be improved even with
WGN added to the measurements.Next, to make the reconstruction formula more practical, the physical sensing
model and its relationship with the measurement noise are further studied. Consequently, an effective noise
quantification method is derived. By incorporating this noise level information to the reconstruction process,
objects with more complex shapes can be recovered almost correctly. Finally, the relative noise (RN) model is
derived by considering the transformation from the light intensity measurements to relative light density
changes. Thereafter, a maximum a posteriori (MAP) estimator, together with both $\ell_1$ norm and $\ell_2$
norm regularization terms, is developed. The resulting optimization problem is solved by the ellipsoid algorith.
The improvement of using this more accurate noise model is demonstrated by both computer simulation and
phantom experiments.

170. Prakash et al. (2014). Model-Resolution-Based Basis Pursuit Deconvolution Improves Diffuse
Optical Tomographic Imaging
Abstract: The image reconstruction problem encountered in diffuse optical tomographic imaging is ill-posed in
nature, necessitating the usage of regularization to result in stable solutions. This regularization also results in
loss of resolution in the reconstructed images. A frame work, that is attributed by model-resolution, to improve
the reconstructed image characteristics using the basis pursuit deconvolution method is proposed here. The
proposed method performs this deconvolution as an additional step in the image reconstruction scheme. It is
shown, both in numerical and experimental gelatin phantom cases, that the proposed method yields better
recovery of the target shapes compared to traditional method, without the loss of quantitativeness of the results.
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171. Sharikova et al. (2014). Diffuse optical tomography using multichannel robotic platform for
interstitial PDT
Abstract: In the operating room, time is extremely precious, and the speed of one’s data acquisition system often
determines whether the data will be taken or not. Our multichannel robotic platform addresses this issue by
optimizing source and detector scanning procedures. Up to 16 fibers can be moved independently with resolution
of 0.05 mm and speed of 50 mm/s using motors with position feedback. The initial fiber alignment employs a
light beam/optical detector system for identical positioning of all motors. Peak and edge detection algorithms, for
point and linear sources, are used with multiple fibers simultaneously for fast realignment of sources and
detectors. The robotic platform is used to perform Diffuse Optical Tomography (DOT) measurements in solid
prostate phantoms with both homogenous and inhomogeneous Optical Properties (OP). Correct positioning is
critical for the accurate recovery of the OP. The light fluence rate distribution is determined by scanning
multiple detector fibers simultaneously along lit linear sources placed throughout the phantom volume inside
catheter needles. The scanning time for the entire DOT is about 10 seconds after the initial alignment. The OP
distribution reconstruction is based on the steady-state light diffusion equation. The inverse interstitial DOT
problem is solved using NIRFAST. The optical properties are recovered by iterative minimization of the
difference between measured and calculated light fluence rates. Recovered OP agree with the actual values
within 10%. The OP corrections are used to significantly improve light fluence accuracy for the entire volume of
bulk tumor.

172. Jung et al. (2014). Effect of modulation frequency bandwidth on measurement accuracy and
precision for digital diffuse optical spectroscopy (dDOS)
Abstract: Near-infrared (NIR) frequency-domain Diffuse Optical Spectroscopy (DOS) is an emerging technology
with a growing number of potential clinical applications. In an effort to reduce DOS system complexity and
improve portability, we recently demonstrated a direct digital sampling method that utilizes digital signal
generation and detection as a replacement for more traditional analog methods. In our technique, a fast analogto-digital converter (ADC) samples the detected time-domain radio frequency (RF) waveforms at each
modulation frequency in a broad-bandwidth sweep (50- 300MHz). While we have shown this method provides
comparable results to other DOS technologies, the process is data intensive as digital samples must be stored
and processed for each modulation frequency and wavelength. We explore here the effect of reducing the
modulation frequency bandwidth on the accuracy and precision of extracted optical properties. To accomplish
this, the performance of the digital DOS (dDOS) system was compared to a gold standard network analyzer
based DOS system. With a starting frequency of 50MHz, the input signal of the dDOS system was swept to 100,
150, 250, or 300MHz in 4MHz increments and results were compared to full 50-300MHz networkanalyzer DOS
measurements. The average errors in extracted μa and μs' with dDOS were lowest for the full 50-300MHz sweep
(less than 3%) and were within 3.8% for frequency bandwidths as narrow as 50-150MHz. The errors increased to
as much as 9.0% when a bandwidth of 50-100MHz was tested. These results demonstrate the possibility for
reduced data collection with dDOS without critical compensation of optical property extraction.

