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1.

Hyodo et al. (2016). The association between aerobic fitness and cognitive function in older men
mediated by frontal lateralization

Abstract: Previous studies have shown that higher aerobic fitness is related to higher cognitive function and
higher task-related prefrontal activation in older adults. However, a holistic picture of these factors has yet to be
presented. As a typical age-related change of brain activation, less lateralized activity in the prefrontal cortex
during cognitive tasks has been observed in various neuroimaging studies. Thus, this study aimed to reveal the
relationship between aerobic fitness, cognitive function, and frontal lateralization. Sixty male older adults each
performed a submaximal incremental exercise test to determine their oxygen intake (View the MathML
sourceV·O2) at ventilatory threshold (VT) in order to index their aerobic fitness. They performed a color–word
Stroop task while prefrontal activation was monitored using functional near infrared spectroscopy. As an index
of cognitive function, Stroop interference time was analyzed. Partial correlation analyses revealed significant
correlations among higher VT, shorter Stroop interference time and greater left-lateralized dorsolateral
prefrontal cortex (DLPFC) activation when adjusting for education. Moreover, mediation analyses showed that
left-lateralized DLPFC activation significantly mediated the association between VT and Stroop interference
time. These results suggest that higher aerobic fitness is associated with cognitive function via lateralized
frontal activation in older adults.

2.

Wang et al. (2016). Brain tissue oxygen evaluation by wireless near-infrared spectroscopy

Abstract: Background: Monitoring the partial pressure of oxygen in brain tissue (PbtO2) is an important tool for
traumatic brain injury (TBI) but is invasive and inconvenient for real time monitoring. Near-infrared
spectroscopy (NIRS), which can monitor hemoglobin parameters in the brain tissue, has been used widely as a
noninvasive tool for assessing cerebral ischemia and hypoxia. Therefore, it may have the potential as a
noninvasive tool for estimating the change of PbtO2. In this study, a novel wireless NIRS system was designed
to monitor hemoglobin parameters of rat brains under different impact strengths and was used to estimate the
change of PbtO2 noninvasively in TBI.
Materials and methods: The proposed wireless NIRS system and a PbtO2 monitoring system were used to
monitor the oxygenation of rat brains under different impact strengths. Rats were randomly assigned to four
different impact strength groups (sham, 1.6 atm, 2.0 atm, and 2.4 atm; n = 6 per group), and the relationships of
concentration changes in oxyhemoglobin (HbO2), deoxyhemoglobin (HbR), and total hemoglobin (HbT), and
PbtO2 during and after TBI with different impact strengths were investigated. Triphenyltetrazolium chloride
(TTC) staining was also used to evaluate infarction volume.
Results: Concentration changes in HbO2, HbR, and HbT dropped immediately after the impact, increased
gradually, and then became stable. Changes in PbtO2 had a similar tendency with the hemoglobin parameters.
There was significant correlation between changes in PbtO2 and HbO2 (correlation = 0.76) but not with changes
in HbR (correlation = 0.06). In triphenyltetrazolium chloride staining, the infarction volume was highly but
negatively associated with oxygen-related parameters like PbtO2 and HbO2.
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Conclusions: Changes in HbO2 under TBI was highly and positively correlated with changes in PbtO2. By using
the relative changes in HbO2 as a reference parameter, the proposed wireless NIRS system may be developed as
a noninvasive tool for estimating the change of PbtO2 in brain tissue after TBI.

3.

Tan et al. (2016). Age-related alterations in phase synchronization of oxyhemoglobin
concentration changes in prefrontal tissues as measured by near-infrared spectroscopy signals

Abstract: The prefrontal cortex plays an important role in planning complex cognitive behavior, personality
expression, and decision making. This study aims to assess the phase synchronization of signals of the
oxyhemoglobin concentration changes (Δ[HbO2]) in the left and right prefrontal tissues through near-infrared
spectroscopy (NIRS) with wavelet phase coherence (WPCO) method. The NIRS signals were continuously
recorded from the left and right prefrontal lobes in 43 healthy elderly subjects (age: 69.6 ± 8.4 years) and 40
young healthy subjects (age: 24.5 ± 1.7 years) during the resting state. Phase synchronization between the left
and right prefrontal oscillations in six frequency intervals (I, 0.6–2 Hz; II, 0.145–0.6 Hz; III, 0.052–0.145 Hz; IV,
0.021–0.052 Hz; V, 0.0095–0.021 Hz; and VI, 0.005–0.0095 Hz) was analyzed using the WPCO method. The
WPCO values of elderly subjects were significantly lower in frequency intervals I (F = 7.376, p = 0.010) and III (F
= 6.418, p = 0.016) than those of the young subjects. Low phase coherence in intervals I and III indicates reduced
synchronization of cardiac activity in the prefrontal area and weakened prefrontal functional connectivity,
respectively.

4.

Wong et al. (2016). Cerebral Blood Flow Measurements in the Neonatal Brain

Abstract: Cerebrovascular lesions and hypoxic-ischaemic brain injury are important causes of acquired neonatal
brain injury in term and preterm newborn infants, which lead to significant morbidity and long-term mortality.
Improved understanding of the cerebral hemodynamics and metabolism in the immature brain, and blood flow
responses to physiological and external stimuli would aid understanding of the pathogenesis of neonatal brain
injury. There has been increasing research interest and clinical demand to study the neonatal brain, with the
exploration of the bedside and real-time measurement of cerebral hemodynamics in guiding therapy and
predicting outcome. The major techniques which allow the assessment of cerebral blood flow (CBF) with relative
ease at the bedside in the neonatal intensive care unit include near-infrared spectroscopy (NIRS), and
transcranial Doppler ultrasonography. Diffuse optical correlation spectroscopy (DCS) is a new technique for
which portable devices are currently being developed to continuously monitor relative changes in microvascular
CBF at the bedside. DCS can potentially be combined with NIRS to provide continuous simultaneous
measurement of changes in CBF and oxygenation, and enables the quantification of cerebral metabolic rate of
oxygen. Functional studies have also been utilized with NIRS and magnetic resonance imaging to elucidate the
connections between localized cortical activity and cerebral hemodynamic responses during early human
development. To utilize and translate cerebral hemodynamic measurements in clinical management, future
research should aim to establish clinically relevant parameters and references range for cerebral perfusion and
oxygenation for the neonatal population.

5.

Mahoney et al. (2016). The role of prefrontal cortex during postural control in Parkinsonian
syndromes a functional near-infrared spectroscopy study

Abstract: Postural instability represents a main source of disability in Parkinsonian syndromes and its
pathophysiology is poorly understood. Indirect probes (i.e., mental imagery) of brain involvement support the
role of prefrontal cortex as a key cortical region for postural control in older adults with and without
Parkinsonian syndromes. Using functional near infrared spectroscopy (fNIRs) as a direct online cortical probe,
this study aimed to compare neural activation patterns in prefrontal cortex, postural stability, and their
respective interactions, in (1) patients with Parkinsonian syndromes; (2) those with mild parkinsonian signs; (3)
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and healthy older adults. Among 269 non-demented older adults (76.41±6.70 years, 56% women), 26 individuals
presented with Parkinsonian syndromes (Unified Parkinson’s disease rating scale (UPDRS): 11.08±3.60), 117
had mild parkinsonian signs (UPDRS: 3.21±2.49), and 126 individuals were included as a healthy control group.
Participants were asked to stand upright and count silently for ten seconds while changes in oxygenated
hemoglobin levels over prefrontal cortex were measured using fNIRs. We simultaneously evaluated postural
stability with center of pressure velocity data recorded on an instrumented walkway. Compared to healthy
controls and patients with mild parkinsonian signs, patients with Parkinsonian syndromes demonstrated
significantly higher prefrontal oxygenation levels to maintain postural stability. The pattern of brain activation
and postural control of participants with mild parkinsonian signs were similar to that of normal controls. These
findings highlight the online role of the prefrontal cortex in postural control in patients with Parkinsonian
syndromes and afford the opportunity to improve therapeutic options for postural instability.

6.

Crespi et al. (2016). In vivo real time non invasive monitoring of brain penetration of chemicals
with near-infrared spectroscopy: Concomitant PK/PD analysis

Abstract: Background: Near-infrared spectroscopy (NIRS) is a non-invasive technique that monitors changes in
oxygenation of haemoglobin. The absorption spectra of near-infrared light differ for the oxygenation–
deoxygenation states of haemoglobin (oxygenate (HbO2) and deoxygenate (Hb), respectively) so that these two
states can be directly monitored.
Comparison with existing method(s): Different methodologies report different basal values of HbO2 and Hb
absolute concentrations in brain. Here, we attempt to calculate basal HbO2 levels in rat CNS via evaluation of
the influence of exogenous oxygen or exogenous carbon dioxide on the NIRS parameters measured in vivo.
New method: Furthermore the possibility that changes of haemoglobin oxygenation in rat brain as measured by
NIRS might be a useful index of brain penetration of chemical entities has been investigated. Different
compounds from different chemical classes were selected on the basis of parallel ex vivo and in vivo
pharmacokinetic (PK/PD) studies of brain penetration and overall pharmacokinetic profile.
Results: It appeared that NIRS might contribute to assess brain penetration of chemical entities, i.e. significant
changes in NIRS signals could be related to brain exposure, conversely the lack of significant changes in relevant
NIRS parameters could be indicative of low brain exposure.
Conclusions: This work is proposing a further innovation on NIRS preclinical applications i.e. a “chemical” NIRS
[chNIRS] approach for determining penetration of drugs in animal brain. Therefore, chNIRS could became a non
invasive methodology for studies on neurobiological processes and psychiatric diseases in preclinical but also a
translational strategy from preclinical to clinical investigations.

7.

Watanuki et al. (2016). Precentral and inferior prefrontal hypoactivation during facial emotion
recognition in patients with schizophrenia: A functional near-infrared spectroscopy study

Abstract: Although patients with schizophrenia demonstrate abnormal processing of emotional face recognition,
the neural substrates underlying this process remain unclear. We previously showed abnormal fronto-temporal
function during facial expression of emotions, and cognitive inhibition in patients with schizophrenia using
functional near-infrared spectroscopy (fNIRS). The aim of the current study was to use fNIRS to identify which
brain regions involved in recognizing emotional faces are impaired in patients with schizophrenia, and to
determine the neural substrates underlying the response to emotional facial expressions per se, and to facial
expressions with cognitive inhibition. We recruited 19 patients with schizophrenia and 19 healthy controls,
statistically matched on age, sex, and premorbid IQ. Brain function was measured by fNIRS during emotional
face assessment and face identification tasks. Patients with schizophrenia showed lower activation of the right
precentral and inferior frontal areas during the emotional face task compared to controls. Further, patients with
schizophrenia were slower and less accurate in completing tasks compared to healthy participants. Decreasing
performance was associated with increasing severity of the disease. Our present and prior studies suggest that
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the impaired behavioral performance in schizophrenia is associated with different mechanisms for processing
emotional facial expressions versus facial expressions combined with cognitive inhibition.

8.

Boezeman et al. (2016). Systematic review of clinical applications of monitoring muscle tissue
oxygenation with near-infrared spectroscopy in vascular disease

Abstract: Background: The use of wavelengths of the near-infrared region by near-infrared spectroscopy (NIRS)
has been studied for several applications in vascular disease. This systematic review aims to explore the clinical
relevance of monitoring muscle tissue oxygenation in vascular disease with NIRS.
Methods: A systematic search in PubMed, EMBASE, CINAHL and Cochrane databases was performed to
identify clinical NIRS studies, published until April 2015, involving muscle tissue oxygenation in vascular
disease.
Results: After screening 183 manuscripts, 38 studies (n = 2010) were included. Studies concerned peripheral
arterial disease (PAD) (twelve studies, n = 848), compartment syndrome of lower extremities (seven studies, n =
205), deep vein thrombosis (DVT) (six studies, n = 429), buttock and lower extremity ischaemia in abdominal
aortic aneurysm repair (six studies, n = 139), free flap failure (five studies, n = 354), and spinal cord ischaemia in
thoracoabdominal aortic aneurysm repair (two studies, n = 35). Nine studies compared NIRS with gold
standards and provided cut-off values. Four studies regarding chronic compartment syndrome and DVT
determined higher sensitivity (78%–97%) than specificity (56%–76%). Two studies regarding PAD and buttock
claudication determined higher specificity (87%–95%) than sensitivity (33%–88%). Three studies regarding free
flap failure determined sensitivity and specificity of 100%.
Conclusion: We found sufficient evidence to use NIRS in clinical setting for assessment of chronic compartment
syndrome of lower extremities, and as surveillance tool for detection of free flap failure. So far, clinical relevance
of routine use of NIRS in other vascular applications is less clear. Cut-off values to discriminate are not yet
unanimous and better validation has to be awaited for.

9.

Noor et al. (2016). Spatiotemporal dynamics of cortical perfusion in response to thalamic deep
brain stimulation

Abstract: Deep brain stimulation (DBS) has revolutionized the treatment of movement disorders. The
parameters of electrical stimulation are important to its therapeutic effect and remain a source of clinical
controversy. DBS exerts its actions not only locally at the site of stimulation but also remotely through afferent
and efferent connections, which are vital to its clinical effects. Yet, only a few studies have examined how cortical
activity changes in response to various electrical parameters. Here, we investigated how the parameters of
thalamic DBS alter cortical perfusion in rats using intrinsic optical imaging. We hypothesized that thalamic
DBS will increase perfusion in primary motor cortex (M1), proportional to amplitude, pulse width, or frequency
of the stimulation applied. We applied 45 different combinations of amplitude, pulse width and frequency in the
ventro-lateral (VL) nucleus of the thalamus in anesthetized rats while measuring perfusion in M1. VL thalamic
DBS reduced cortical reflectance, which corresponds to an increase in cortical perfusion. We computed the
maximum change in reflectance (MCR) as well as the spatial spread of MCR in each trial. Both MCR and spatial
spread increased linearly with increases in current amplitude or pulse width of stimulation; however, the effect
of frequency was non-linear. Stimulation at 20 Hz was significantly different from that at higher frequencies
while stimulation at higher frequencies did not differ significantly from each other. Moreover, the effect of pulse
width on MCR was larger than the effect of amplitude. The proportional increase in M1 perfusion due to increase
in amplitude or pulse width suggests that both activate more neural elements and increase the volume of tissue
activated. These results should help clinicians set parameters of DBS. The use of optical imaging to monitor
effects of DBS on M1 may not only help understand DBS mechanisms, but may also provide feedback for closed
loop DBS devices.

4

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 4, Issue 1 (January–March 2016)

10.

Sassaroli et al. (2016). Nonlinear extension of a hemodynamic linear model for coherent
hemodynamics spectroscopy

Abstract: In this work, we are proposing an extension of a recent hemodynamic model (Fantini, 2014a), which
was developed within the framework of a novel approach to the study of tissue hemodynamics, named coherent
hemodynamics spectroscopy (CHS). The previous hemodynamic model, from a signal processing viewpoint, treats
the tissue microvasculature as a linear time-invariant system, and considers changes of blood volume, capillary
blood flow velocity and the rate of oxygen diffusion as inputs, and the changes of oxy-, deoxy-, and total
hemoglobin concentrations (measured in near infrared spectroscopy) as outputs. The model has been used also as
a forward solver in an inversion procedure to retrieve quantitative parameters that assess physiological and
biological processes such as microcirculation, cerebral autoregulation, tissue metabolic rate of oxygen, and
oxygen extraction fraction. Within the assumption of “small” capillary blood flow velocity oscillations the model
showed that the capillary and venous compartments “respond” to this input as low pass filters, characterized by
two distinct impulse response functions. In this work, we do not make the assumption of “small” perturbations of
capillary blood flow velocity by solving without approximations the partial differential equation that governs the
spatio-temporal behavior of hemoglobin saturation in capillary and venous blood. Preliminary comparison
between the linear time-invariant model and the extended model (here identified as nonlinear model) are shown
for the relevant parameters measured in CHS as a function of the oscillation frequency (CHS spectra). We have
found that for capillary blood flow velocity oscillations with amplitudes up to 10% of the baseline value (which
reflect typical scenarios in CHS), the discrepancies between CHS spectra obtained with the linear and nonlinear
models are negligible. For larger oscillations (~50%) the linear and nonlinear models yield CHS spectra with
differences within typical experimental errors, but further investigation is needed to assess the effect of these
differences. Flow oscillations larger than 10–20% are not typically induced in CHS; therefore, the results
presented in this work indicate that a linear hemodynamic model, combined with a method to elicit controlled
hemodynamic oscillations (as done for CHS), is appropriate for the quantitative assessment of cerebral
microcirculation.