173. Wu et al. (2014). Time reversal optical tomography and decomposition methods for detection
and localization of targets in highly scattering turbid media
Abstract: New near-infrared (NIR) diffuse optical tomography (DOT) approaches were developed to detect,
locate, and image small targets embedded in highly scattering turbid media. The first approach, referred to as
time reversal optical tomography (TROT), is based on time reversal (TR) imaging and multiple signal
classification (MUSIC). The second approach uses decomposition methods of non-negative matrix factorization
(NMF) and principal component analysis (PCA) commonly used in blind source separation (BSS) problems, and
compare the outcomes with that of optical imaging using independent component analysis (OPTICA). The goal is
to develop a safe, affordable, noninvasive imaging modality for detection and characterization of breast tumors
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in early growth stages when those are more amenable to treatment. The efficacy of the approaches was tested
using simulated data, and experiments involving model media and absorptive, scattering, and fluorescent
targets, as well as, "realistic human breast model" composed of ex vivo breast tissues with embedded tumors.
The experimental arrangements realized continuous wave (CW) multi-source probing of samples and multidetector acquisition of diffusely transmitted signal in rectangular slab geometry. A data matrix was generated
using the perturbation in the transmitted light intensity distribution due to the presence of absorptive or
scattering targets. For fluorescent targets the data matrix was generated using the diffusely transmitted
fluorescence signal distribution from the targets. The data matrix was analyzed using different approaches to
detect and characterize the targets. The salient features of the approaches include ability to: (a) detect small
targets; (b) provide three-dimensional location of the targets with high accuracy (~within a millimeter or 2); and
(c) assess optical strength of the targets. The approaches are less computation intensive and consequently are
faster than other inverse image reconstruction methods that attempt to reconstruct the optical properties of
every voxel of the sample volume. The location of a target was estimated to be the weighted center of the optical
property of the target. Consequently, the locations of small targets were better specified than those of the
extended targets. It was more difficult to retrieve the size and shape of a target. The fluorescent measurements
seemed to provide better accuracy than the transillumination measurements. In the case of ex vivo detection of
tumors embedded in human breast tissue, measurements using multiple wavelengths provided more robust
results, and helped suppress artifacts (false positives) than that from single wavelength measurements. The
ability to detect and locate small targets, speedier reconstruction, combined with fluorophore-specific multiwavelength probing has the potential to make these approaches suitable for breast cancer detection and
diagnosis.

174. Yang et al. (2014). High resolution 3D image reconstruction in laminar optical tomography
based on compressive sensing
Abstract: Laminar optical tomography (LOT) combines the advantages of diffuse optical tomography image
reconstruction and a microscopy-based setup to allow non-contact imaging at depth up to a few millimeters.
However, LOT image reconstruction paradigm is inherently an ill-posed and computationally expensive inverse
problem. Herein, we cast the LOT inverse problem in the compressive sensing (CS) framework to exploit the
sparsity of the fluorophore yield in the image domain and to address the ill-posedness of the LOT inverse
problem. We apply this new approach to thick tissue engineering applications. We demonstrate the enhanced
resolution of our method in 3-D numerical simulations of anatomically accurate microvasculature and using real
data obtained from phantom experiments. Furthermore, CS is shown to be more robust against the reduction of
measurements in comparison to the classic methods for such application. Potential benefits and shortcomings of
the CS approach in the context of LOT are discussed.