11.

Singh et al. (2016). Effect of uninostril yoga breathing on brain hemodynamics: A functional
near-infrared spectroscopy study

Abstract: Objectives: To measure the effect of the right and left nostril yoga breathing on frontal hemodynamic
responses in 32 right handed healthy male subjects within the age range of 18–35 years (23.75 ± 4.14 years).
Materials and Methods: Each subject practiced right nostril yoga breathing (RNYB), left nostril yoga breathing
(LNYB) or breath awareness (BA) (as control) for 10 min at the same time of the day for three consecutive days,
respectively. The sequence of intervention was assigned randomly. The frontal hemodynamic response in terms
of changes in the oxygenated hemoglobin (oxyHb), deoxygenated hemoglobin (deoxyHb), and total hemoglobin
(totalHb or blood volume) concentration was tapped for 5 min before (pre) and 10 min during the breathing
practices using a 16 channel functional near-infrared system (FNIR100-ACK-W, BIOPAC Systems, Inc., U.S.A.).
Average of the eight channels on each side (right and left frontals) was obtained for the two sessions (pre and
during). Data was analyzed using SPSS version 10.0 through paired and independent samples t-test.
Results: Within group comparison showed that during RNYB, oxyHb levels increased significantly in the left
prefrontal cortex (PFC) as compared to the baseline (P = 0.026). LNYB showed a trend towards significance for
reduction in oxyHb in the right hemisphere (P = 0.057). Whereas BA caused significant reduction in deoxyHb (P
= 0.023) in the left hemisphere.Between groups comparison revealed that oxyHb and blood volume in the left
PFC increased significantly during RNYB as compared to BA (oxyHb: P =0.012; TotalHb: P =0.017) and LNYB
(oxyHb: P =0.024; totalHb: P =0.034).
Conclusion: RNYB increased oxygenation and blood volume in the left PFC as compared to BA and LNYB. This
supports the relationship between nasal cycle and ultradian rhythm of cerebral dominance and suggests a
possible application of uninostril yoga breathing in the management of psychopathological states which show
lateralized cerebral dysfunctions.
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12.

Govindan et al. (2016). A novel technique for quantitative bedside monitoring of neurovascular
coupling

Abstract: Background: There is no current method for continuous quantification of neurovascular coupling
(NVC) in spontaneous brain activity. To fill this void, we propose a novel method to quantify NVC using
electroencephalogram (EEG) and near-infrared spectroscopy (NIRS) data.
New method: Since EEG and NIRS measure physiologic changes occurring at different time scales, we bring
them into a common dynamical time frame (DTF). To achieve this, we partition both signals into one-second
epochs and calculate the standard deviation of the EEG and the average value of the NIRS for each epoch. We
then quantify the NVC by calculating spectral coherence between the two signals in the DTF. The resulting NVC
will have a low resolution with all of its content localized below 1 Hz.
Results: After validating this framework on simulated data, we applied this approach to EEG and NIRS signals
collected from four term infants undergoing therapeutic hypothermia for neonatal encephalopathy. Two of these
infants showed no evidence of structural brain injury, and the other two died during the course of the therapy.
The intact survivors showed emergence of NVC during hypothermia and/or after rewarming. In contrast, the two
critically ill infants, who subsequently died, lacked this feature.
Comparison with existing methods: Existing methods quantify NVC by averaging neurovascular signals based
on certain events (for example seizure) in the EEG activity, whereas our approach quantifies coupling between
spontaneous background EEG and NIRS.
Conclusion: Real-time continuous monitoring of NVC may be a promising physiologic signal for cerebral
monitoring in future.

13.

Rosenbaum et al. (2016). State-dependent altered connectivity in late-life depression: a functional
near-infrared spectroscopy study

Abstract: There is a large body of evidence showing a substantial relationship between depression and deficits
in cognitive functioning. Especially in late-life depression, cognitive impairments are associated with worse
treatment progress and are considered a risk factor for neurodegenerative disorders. However, little is known
about the differences in neural processing and coupling during rest and cognitive functions in patients with latelife depression compared to healthy elderly individuals. The study at hand aims to investigate the cognitive
control network in late-life depression during a cognitive task and at rest by means of functional near-infrared
spectroscopy. Hemodynamic responses were measured at rest and during the Trail Making Test using functional
near-infrared spectroscopy in a matched sample of 49 depressed and 51 nondepressed elderly subjects (age
range: 51–83 years; 64.1 ± 6.58 [mean ± standard deviation]). Functional connectivity (FC) and network metrics
were derived from the data and analyzed with respect to differences between the subject groups. Depressed and
nondepressed subjects showed significant differences in FC both at rest and during task performance. Depressed
subjects showed reduced FC in a left frontopolar cortical network during task performance and increased FC in a
left frontoparietal cortical network at rest. Depressed elderly subjects showed altered FC and network
organization during different mental states. Higher FC at rest may be an indicator of self-referential processes
such as rumination that may reduce FC during task performance due to an overtaxed executive control system.

14.

Pinti et al. (2016). Using Fiberless, Wearable fNIRS to Monitor Brain Activity in Real-world
Cognitive Tasks

Abstract: Monitoring brain activity outside the lab without physical constraints presents methodological
challenges. A fiberless, wearable functional Near Infrared Spectroscopy (fNIRS) system was used to measure
brain activity during an ecological prospective memory task. It was demonstrated that this system could be used
to monitor brain activity during non-lab based experiments.
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15.

Peng et al. (2016). Using patient-specific hemodynamic response function in epileptic spike
analysis of human epilepsy: a study based on EEG–fNIRS

Abstract: Functional near-infrared spectroscopy (fNIRS) can be combined with electroencephalography (EEG) to
continuously monitor the hemodynamic signal evoked by epileptic events such as seizures or interictal
epileptiform discharges (IEDs, aka spikes). As estimation methods assuming a canonical shape of the
hemodynamic response function (HRF) might not be optimal, we sought to model patient-specific HRF (sHRF)
with a simple deconvolution approach for IED-related analysis with EEG–fNIRS data. Furthermore, a quadratic
term was added to the model to account for the nonlinearity in the response when IEDs are frequent. Prior to
analyzing clinical data, simulations were carried out to show that the HRF was estimable by the proposed
deconvolution methods under proper conditions. EEG–fNIRS data of five patients with refractory focal epilepsy
were selected due to the presence of frequent clear IEDs and their unambiguous focus localization. For each
patient, both the linear sHRF and the nonlinear sHRF were estimated at each channel. Variability of the
estimated sHRFs was seen across brain regions and different patients. Compared with the SPM8 canonical HRF
(cHRF), including these sHRFs in the general linear model (GLM) analysis led to hemoglobin activations with
higher statistical scores as well as larger spatial extents on all five patients. In particular, for patients with
frequent IEDs, nonlinear sHRFs were seen to provide higher sensitivity in activation detection than linear
sHRFs. These observations support using sHRFs in the analysis of IEDs with EEG–fNIRS data.

16.