175. Michaelsen et al. (2014). Anthropomorphic breast phantoms with physiological water, lipid, and
hemoglobin content for near-infrared spectral tomography
Abstract: Breast mimicking tissue optical phantoms with sufficient structural integrity to be deployed as standalone imaging targets are developed and successfully constructed with biologically relevant concentrations of
water, lipid, and blood. The results show excellent material homogeneity and reproducibility with inter- and
intraphantom variability of 3.5 and 3.8%, respectively, for water and lipid concentrations ranging from 15 to
85%. The phantoms were long-lasting and exhibited water and lipid fractions that were consistent to within 5%
of their original content when measured 2 weeks after creation. A breast-shaped three-compartment model of
adipose, fibroglandular, and malignant tissues was created with water content ranging from 30% for the adipose
simulant to 80% for the tumor. Mean measured water content ranged from 30% in simulated adipose to 73% in
simulated tumor with the higher water localized to the tumor-like material. This novel heterogeneous phantom
design is composed of physiologically relevant concentrations of the major optical absorbers in the breast in the
near-infrared wavelengths that should significantly improve imaging system characterization and optimization
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because the materials have stand-alone structural integrity and can be readily molded into the sizes and shapes
of tissues commensurate with clinical breast imaging.

176. Zhang et al. (2014). Instrumentation in Diffuse Optical Imaging
Abstract: Diffuse optical imaging is highly versatile and has a very broad range of applications in biology and
medicine. It covers diffuse optical tomography, fluorescence diffuse optical tomography, bioluminescence and a
number of other new imaging methods. These methods of diffuse optical imaging have diversified instrument
configurations, but share the same core physical principle: light propagation in highly diffusive media, i.e.,
biological tissue. In this review, the author summarizes the latest development in instrumentation and
methodology available to diffuse optical imaging in terms of system architecture, light source, photo-detection,
spectral separation, signal modulation and, lastly, imaging contrast.

177. Sheffold et al. (2014). Principles and Fundamentals of Optical Imaging
Abstract: In this chapter I will give a brief general introduction to optical imaging and then discuss in more
detail some of the methods specifically used for imaging cortical dynamics today. Absorption and fluorescence
microscopy can be used to form direct, diffraction-limited images but standard methods are often only applicable
to superficial layers of cortical tissue. Two-photon microscopy takes an intermediate role since the illumination
pathway is diffraction-limited but the detection pathway is not. Losses in the illumination path can be
compensated using higher laser power. Since the detection pathway does not require image formation, the
method can substantially increase the imaging depth. Understanding the role of scattering is important in this
case since non-descanned detection can substantially enhance the imaging performance. Finally, I will discuss
some of the most widely used imaging methods that all rely on diffuse scattering such as diffuse optical
tomography, laser speckle imaging, and intrinsic optical imaging. These purely scattering-based methods offer a
much higher imaging depth, although at a substantially reduced spatial resolution.

178. Luk et al. (2014). A true multi-modality approach for high resolution optical imaging: photomagnetic imaging
Abstract: Multi-modality imaging leverages the competitive advantage of different imaging systems to improve
the overall resolution and quantitative accuracy. Our new technique, Photo-Magnetic Imaging (PMI) is one of
these true multi-modality imaging approaches, which can provide quantitative optical absorption map at MRI
spatial resolution. PMI uses laser light to illuminate tissue and elevate its temperature while utilizing MR
thermometry to measure the laser-induced temperature variation with high spatial resolution. The highresolution temperature maps are later converted to tissue absorption maps by a finite element based inverse
solver that is based on modeling of photon migration and heat diffusion in tissue. Previously, we have
demonstrated the feasibility of PMI with phantom studies. Recently, we have managed to reduce the laser power
under ANSI limit for maximum skin exposure therefore, we have well positioned PMI for in vivo imaging.
Currently we are expanding our system by adding multi-wavelength imaging capability. This will allow us not
only to resolve spatial distribution of tissue chromophores but also exogenous contrast agents. Although we test
PMIs feasibility with animal studies, our future goal is to use PMI for breast cancer imaging due to its high
translational potential.