Banerjee et al. (2016). Cerebral blood flow and oximetry response to blood transfusion in relation
to chronological age in preterm infants

Abstract: Objective: Preterm infants frequently receive blood transfusion (BT) and the aim of this study was to
measure the effect of BT on cerebral blood flow and oxygenation in preterm infants in relation to chronological
age.
Patients: Preterm infants undergoing intensive care recruited to three chronological age groups: 1 to 7 (Group 1;
n = 20), 8 to 28 (Group 2; n = 21) & ≥29 days of life (Group 3; n = 18).
Methods: Pre and post-BT anterior cerebral artery (ACA) time averaged mean velocity (TAMV) and superior
vena cava (SVC) flow were measured. Cerebral Tissue Haemoglobin Index (cTHI) and Oxygenation Index (cTOI)
were measured from 15–20 min before to 15–20 min post-BT using NIRS. Vital parameters and blood pressure
were measured continuously.
Results: Mean BP increased significantly, and there was no significant change in vital parameters following BT.
Pre-BT ACA TAMV was higher in Group 2 and 3 compared to Group 1 (p < 0.001). Pre-BT ACA TAMV decreased
significantly (p ≤ 0.04) in all 3 groups; pre-BT SVC flow decreased significantly in Group 1 (p = 0.03) and Group 3
(p < 0.001) following BT. Pre-BT cTOI was significantly lower in Group 3 compared to Group 1 (p = 0.02). cTHI (p
< 0.001) and cTOI (p < 0.05) increased significantly post-BT in all three groups. PDA had no effect on these
measurements.
Conclusion: Baseline cTOI decreases and ACA TAMV increases with increasing chronological age. Blood
transfusion increased cTOI and cTHI and decreased ACA TAMV in all groups. PDA had no impact on the
baseline cerebral oximetry and blood flow as well as changes following blood transfusion.

17.

Chalak et al. (2016). Cerebral Hemodynamics in Asphyxiated Newborns
Hypothermia Therapy: Pilot Findings Using a Multiple-Time-Scale Analysis

Undergoing

Abstract: Background: Improved quantitative assessment of cerebral hemodynamics in newborns might enable
us to optimize cerebral perfusion. Our objective was to develop an approach to assess cerebral hemodynamics
across multiple time scales during the first 72 hours of life in newborns during hypothermia therapy.
Methods: Spontaneous oscillations in mean arterial pressure (MAP) and regional cerebral tissue oxygen
saturation (SctO2) were analyzed using a moving window correlation (MWC) method with time scales ranging
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from 0.15 to 8 hours in this pilot methodology study. Abnormal neurodevelopmental outcome was defined by
Bayley III scores and/or cerebral palsy by 24 months of age using receiver operating curve (ROC).
Results: Multiple-time-scale correlations between MAP and SctO2 oscillations were tested in 10 asphyxiated
newborns undergoing hypothermia therapy. Large non induced fluctuations in the blood pressure were observed
during cooling in all five infants with abnormal outcomes. Notably, these infants had two distinct patterns of
correlation: a positive in-phase correlation at the short time scales (15 min), and/ or a negative anti-phase
correlations observed at long time scales (4 hrs.). Both the in-phase (AUC 0.6, [95% CI 0.2-0.95]) and anti-phase
correlations (AUC 0.75, [95% CI 0.4-0.95]) appeared to be related to an abnormal outcome.
Conclusions: Our observations suggest that the time scale is an important factor that needs to be standardized in
the assessment of neonatal cerebral hemodynamics.

18.

Einalou et al. (2016). Effective channels in classification and functional connectivity pattern of
prefrontal cortex by functional near infrared spectroscopy signals

Abstract: In this paper, we apply support vector machine (SVM) based classification of functional near-infrared
spectroscopy (fNIRS) which is non-invasive monitoring of human brain function by measuring the changes in the
concentration of oxyhemoglobin and deoxyhemoglobin. Data collected from 11 healthy volunteers and 16
schizophrenia subjects. Signals were first preprocessed and decomposed by using discrete wavelet transform
DWT to eliminate systemic physiological interference. A preliminary analysis based on Genetic Algorithm (GA)
favored eight channels of the reconstructed fNIRS signals for further analysis. Energy in these 8 reconstructed
signals was computed and used for classification of signals. SVM based classifier was employed to diagnosis
schizophrenia. The results show the promising classification accuracy of nearly 84% in detection of schizophrenia
from healthy subjects. The major finding of this study is that selected channels were able to identify differences
in functional connectivity patterns of prefrontal cortex (PFC) elicited by Stroop task.
19.

Olds et al. (2016). Cortical Activation Patterns Correlate with Speech Understanding After
Cochlear Implantation

Abstract: BJECTIVES: Cochlear implants are a standard therapy for deafness, yet the ability of implanted
patients to understand speech varies widely. To better understand this variability in outcomes, the authors used
functional near-infrared spectroscopy to image activity within regions of the auditory cortex and compare the
results to behavioral measures of speech perception.
DESIGN: The authors studied 32 deaf adults hearing through cochlear implants and 35 normal-hearing controls.
The authors used functional near-infrared spectroscopy to measure responses within the lateral temporal lobe
and the superior temporal gyrus to speech stimuli of varying intelligibility. The speech stimuli included normal
speech, channelized speech (vocoded into 20 frequency bands), and scrambled speech (the 20 frequency bands
were shuffled in random order). The authors also used environmental sounds as a control stimulus. Behavioral
measures consisted of the speech reception threshold, consonant-nucleus-consonant words, and AzBio sentence
tests measured in quiet.
RESULTS: Both control and implanted participants with good speech perception exhibited greater cortical
activations to natural speech than to unintelligible speech. In contrast, implanted participants with poor speech
perception had large, indistinguishable cortical activations to all stimuli. The ratio of cortical activation to
normal speech to that of scrambled speech directly correlated with the consonant-nucleus-consonant words and
AzBio sentences scores. This pattern of cortical activation was not correlated with auditory threshold, age, side
of implantation, or time after implantation. Turning off the implant reduced the cortical activations in all
implanted participants.
CONCLUSIONS: Together, these data indicate that the responses the authors measured within the lateral
temporal lobe and the superior temporal gyrus correlate with behavioral measures of speech perception,
demonstrating a neural basis for the variability in speech understanding outcomes after cochlear implantation.

8

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 4, Issue 1 (January–March 2016)

20.

Ruocco et al. (2016). Tryptophan hydroxylase 1 gene polymorphisms alter prefrontal cortex
activation during response inhibition

Abstract: Objective: The tryptophan hydroxylase 1 gene (TPH1) catalyzes the formation of 5hydroxytryptophan, a precursor to the neurotransmitter serotonin. Variations in the gene encoding this enzyme
may underlie difficulties in impulse control; however, the proximate relationship between risk alleles for
polymorphisms in the TPH1 gene and the neural correlates of response inhibition remain poorly understood. The
present study examined the relationship of 2 single nucleotide polymorphisms in the TPH1 gene (rs1799913 and
rs4537731) to prefrontal cortex (PFC) activation on a response inhibition task. Method: Evoked hemodynamic
oxygenation in the PFC was measured in 30 unrelated healthy adult women using 16-channel continuous-wave
functional near-infrared spectroscopy while they completed a manual go/no-go task. Results: TPH1 alleles
showed no association with demographic characteristics, general intelligence, impulsive personality traits, or
accuracy and response latency indices on the go/no-go task. Participants carrying the risk alleles, however,
showed less activity primarily in bilateral inferior frontal gyri and medial PFC under conditions of response
inhibition. Conclusions: Polymorphisms in the TPH1 gene may be represented by diminished activity in lateral
areas of the PFC underlying response inhibition. Reduced activity in medial PFC might represent altered selfmonitoring of performances on the response inhibition task.

21.

Kim et al. (2016). Modelling of the Effect of End-Tidal Carbon Dioxide on Cerebral Oxygen
Saturation in Beach Chair Position under General Anaesthesia

Abstract: Patients undergoing shoulder surgery in the beach chair position (BCP) under general anaesthesia
may be at risk of cerebral desaturation. Increasing end-tidal carbon dioxide (EtCO2) is the most convenient and
powerful method for the management of cerebral desaturation. The purpose of this study was to investigate the
quantitative relationship between EtCO2 and cerebral oxygen saturation (rSO2) and to identify the associated
influencing factors. Fifty-one patients undergoing arthroscopic shoulder surgery in the BCP under general
anaesthesia completed this study. Desflurane and remifentanil were used, and EtCO2 was steadily increased
and then decreased by adjusting the ventilator settings every 3 min. so that time lag of rSO2 response to EtCO2
changes could be delineated. Near-infrared spectroscopy was used to monitor rSO2 response. An indirect
response model was used to examine the relationship between EtCO2 and rSO2. To determine the relevant
covariates, a stepwise approach was used. There was a linear relationship between rSO2 and EtCO2 with a
slight delay in the peak of rSO2 relative to EtCO2. Increase in end-tidal desflurane concentration led to a slower
response of rSO2 to the changes of EtCO2 (p = 0.0002). The presence of diabetes mellitus reduced the reactivity
of rSO2 to EtCO2 changes (p < 0.0001). This model-based approach revealed that diabetes mellitus attenuates
the response of rSO2 to changes in EtCO2. The management of cerebral desaturation by hypercapnia in patients
with diabetes may be less effective than in non-diabetic patients under general anaesthesia with BCP.

22.

Iso et al. (2016). Monitoring Local Regional Hemodynamic Signal Changes during Motor
Execution and Motor Imagery Using Near-Infrared Spectroscopy

Abstract: The aim of this study was to clarify the topographical localization of motor-related regional
hemodynamic signal changes during motor execution (ME) and motor imagery (MI) by using near-infrared
spectroscopy (NIRS), as this technique is more clinically expedient than established methods (e.g., fMRI).
Twenty right-handed healthy subjects participated in this study. The experimental protocol was a blocked design
consisting of 3 cycles of 20 s of task performance and 30 s of rest. The tapping sequence task was performed with
their fingers under 4 conditions: ME and MI with the right or left hand. Hemodynamic brain activity was
measured with NIRS to monitor changes in oxygenated hemoglobin (oxy-Hb) concentration. Oxy-Hb in the
somatosensory motor cortex (SMC) increased significantly only during contralateral ME and showed a
significant interaction between task and hand. There was a main effect of hand in the left SMC. Although there
were no significant main effects or interactions in the supplemental motor area (SMA) and premotor area (PMA),
9
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oxy-Hb increased substantially under all conditions. These results clarified the topographical localization by
motor-related regional hemodynamic signal changes during ME and MI by using NIRS.

23.

Ehlis et al. (2016). Task-dependent and polarity-specific effects of prefrontal transcranial direct
current stimulation on cortical activation during word fluency

Abstract: Targeted modulation of cortical functions by non-invasive brain stimulation is widely used for the
investigation of the neurophysiological signatures of executive functions and put forward as a potential specific
treatment for its disorders. To further investigate the underlying mechanisms, we performed two experiments
involving 46 subjects that performed a semantic and a phonological verbal fluency task (VFT) as well as a simple
speech-production task after application of 1 mA anodal or cathodal transcranial direct current stimulation
(tDCS) to the left inferior frontal gyrus (IFG). Brain activation was measured by functional near-infrared
spectroscopy (fNIRS) during task performance. Neither preceding anodal nor cathodal tDCS was found to
modulate VFT performance of either difficulty. However, preconditioning with anodal tDCS increased brain
activity during the VFT whereas a trendwise decrease of activation was found after cathodal stimulation.
Notably, this difference was not found with simple speech production. These findings support the notion of a
polarity-specific malleability of neuronal network activity underlying speech production by tDCS. Most
importantly, the task-specificity of the modulatory effect observed after the end of stimulation demonstrates
lasting neurophysiological effects of tDCS that are reflected in modifications of cortical excitability by
challenging cognitive tasks.

24.

Huang et al. (2016). Comparison of cortical activation in an upper limb added-purpose task
versus a single-purpose task: a near-infrared spectroscopy study

Abstract: [Purpose] The purpose of this study was to compare prefrontal activations during an added-purpose
task with those during a single-purpose task using functional near-infrared spectroscopy. [Subjects] Six healthy
right-handed adults were included in this study. [Methods] The participants were instructed to complete both
added-purpose and single-purpose activities separately with each hand. The near-infrared spectroscopy probes
were placed on the scalp overlying the prefrontal cortex, according to the International 10–20 system (Fz).
Changes in the oxygenated hemoglobin and deoxygenated hemoglobin concentrations in the prefrontal cortex
were measured during performance of the activities. We then compared the number of activation channels with
significant increase in oxygenated hemoglobin, during added-purpose activity to single-purpose activity using
both hands separately. [Results] A greater number of widespread activations were observed in the prefrontal
cortex during the added-purpose task than during the single-purpose task. These results were noted with both
right and left hands. [Conclusion] According to our findings, added-purpose activity can bring about more
activation in the prefrontal cortex, which may provide occupational therapists with effective guides in
therapeutic practice.

25.

Reet al. (2016). Effect of a thin superficial layer on the estimate of hemodynamic changes in a
two-layer medium by time domain NIRS

Abstract: In order to study hemodynamic changes involved in muscular metabolism by means of time domain
fNIRS, we need to discriminate in the measured signal contributions coming from different depths. Muscles are,
in fact, typically located under other tissues, e.g. skin and fat. In this paper, we study the possibility to exploit a
previously proposed method for analyzing time-resolved fNIRS measurements in a two-layer structure with a
thin superficial layer. This method is based on the calculation of the time-dependent mean partial pathlengths.
We validated it by simulating venous and arterial arm cuff occlusions and then applied it on in vivo
measurements.
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26.

Durantin et al. (2016). Processing Functional Near Infrared Spectroscopy Signal with a Kalman
Filter to Assess Working Memory during Simulated Flight

Abstract: Working memory (WM) is a key executive function for operating aircraft, especially when pilots have
to recall series of air traffic control instructions. There is a need to implement tools to monitor WM as its
limitation may jeopardize flight safety. An innovative way to address this issue is to adopt a Neuroergonomics
approach that merges knowledge and methods from Human Factors, System Engineering, and Neuroscience. A
challenge of great importance for Neuroergonomics is to implement efficient brain imaging techniques to
measure the brain at work and to design Brain Computer Interfaces (BCI). We used functional near infrared
spectroscopy as it has been already successfully tested to measure WM capacity in complex environment with air
traffic controllers (ATC), pilots, or unmanned vehicle operators. However, the extraction of relevant features
from the raw signal in ecological environment is still a critical issue due to the complexity of implementing realtime signal processing techniques without a priori knowledge. We proposed to implement the Kalman filtering
approach, a signal processing technique that is efficient when the dynamics of the signal can be modeled. We
based our approach on the Boynton model of hemodynamic response. We conducted a first experiment with nine
participants involving a basic WM task to estimate the noise covariances of the Kalman filter. We then
conducted a more ecological experiment in our flight simulator with 18 pilots who interacted with ATC
instructions (two levels of difficulty). The data was processed with the same Kalman filter settings implemented
in the first experiment. This filter was benchmarked with a classical pass-band IIR filter and a Moving Average
Convergence Divergence (MACD) filter. Statistical analysis revealed that the Kalman filter was the most
efficient to separate the two levels of load, by increasing the observed effect size in prefrontal areas involved in
WM. In addition, the use of a Kalman filter increased the performance of the classification of WM levels based on
brain signal. The results suggest that Kalman filter is a suitable approach for real-time improvement of near
infrared spectroscopy signal in ecological situations and the development of BCI.

27.

Borycki et al. (2016). Interferometric Near-Infrared Spectroscopy (iNIRS) for determination of
optical and dynamical properties of turbid media

Abstract: We introduce and implement interferometric near-infrared spectroscopy (iNIRS), which
simultaneously extracts optical and dynamical properties of turbid media through analysis of a spectral
interference fringe pattern. The spectral interference fringe pattern is measured using a Mach-Zehnder
interferometer with a frequency-swept narrow linewidth laser. Fourier analysis of the detected signal is used to
determine time-of-flight (TOF)-resolved intensity, which is then analyzed over time to yield TOF-resolved
intensity autocorrelations. This approach enables quantification of optical properties, which is not possible in
conventional, continuous-wave near-infrared spectroscopy (NIRS). Furthermore, iNIRS quantifies scatterer
motion based on TOF-resolved autocorrelations, which is a feature inaccessible by well-established diffuse
correlation spectroscopy (DCS) techniques. We prove this by determining TOF-resolved intensity and temporal
autocorrelations for light transmitted through diffusive fluid phantoms with optical thicknesses of up to 55
reduced mean free paths (approximately 120 scattering events). The TOF-resolved intensity is used to determine
optical properties with time-resolved diffusion theory, while the TOF-resolved intensity autocorrelations are
used to determine dynamics with diffusing wave spectroscopy. iNIRS advances the capabilities of diffuse optical
methods and is suitable for in vivo tissue characterization. Moreover, iNIRS combines NIRS and DCS
capabilities into a single modality.

28.