179. Saikia et al. (2014). 3-D GPU based real time Diffuse Optical Tomographic system
Abstract: 3-Dimensional Diffuse Optical Tomographic (3-D DOT) image reconstruction algorithm is
computationally complex and requires excessive matrix computations and thus hampers reconstruction in real
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time. In this paper, we present near real time 3D DOT image reconstruction that is based on Broyden approach
for updating Jacobian matrix. The Broyden method simplifies the algorithm by avoiding re-computation of the
Jacobian matrix in each iteration. We have developed CPU and heterogeneous CPU/GPU code for 3D DOT image
reconstruction in C and MatLab programming platform. We have used Compute Unified Device Architecture
(CUDA) programming framework and CUDA linear algebra library (CULA) to utilize the massively parallel
computational power of GPUs (NVIDIA Tesla K20c). The computation time achieved for C program based
implementation for a CPU/GPU system for 3 planes measurement and FEM mesh size of 19172 tetrahedral
elements is 806 milliseconds for an iteration.

180. Tran et al. (2014). 3D reconstruction of internal structure of animal body using near-infrared
light
Abstract: To realize three-dimensional (3D) optical imaging of the internal structure of animal body, we have
developed a new technique to reconstruct CT images from two-dimensional (2D) transillumination images. In
transillumination imaging, the image is blurred due to the strong scattering in the tissue. We had developed a
scattering suppression technique using the point spread function (PSF) for a fluorescent light source in the body.
In this study, we have newly proposed a technique to apply this PSF for a light source to the image of unknown
light-absorbing structure. The effectiveness of the proposed technique was examined in the experiments with a
model phantom and a mouse. In the phantom experiment, the absorbers were placed in the tissue-equivalent
medium to simulate the light-absorbing organs in mouse body. Near-infrared light was illuminated from one side
of the phantom and the image was recorded with CMOS camera from another side. Using the proposed
techniques, the scattering effect was efficiently suppressed and the absorbing structure can be visualized in the
2D transillumination image. Using the 2D images obtained in many different orientations, we could reconstruct
the 3D image. In the mouse experiment, an anesthetized mouse was held in an acrylic cylindrical holder. We can
visualize the internal organs such as kidneys through mouse’s abdomen using the proposed technique. The 3D
image of the kidneys and a part of the liver were reconstructed. Through these experimental studies, the
feasibility of practical 3D imaging of the internal light-absorbing structure of a small animal was verified.

181. Wang et al. (2014). 3D printing method for freeform fabrication of optical phantoms simulating
heterogeneous biological tissue
Abstract: The performance of biomedical optical imaging devices heavily relies on appropriate calibration.
However, many of existing calibration phantoms for biomedical optical devices are based on homogenous
materials without considering the multi-layer heterogeneous structures observed in biological tissue. Using such
a phantom for optical calibration may result in measurement bias. To overcome this problem, we propose a 3D
printing method for freeform fabrication of tissue simulating phantoms with multilayer heterogeneous structure.
The phantom simulates not only the morphologic characteristics of biological tissue but also absorption and
scattering properties. The printing system is based on a 3D motion platform with coordinated control of the DC
motors. A special jet nozzle is designed to mix base, scattering, and absorption materials at different ratios. 3D
tissue structures are fabricated through layer-by-layer printing with selective deposition of phantom materials of
different ingredients. Different mixed ratios of base, scattering and absorption materials have been tested in
order to optimize the printing outcome. A spectrometer and a tissue spectrophotometer are used for
characterizing phantom absorption and scattering properties. The goal of this project is to fabricate skin tissue
simulating phantoms as a traceable standard for the calibration of biomedical optical spectral devices.
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182. Puszka et al. (2014). Time-resolved measurements in diffuse reflectance: effects of the
instrument response function of different detection systems on the depth sensitivity
Abstract: We demonstrate the loss of depth sensitivity induced by the instrument response function on
reflectance time-resolved diffuse optical tomography through the comparison of 3 detection systems: on one hand
a photomultiplier tube (PMT) and a hybrid PMT coupled with a time-correlated single-photon counting card and
on the other hand a high rate intensified camera. We experimentally evaluate the depth sensitivity achieved for
each detection module with an absorbing inclusion embedded in a turbid medium. The different interfiber
distances of 5, 10 and 15 mm are considered. Finally, we determine a maximal depth reached for each detection
system by using 3D tomographic reconstructions based on the Mellin-Laplace transform.

183. Lan et al. (2014). Advances in Noninvasive Functional Imaging of Bone
Abstract: The demand for functional imaging in clinical medicine is comprehensive. Although the gold standard
for the functional imaging of human bones in clinical settings is still radionuclide-based imaging modalities,
nonionizing noninvasive imaging technology in small animals has greatly advanced in recent decades, especially
the diffuse optical imaging to which Britton Chance made tremendous contributions. The evolution of imaging
probes, instruments, and computation has facilitated exploration in the complicated biomedical research field by
allowing longitudinal observation of molecular events in live cells and animals. These research-imaging tools are
being used for clinical applications in various specialties, such as oncology, neuroscience, and dermatology. The
Bone, a deeply located mineralized tissue, presents a challenge for noninvasive functional imaging in humans.
Using nanoparticles (NP) with multiple favorable properties as bioimaging probes has provided orthopedics an
opportunity to benefit from these noninvasive bone-imaging techniques. This review highlights the historical
evolution of radionuclide-based imaging, computed tomography, positron emission tomography, and magnetic
resonance imaging, diffuse optics–enabled in vivo technologies, vibrational spectroscopic imaging, and a greater
potential for using NPs for biomedical imaging.

184. Pichette et al. (2014). Diffuse photon density wavefront speed as a contrast for tomographic
imaging of heterogeneous diffusive media
Abstract: aging algorithm is implemented for tomographically reconstructing contrast maps of the space variant
speed of diffuse photon density wavefronts (DPDWFs) propagating in biological tissue-like diffusing media. This
speed serves as a novel contrast not previously exploited in the literature. The algorithm employs early photon
arrival times (EPATs) extracted from a set of time domain measurements. A relationship between EPATs and
the speed of DPDWFs is exploited as the forward model. The forward model and its use in an inverse problem
are supported by experimental results. These are carried out for 3D media with tissue-like optical properties.
The resulting inverse problem is formulated as a set of algebraic equations and solved within a constrained
linear least squares framework. The results indicate that the algorithm provides tomographic information on
heterogeneities locations and distributions.

185. Cho et al. (2014). Development of a spectrally resolved fluorescence tomography system using a
NIR swept laser and a digital micromirror array based detection system
Abstract: We developed a spectrally-resolved fluorescence tomography (FT) system using a new source and
detection unit. On the source side, we utilized a near-infrared (NIR) swept laser-based technology and on the
detection side, we developed a digital micromirror device (DMD) based spectrally-resolved detection unit. We
demonstrated the development of a NIR swept laser centered at 800 nm for FT, which covers the maximum
absorption wavelength of a NIR fluorescence dye, indo-cyanine green (ICG) in plasma. Two different ICG
samples whose absorption characteristics were slightly different were used to demonstrate the performance of
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the NIR swept laser-based FT system, and this FT system was able to show the difference of absorption between
the ICG samples. In addition, we also developed a prototype spectrally-resolved detection unit based on the
DMD. This detection system provided a spectral resolution of 15 nm and the possibility of simultaneous
detection of multiple fluorescence spectra.