Vervoot et al. (2016). Dual-task-related neural connectivity changes in patients with Parkinson’
disease

Abstract: Background and objectives: Dual-task (DT) gait impairment in people with Parkinson’s disease (PD)
and specifically in those with freezing of gait (FOG), reflects attentional dependency of movement. This study
aimed to elucidate resting-state brain connectivity alterations related to DT gait abnormalities in PD with and
11
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without FOG. Methods: PD patients (n = 73) and healthy age-matched controls (n = 20) underwent DT gait
analysis and resting-state functional Magnetic Resonance Imaging (rs-MRI) while ‘off’ medication. Patients were
classified as freezer (n = 13) or non-freezer (n = 60). Functional connectivity (FC) alterations between PD and
controls and between patient subgroups were assessed in regions of interest (ROIs) within the fronto-parietal
and motor network. Results: PD had longer stance times, shorter swing times and more step length asymmetry
during DT gait and needed more time and steps during DT turning compared to controls. Additionally, freezers
showed similar impairments and longer double support times compared to non-freezers during DT gait. PD
demonstrated hyper-connectivity between the inferior parietal lobule and premotor cortex (PMC) and between
the cerebellum and the PMC and M1. FOG-specific hypo-connectivity within the striatum and between the
caudate and superior temporal lobe and hyper-connectivity between the dorsal putamen and precuneus was
correlated with worse DT performance. Conclusion: PD showed FC alterations in DT-related networks, which
were not correlated to DT performance. However, FOG-specific FC alterations in DT-related regions involving
the precuneus and striatum were correlated to worse DT performance, suggesting that the balance between
cognitive and motor networks is altered.

29.

Arredondo et al. (2016). Bilingualism alters children's frontal lobe functioning for attentional
control

Abstract: Bilingualism is a typical linguistic experience, yet relatively little is known about its impact on
children's cognitive and brain development. Theories of bilingualism suggest that early dual-language
acquisition can improve children's cognitive abilities, specifically those relying on frontal lobe functioning. While
behavioral findings present much conflicting evidence, little is known about its effects on children's frontal lobe
development. Using functional near-infrared spectroscopy (fNIRS), the findings suggest that Spanish–English
bilingual children (n = 13, ages 7–13) had greater activation in left prefrontal cortex during a non-verbal
attentional control task relative to age-matched English monolinguals. In contrast, monolinguals (n = 14)
showed greater right prefrontal activation than bilinguals. The present findings suggest that early bilingualism
yields significant changes to the functional organization of children's prefrontal cortex for attentional control and
carry implications for understanding how early life experiences impact cognition and brain development.

30.

Gu et al. (2016). Empirical mode decomposition-based motion artifact correction method for
functional near-infrared spectroscopy

Abstract: Functional near-infrared spectroscopy (fNIRS) is a promising technique for monitoring brain activity.
However, it is sensitive to motion artifacts. Many methods have been developed for motion correction, such as
spline interpolation, wavelet filtering, and kurtosis-based wavelet filtering. We propose a motion correction
method based on empirical mode decomposition (EMD), which is applied to segments of data identified as having
motion artifacts. The EMD method is adaptive, data-driven, and well suited for nonstationary data. To test the
performance of the proposed EMD method and to compare it with other motion correction methods, we used
simulated hemodynamic responses added to real resting-state fNIRS data. The EMD method reduced mean
squared error in 79% of channels and increased signal-to-noise ratio in 78% of channels. Moreover, it produced
the highest Pearson’s correlation coefficient between the recovered signal and the original signal, significantly
better than the comparison methods (p<0.01, paired t-test). These results indicate that the proposed EMD
method is a first choice method for motion artifact correction in fNIRS.

31.

Osawa et al. (2016). Physiological and psychological evaluations in low- and high-frequency
noise using near-infrared spectroscopy

Abstract: This study aims to evaluate physiological and psychological states using near infrared spectroscopy in
noise environments with low or high frequencies. Our system assumes that noise affects brain activity in the
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frontal lobe. In order to evaluate the subject’s states in a noise environment, we constructed an experimental
system that measures the subject’s states. The experimental method adopted here was borrowed from our
previous studies. In the present study, we collected experimental data about the subject’s unpleasant or pleasant
experiences by producing a noise environment with low and high frequencies. We conclude that noises with low
or high frequencies affect our psychological states as well as brain activity in the frontal lobe.

32.

Buccino et al. (2016). Hybrid EEG-fNIRS Asynchronous Brain-Computer Interface for Multiple
Motor Tasks

Abstract: Non-invasive Brain-Computer Interfaces (BCI) have demonstrated great promise for neuroprosthetics
and assistive devices. Here we aim to investigate methods to combine Electroencephalography (EEG) and
functional Near-Infrared Spectroscopy (fNIRS) in an asynchronous Sensory Motor rhythm (SMR)-based BCI. We
attempted to classify 4 different executed movements, namely, Right-Arm—Left-Arm—Right-Hand—Left-Hand
tasks. Previous studies demonstrated the benefit of EEG-fNIRS combination. However, since normally fNIRS
hemodynamic response shows a long delay, we investigated new features, involving slope indicators, in order to
immediately detect changes in the signals. Moreover, Common Spatial Patterns (CSPs) have been applied to
both EEG and fNIRS signals. 15 healthy subjects took part in the experiments and since 25 trials per class were
available, CSPs have been regularized with information from the entire population of participants and optimized
using genetic algorithms. The different features have been compared in terms of performance and the dynamic
accuracy over trials shows that the introduced methods diminish the fNIRS delay in the detection of changes.

33.

Fujimaki et al. (2016). Cortical activation changes and sub-threshold affective symptoms are
associated with social functioning in a non-clinical population: A multi-channel near-infrared
spectroscopy study

Abstract: Few studies have examined the relationship between social function and brain activation in nonclinical populations. The aim of the present study was to assess this relationship and examine the underlying
cortical mechanisms in a non-clinical population. Eighty healthy volunteers performed a serial arithmetic task
according to the Uchida–Kraepelin performance test while hemoglobin concentration changes were assessed on
the surface of the prefrontal cortex (PFC) using 32-channel near-infrared spectroscopy. Participants were also
assessed for quality of life (QOL) using the Short-Form 36-item Questionnaire (SF-36), for affective symptoms
using the Zung Self-rating Depression Scale (SDS), for apathy using the Apathy Scale, for feelings of stress using
the Stress Arousal Checklist (SACL), and for task performance using the number of answers in a serial
arithmetic task. Activity in the frontopolar PFC displayed a significant positive correlation with social
functioning on the SF-36. SDS and SACL scores correlated negatively with social functioning. Furthermore, in
multiple regression analysis, social functioning was predicted by activity of the frontopolar PFC and SDS scores.
These results suggest that the association between changes in cortical activation and sub-threshold affective
symptoms may objectively identify individuals with QOL on social functioning.

34.

Koike et al. (2016). Association between rostral prefrontal cortical activity and functional
outcome in first-episode psychosis: a longitudinal functional near-infrared spectroscopy study

Abstract: Background: Few biomarkers can be used easily and noninvasively to measure clinical condition and
future outcome in patients with first-episode psychosis (FEP). To develop such biomarker using multichannel
functional near-infrared spectroscopy (fNIRS), cortical function in the prefrontal cortex was longitudinally
measured during a verbal fluency task.
Methods: Sixty-nine fNIRS measurements and 77 clinical assessments were obtained from 31 patients with FEP
at baseline, 6-month, and 12-month follow-ups. Sixty measurements were obtained from 30 healthy controls

13

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 4, Issue 1 (January–March 2016)

matched for age, sex, and premorbid IQ. We initially tested signal changes for 12 months, and then investigated
the relationship between fNIRS signals and clinical assessments.
Results: Signal changes from baseline to 12-month follow-up were not evident in any group. Patients with FEP
had significant positive correlation coefficients between 6-month fNIRS signals and the 12-month Global
Assessment of Functioning (GAF) score in the left middle frontal gyrus (FDR-corrected p = .0016–.0052, r = .65–
.59). fNIRS signals at the 12-month follow-up were associated with 12-month GAF score in the bilateral superior
and middle frontal gyri (FDR-corrected p = .00085–.018, r = .72–.55), and with the difference between baseline
and 12-month GAF scores in the right superior frontal gyrus (FDR-corrected p = .000067–.00012, r = .80–.78).
These associations were significant even after controlling for demographic variables. No association between
baseline fNIRS signals and later GAF scores was found.
Discussion: fNIRS measurement can potentially be used as a biomarker to aid sequential assessment of neuroclinical conditions through the early stage of psychosis.