186. Hudson et al. (2014). Stochastic multi-channel lock-in detection
Abstract: High-precision measurements benefit from lock-in detection of small signals. Here we discuss the
extension of lock-in detection to many channels, using mutually orthogonal modulation waveforms, and show
how the choice of waveforms affects the information content of the signal. We also consider how well the
detection scheme rejects noise, both random and correlated. We address the particular difficulty of rejecting a
background drift that makes a reproducible offset in the output signal and we show how a systematic error can
be avoided by changing the waveforms between runs and averaging over many runs. These advances made
possible a recent measurement of the electron's electric dipole moment (Hudson et al 2011 Nature 473 493).

187. Dehaes et al. (2014). Cerebral oxygen metabolism in neonatal hypoxic ischemic encephalopathy
during and after therapeutic hypothermia
Abstract: Pathophysiologic mechanisms involved in neonatal hypoxic ischemic encephalopathy (HIE) are
associated with complex changes of blood flow and metabolism. Therapeutic hypothermia (TH) is effective in
reducing the extent of brain injury, but it remains uncertain how TH affects cerebral blood flow (CBF) and
metabolism. Ten neonates undergoing TH for HIE and seventeen healthy controls were recruited from the NICU
and the well baby nursery, respectively. A combination of frequency domain near infrared spectroscopy
(FDNIRS) and diffuse correlation spectroscopy (DCS) systems was used to non-invasively measure cerebral
hemodynamic and metabolic variables at the bedside. Results showed that cerebral oxygen metabolism
(CMRO2i) and CBF indices (CBFi) in neonates with HIE during TH were significantly lower than post-TH and
age-matched control values. Also, cerebral blood volume (CBV) and hemoglobin oxygen saturation (SO2) were
significantly higher in neonates with HIE during TH compared with age-matched control neonates. Post-TH
CBV was significantly decreased compared with values during TH whereas SO2 remained unchanged after the
therapy. Thus, FDNIRS–DCS can provide information complimentary to SO2 and can assess individual cerebral
metabolic responses to TH. Combined FDNIRS–DCS parameters improve the understanding of the underlying
physiology and have the potential to serve as bedside biomarkers of treatment response and optimization.

188. Dahne et al. (2014). Multimodal integration of electrophysiological and hemodynamic signals
Abstract: The urge to further our understanding of multimodal neural data has recently become an important
topic due to the ever increasing availability of simultaneously recorded data from different neural imaging
modalities. In case where the electroencephalogram (EEG) is one of the measurement modalities, it is of interest
to relate a nonlinear function of the raw EEG time-domain signal, namely the dynamics of EEG bandpower, to
another modality such as the hemodynamic response, as measured with near-infrared spectroscopy (NIRS) or
functional magnetic resonance imaging (fMRI). In this work we tackle exactly this problem by defining a novel
algorithm that we denote multimodal source power correlation analysis (mSPoC). The validity of the mSPoC
approach is demonstrated for real-world multimodal data, obtained from a Brain-Computer Interface
experiment, where mSPoC's ability to recover common sources from multimodal measurements is contrasted
against an existing state-of-art approach represented by canonical correlation analysis (CCA).
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Publications from the BORL, Zurich

189. Karen et al. (2014). Changes in cerebral oxygenation during early postnatal adaptation in
newborns delivered by vacuum extraction measured by near-infrared spectroscopy
Abstract: BACKGROUND: Newborns delivered by vacuum extraction quite often show clinical signs of a
hemodynamic compromise, which is difficult to assess in terms of severity. The conventional means to measure
the hemodynamic status are not sensitive enough to appreciate the severity of general, and more specifically of
cerebral circulatory imbalance. The aim was to study cerebral tissue oxygenation during postnatal adaptation in
these infants using near-infrared spectroscopy. METHODS: The tissue hemoglobin index (THI), tissue
oxygenation index (TOI), arterial oxygen saturation (pre-ductal SaO₂) and heart rate (HR) were recorded
immediately after birth, and again after 12-24 hours of life in 15 newborns delivered by vacuum extraction due
to fetal distress. A comparison with 19 healthy newborns delivered by elective cesarean section was performed.
RESULTS: Newborns delivered by vacuum extraction had significantly higher THI 10 to 15 minutes after birth.
TOI and HR were significantly higher in the first 5 min and SaO₂ in the first 10 minutes but then did not differ
from those after cesarean section. CONCLUSION: Infants delivered by vacuum extraction following fetal
distress show transient deviations in cerebral oxygenation and perfusion after birth which were not detectable
after 24 hours.

190. Scholkmann et al. (2014). Cerebral hemodynamic and oxygenation changes induced by inner and
heard speech: a study combining functional near-infrared spectroscopy and capnography
Abstract: The aim of this study was to investigate the effects of inner and heard speech on cerebral
hemodynamics and oxygenation in the anterior prefrontal cortex (PFC) using functional near-infrared
spectroscopy and to test whether potential effects were caused by alterations in the arterial carbon dioxide
pressure (PaCO2). Twenty-nine healthy adult volunteers performed six different tasks of inner and heard speech
according to a randomized crossover design. During the tasks, we generally found a decrease in PaCO2 (only for
inner speech), tissue oxygen saturation (StO2), oxyhemoglobin ([O2Hb]), total hemoglobin ([tHb]) concentration
and an increase in deoxyhemoglobin concentration ([HHb]). Furthermore, we found significant relations between
changes in [O2Hb], [HHb], [tHb], or StO2 and the participants’ age, the baseline PETCO2, or certain speech
tasks. We conclude that changes in breathing during the tasks led to lower PaCO2 (hypocapnia) for inner speech.
During heard speech, no significant changes in PaCO2 occurred, but the decreases in StO2, [O2Hb], and [tHb]
suggest that changes in PaCO2 were also involved here. Different verse types (hexameter and alliteration) led to
different changes in [tHb], implying different brain activations. In conclusion, StO2, [O2Hb], [HHb], and [tHb]
are affected by interplay of both PaCO2 reactivity and functional brain activity.

191. Demel et al. (2014). Correlation between skin, bone, and cerebrospinal fluid layer thickness and
optical coefficients measured by multidistance frequency-domain near-infrared spectroscopy
in term and preterm infants
Abstract: Near-infrared spectroscopy (NIRS) is increasingly used in neonatal intensive care. We investigated
the impact of skin, bone, and cerebrospinal fluid (CSF) layer thickness in term and preterm infants on
absorption-(μa) and/or reduced scattering coefficients (μ′s) measured by multidistance frequency-domain (FD)NIRS. Transcranial ultrasound was performed to measure the layer thicknesses. Correlations were only
statistically significant for μa at 692 nm with bone thickness and μ′s at 834 nm with skin thickness. There is no
evidence that skin, bone, or CSF thickness have an important effect on μa and μ′s. Layer thicknesses of skin,
bone, and CSF in the range studied do not seem to affect cerebral oxygenation measurements by multidistance
FD-NIRS significantly.
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192. Scholkmann et al. (2014). Measuring tissue hemodynamics and oxygenation by continuous-wave
functional near-infrared spectroscopy—how robust are the different calculation methods
against movement artifacts?
Abstract: Continuous-wave near-infrared spectroscopy and imaging enable tissue hemodynamics and
oxygenation to be determined non-invasively. Movements of the investigated subject can cause movement
artifacts (MAs) in the recorded signals. The strength and type of MAs induced depend on the measurement
principle. The aim of the present study was to investigate the quantitative relationship between different singledistance (SD) and multi-distance (MD) measurement methods and their susceptibility to MAs. We found that
each method induces MAs to a different degree, and that MD methods are more robust against MAs than SD
methods.