35.

Tian et al. (2016). Transcranial laser stimulation improves human cerebral oxygenation

Abstract: Background and Objective: Transcranial laser stimulation of the brain with near-infrared light is a
novel form of non-invasive photobiomodulation or low-level laser therapy (LLLT) that has shown therapeutic
potential in a variety of neurological and psychological conditions. Understanding of its neurophysiological
effects is essential for mechanistic study and treatment evaluation. This study investigated how transcranial
laser stimulation influences cerebral hemodynamics and oxygenation in the human brain in vivo using
functional near-infrared spectroscopy (fNIRS).
Materials and Methods: Two separate experiments were conducted in which 1,064-nm laser stimulation was
administered at (1) the center and (2) the right side of the forehead, respectively. The laser emitted at a power of
3.4 W and in an area of 13.6 cm2, corresponding to 0.25 W/cm2 irradiance. Stimulation duration was 10 minutes.
Nine healthy male and female human participants of any ethnic background, in an age range of 18–40 years old
were included in each experiment.
Results: In both experiments, transcranial laser stimulation induced an increase of oxygenated hemoglobin
concentration (Δ[HbO2]) and a decrease of deoxygenated hemoglobin concentration (Δ[Hb]) in both cerebral
hemispheres. Improvements in cerebral oxygenation were indicated by a significant increase of differential
hemoglobin concentration (Δ[HbD] = Δ[HbO2] − Δ[Hb]). These effects increased in a dose-dependent manner over
time during laser stimulation (10 minutes) and persisted after laser stimulation (6 minutes). The total
hemoglobin concentration (Δ[HbT] = Δ[HbO2] + Δ[Hb]) remained nearly unchanged in most cases.
Conclusion: Near-infrared laser stimulation applied to the forehead can transcranially improve cerebral
oxygenation in healthy humans.

36.

Sutoko et al. (2016). Tutorial on platform for optical topography analysis tools

Abstract: Optical topography/functional near-infrared spectroscopy (OT/fNIRS) is a functional imaging
technique that noninvasively measures cerebral hemoglobin concentration changes caused by neural activities.
The fNIRS method has been extensively implemented to understand the brain activity in many applications,
such as neurodisorder diagnosis and treatment, cognitive psychology, and psychiatric status evaluation. To
assist users in analyzing fNIRS data with various application purposes, we developed a software called platform
for optical topography analysis tools (POTATo). We explain how to handle and analyze fNIRS data in the
POTATo package and systematically describe domain preparation, temporal preprocessing, functional signal
extraction, statistical analysis, and data/result visualization for a practical example of working memory tasks.
This example is expected to give clear insight in analyzing data using POTATo. The results specifically show the
activated dorsolateral prefrontal cortex is consistent with previous studies. This emphasizes analysis robustness,
which is required for validating decent preprocessing and functional signal interpretation. POTATo also provides
a self-developed plug-in feature allowing users to create their own functions and incorporate them with
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established POTATo functions. With this feature, we continuously encourage users to improve fNIRS analysis
methods. We also address the complications and resolving opportunities in signal analysis.

37.

Byun et al. (2016). Spontaneous Low-Frequency Cerebral Hemodynamics Oscillations in Restless
Legs Syndrome with Periodic Limb Movements During Sleep: A Near-Infrared Spectroscopy
Study

Abstract: Background and Purpose: Periodic limb movements (PLM) during sleep (PLMS) are associated with
cortical and cardiovascular activation. Changes in cerebral hemodynamics caused by cortical activity can be
measured using near-infrared spectroscopy (NIRS). We investigated oscillatory components of cerebral
hemodynamics during PLM and different sleep stages in restless legs syndrome (RLS) patients with PLMS.
Methods: Four female RLS patients with PLMS, and four age- and sex-matched normal controls were included.
PLM and sleep stages were scored using polysomnography, while the spontaneous cerebral hemodynamics was
measured by NIRS. The phase and amplitude of the cerebral oxyhemoglobin concentration [HbO] and the
deoxyhemoglobin concentration [Hb] low-frequency oscillations (LFOs) were evaluated during each sleep stage
[waking, light sleep (LS; stages N1 and N2), slow-wave sleep (stage N3), and rapid eye movement (REM) sleep].
In RLS patients with PLMS, the cerebral hemodynamics during LS was divided into LS with and without PLM.
Results: The cerebral hemodynamics activity varied among the different sleep stages. There were changes in
phase differences between [HbO] and [Hb] LFOs during the different sleep stages in the normal controls but not
in the RLS patients with PLMS. The [HbO] and [Hb] LFO amplitudes were higher in the patient group than in
controls during both LS with PLM and REM sleep.
Conclusions: The present study has demonstrated the presence of cerebral hemodynamics disturbances in RLS
patients with PLMS, which may contribute to an increased risk of cerebrovascular events.

38.

Aktuerk et al. (2016). Cerebral oxygenation monitoring in patients with bilateral carotid stenosis
undergoing urgent cardiac surgery: Observational case series

Abstract: Background: Patients with significant bilateral carotid artery stenosis requiring urgent cardiac
surgery have an increased risk of stroke and death. The optimal management strategy remains inconclusive, and
the available evidence does not support the superiority of one strategy over another. Materials and Methods: A
number of noninvasive strategies have been developed for minimizing perioperative stroke including continuous
real-time monitoring of cerebral oxygenation with near-infrared spectroscopy (NIRS). The number of patients
presenting with this combination (bilateral significant carotid stenosis requiring urgent cardiac surgery) in any
single institution will be small and hence there is a lack of large randomized studies. Results: This case series
describes our early experience with NIRS in a select group of patients with significant bilateral carotid stenosis
undergoing urgent cardiac surgery (n = 8). In contrast to other studies, this series is a single surgeon, single
center study, where the entire surgery (both distal ends and proximal ends) was performed during single aortic
clamp technique, which effectively removes several confounding variables. NIRS monitoring led to the early
recognition of decreased cerebral oxygenation, and corrective steps (increased cardiopulmonary bypass flow,
increased pCO 2 , etc.,) were taken. Conclusion: The study shows good clinical outcome with the use of NIRS.
This is our "work in progress," and we aim to conduct a larger study.

39.

El-Dib et al. (2016). EEG maturation and stability of cerebral oxygen extraction in very low birth
weight infants

Abstract: Objective: Fractional cerebral tissue oxygen extraction (FTOE) can be continuously monitored by
simultaneous near-infrared spectroscopy (NIRS) and pulse oximetry. The objective of this study is to test the
hypothesis that in very low birth weight (VLBW) infants, the more mature EEG activity is, the less variable
FTOE is.
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Study Design: A prospective study was conducted on VLBW infants (<1500 g and less than or equal to34 weeks
gestation) without significant brain injury. Simultaneous continuous two-channel electroencephalography
(EEG), NIRS and pulse oximetry were recorded. Absolute and relative powers of EEG in the delta, theta, alpha,
beta and total frequency bands have been calculated. FTOE variability was calculated on two scales: short scales
(3 to 20 s) and long scales (20 to 150 s). FTOE variability was examined against changes in relative spectral
power of different EEG bands.
Result: We evaluated 67 studies performed on 46 VLBW infants. Average study duration was 21.3±5.5 h.
Relative power of delta band positively correlated with FTOE short- and long-scale variability (r=0.45, P<0.001;
r=0.44, P<0.001, respectively). Relative power of alpha bands negatively correlated with FTOE short- and longscale variability (r=−0.38, P=0.002; r=−0.42, P<0.001, respectively). These correlations continued to be
significant when controlling for sex, small for gestational age, postmenstrual age, being on respiratory support,
hemoglobin concentration, systemic oxygen saturation and transcutaneous carbon dioxide tension.
Conclusion: Increased maturation of EEG activity is associated with decreased variability in cerebral oxygen
extraction. The implications of increased variability in FTOE on brain injury in premature infants need further
exploration.