193. Vögeli et al. (2014). Valence of physical stimuli, not housing conditions, affects behaviour and
frontal cortical brain activity in sheep
Abstract: Modulation of short-term emotions by long-term mood is little understood but relevant to understand
the affective system and of importance in respect to animal welfare: a negative mood might taint experiences,
whilst a positive mood might alleviate single negative events. To induce different mood states in sheep housing
conditions were varied. Fourteen ewes were group-housed in an unpredictable, stimulus-poor and 15 ewes in a
predictable, stimulus-rich environment. Sheep were tested individually for mood in a behavioural cognitive bias
paradigm. Also, their reactions to three physical stimuli thought to differ in their perceived valence were
observed (negative: pricking, intermediate: slight pressure, positive: kneading). General behaviour, activity, ear
movements and positions, and haemodynamic changes in the cortical brain were recorded during stimulations.
Generalised mixed-effects models and model probabilities based on the BIC (Bayesian information criterion)
were used. Only weak evidence for mood difference was found. Sheep from the unpredictable, stimulus-poor
housing condition had a somewhat more negative cognitive bias, showed slightly more aversive behaviour, were
slightly more active and moved their ears somewhat more. Sheep most clearly differentiated the negative from
the intermediate and positive stimulus in that they exhibited more aversive behaviour, less nibbling, were more
active, showed more ear movements, more forward ear postures, fewer backward ear postures, and a stronger
decrease in deoxyhaemoglobin when subjected to the negative stimulus. In conclusion, sheep reacted towards
stimuli according to their presumed valence but their mood was not strongly influenced by housing conditions.
Therefore, behavioural reactions and cortical brain activity towards the stimuli were hardly modulated by
housing conditions.

194. Holper et al. (2014). Physiological effects of mechanical pain stimulation at the lower back
measured by functional near-infrared spectroscopy and capnography
Abstract: The aim was to investigate the effect of mechanical pain stimulation at the lower back on
hemodynamic and oxygenation changes in the prefrontal cortex (PFC) assessed by functional near-infrared
spectroscopy (fNIRS) and on the partial pressure of end-tidal carbon dioxide (PetCO2) measured by
capnography. 13 healthy subjects underwent three measurements (M) during pain stimulation using pressure
pain threshold (PPT) at three locations, i.e., the processus spinosus at the level of L4 (M1) and the lumbar
paravertebral muscles at the level of L1 on the left (M2) and the right (M3) side. Results showed that only in the
M2 condition the pain stimulation elicited characteristic patterns consisting of (1) a fNIRS-derived decrease in
oxy- and total hemoglobin concentration and tissue oxygen saturation, an increase in deoxy-hemoglobin
concentration, (2) a decrease in the PetCO2 response and (3) a decrease in coherence between fNIRS parameters
and PetCO2 responses in the respiratory frequency band (0.2–0.5 Hz). We discuss the comparison between M2
vs. M1 and M3, suggesting that the non-significant findings in the two latter measurements were most likely
subject to effects of the different stimulated tissues, the stimulated locations and the stimulation order. We
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highlight that PetCO2 is a crucial parameter for proper interpretation of fNIRS data in experimental protocols
involving pain stimulation. Together, our data suggest that the combined fNIRS-capnography approach has
potential for further development as pain monitoring method, such as for evaluating clinical pain treatment.

195. Mata Pavia et al. (2014). Measurement and modeling of microlenses fabricated on single-photon
avalanche diode arrays for fill factor recovery
Abstract: Single-photon avalanche diode (SPAD) imagers typically have a relatively low fill factor, i.e. a low
proportion of the pixel’s surface is light sensitive, due to in-pixel circuitry. We present a microlens array
fabricated on a 128×128 single-photon avalanche diode (SPAD) imager to enhance its sensitivity. The benefits
and limitations of these light concentrators are studied for low light imaging applications. We present a new
simulation software that can be used to simulate microlenses’ performance under different conditions and a new
non-destructive contact-less method to estimate the height of the microlenses. Results of experiments and
simulations are in good agreement, indicating that a gain >10 can be achieved for this particular sensor.
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