40.

Podbregar et al. (2016). Red blood cell transfusion and skeletal muscle tissue oxygenation in
anaemic haematologic outpatients

Abstract: Background. Stored red blood cells (RBCs) accumulate biochemical and biophysical changes, known
as storage lesion. The aim of this study was to re-challenge current data that anaemia in chronically anaemic
haematology patients is not associated with low skeletal muscle tissue oxygen (StO2), and that RBC storage age
does not influence the tissue response after ischaemic provocation, using near-infrared spectroscopy. Patients
and methods. Twenty-four chronic anaemic haematology patients were included. Thenar skeletal muscle StO2
was measured at rest (basal StO2), with vascular occlusion testing (upslope StO2, maximum StO2) before and
after transfusion. Results. Basal StO2 was low (53% ± 7%). Average RBC storage time was 10.5 ± 3.9 days.
Effects of RBC transfusions were as follows: basal StO2 and upslope StO2 did not change significantly;
maximum StO2 increased compared to baseline (64 ± 14% vs. 59 ± 10%, p = 0.049). Change of basal StO2,
upslope StO2 and maximum StO2 was negatively related to age of RBCs. The decrease of maximum StO2 was
predicted (sensitivity 70%, specificity 100%), after receiving RBCs ≥ 10days old. Discussion. Resting skeletal
muscle StO2 in chronic anaemic patients is low. RBC storage time affects skeletal muscle StO2 in the resting
period and after ischaemic provocation.

41.

Hu et al. (2016). Effects of Hypothermic Cardiopulmonary Bypass on Internal Jugular Bulb
Venous Oxygen Saturation, Cerebral Oxygen Saturation, and Bispectral Index in Pediatric
Patients Undergoing Cardiac Surgery: A Prospective Study

Abstract: The objective of this study was to evaluate the effect of hypothermic cardiopulmonary bypass (CPB)
on cerebral oxygen saturation (rSO2), internal jugular bulb venous oxygen saturation (SjvO2), mixed venous
oxygen saturation (SvO2), and bispectral index (BIS) used to monitor cerebral oxygen balance in pediatric
patients.
Sixty American Society of Anesthesiologists Class II-III patients aged 1 to 4 years old with congenital heart
disease scheduled for elective cardiac surgery were included in this study. Temperature, BIS, rSO2, mean
arterial pressure, central venous pressure, cerebral perfusion pressure (CPP), and hematocrit were recorded.
Internal jugular bulb venous oxygen saturation and SvO2 were obtained from blood gas analysis at the time
points: after induction of anesthesia (T0), beginning of CPB (T1), ascending aortic occlusion (T2), 20 minutes
after initiating CPB (T3), coronary reperfusion (T4), separation from CPB (T5), and at the end of operation (T6).
The effect of hypothermia or changes in CPP on rSO2, SjvO2, SvO2, and BIS were analyzed.
Compared with postinduction baseline values, rSO2 significantly decreased at all-time points: onset of
extracorporeal circulation, ascending aortic occlusion, 20 minutes after CPB initiation, coronary reperfusion, and
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separation from CPB (P < 0.05). Compared with measurements made following induction of anesthesia, SjvO2
significantly increased with initiation of CPB, ascending aortic occlusion, 20 minutes after initiating CPB,
coronary reperfusion, and separation from CPB (P < 0.05). Compared with induction of anesthesia, BIS
significantly decreased with the onset of CPB, aortic cross clamping, 20 minutes after initiating CPB, and
coronary reperfusion (P < 0.05). Bispectral index increased following separation from CPB. There was no
significant change in SvO2 during cardiopulmonary bypass (P > 0.05). Correlation analysis demonstrated that
rSO2 was positively related to CPP (r = 0.687, P = 0.000), with a low linear correlation to temperature (r = 0.453,
P = 0.000). Internal jugular bulb venous oxygen saturation was negatively related to temperature (r = −0.689,
P = 0.000). Bispectral index was positively related to both temperature (r = 0.824, P = 0.000) and CPP (r = 0.782,
P = 0.000). Cerebral oxygen saturation had a positive linear correlation with CPP and a low linear correlation to
temperature. Internal jugular bulb venous oxygen saturation had a negative linear correlation to temperature.
Pre-and and early postbypass periods are vulnerable times for adequate cerebral oxygenation. Anesthetic
management must aim to optimize the supply and demand relationship.

42.

Hori et al. (2016). Perioperative optimal blood pressure as determined by ultrasound tagged
near infrared spectroscopy and its association with postoperative acute kidney injury in
cardiac surgery patients

Abstract: OBJECTIVES Perioperative blood pressure management by targeting individualized optimal blood
pressure, determined by cerebral blood flow autoregulation monitoring, may ensure sufficient renal perfusion.
The purpose of this study was to evaluate changes in the optimal blood pressure for individual patients,
determined during cardiopulmonary bypass (CPB) and during early postoperative period in intensive care unit
(ICU). A secondary aim was to examine if excursions below optimal blood pressure in the ICU are associated
with risk of cardiac surgery-associated acute kidney injury (CSA-AKI).
METHODS One hundred and ten patients undergoing cardiac surgery had cerebral blood flow monitored with a
novel technology using ultrasound tagged near infrared spectroscopy (UT-NIRS) during CPB and in the first 3 h
after surgery in the ICU. The correlation flow index (CFx) was calculated as a moving, linear correlation
coefficient between cerebral flow index measured using UT-NIRS and mean arterial pressure (MAP). Optimal
blood pressure was defined as the MAP with the lowest CFx. Changes in optimal blood pressure in the
perioperative period were observed and the association of blood pressure excursions (magnitude and duration)
below the optimal blood pressure [area under the curve (AUC) < OptMAP mmHgxh] with incidence of CSA-AKI
(defined using Kidney Disease: Improving Global Outcomes criteria) was examined.
RESULTS Optimal blood pressure during early ICU stay and CPB was correlated (r = 0.46, P < 0.0001), but was
significantly higher in the ICU compared with during CPB (75 ± 8.7 vs 71 ± 10.3 mmHg, P = 0.0002). Thirty
patients (27.3%) developed CSA-AKI within 48 h after the surgery. AUC < OptMAP was associated with CSAAKI during CPB [median, 13.27 mmHgxh, interquartile range (IQR), 4.63–20.14 vs median, 6.05 mmHgxh, IQR
3.03–12.40, P = 0.008], and in the ICU (13.72 mmHgxh, IQR 5.09–25.54 vs 5.65 mmHgxh, IQR 1.71–13.07, P =
0.022).
CONCLUSIONS Optimal blood pressure during CPB and in the ICU was correlated. Excursions below optimal
blood pressure (AUC < OptMAP mmHgXh) during perioperative period are associated with CSA-AKI.
Individualized blood pressure management based on cerebral autoregulation monitoring during the
perioperative period may help improve CSA-AKI-related outcomes.

43.

Tzeng et al. (2016). Portable handheld diffuse reflectance spectroscopy system for clinical
evaluation of skin: a pilot study in psoriasis patients

Abstract: Diffuse reflectance spectroscopy (DRS) has been utilized to study biological tissues for a variety of
applications. However, many DRS systems are not designed for handheld use and/or relatively expensive which
limit the extensive clinical use of this technique. In this paper, we report a handheld, low-cost DRS system
consisting of a light source, optical switch, and a spectrometer, that can precisely quantify the optical properties
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of tissue samples in the clinical setting. The handheld DRS system was employed to determine the skin
chromophore concentrations, absorption and scattering properties of 11 patients with psoriasis. The
measurement results were compared to the clinical severity of psoriasis as evaluated by dermatologist using
PASI (Psoriasis Area and Severity Index) scores. Our statistical analyses indicated that the handheld DRS
system could be a useful non-invasive tool for objective evaluation of the severity of psoriasis. It is expected that
the handheld system can be used for the objective evaluation and monitoring of various skin diseases such as
keloid and psoriasis.

44.

Humblet et al. (2016). Multimodal brain monitoring in congenital cardiac surgery: The
importance of processed electroencephalogram monitor, NeuroSENSE®, in addition to
cerebral near-infrared spectroscopy

Abstract: A 4-year-old boy undergoing cardiac surgery was monitored with the processed electroencephalogram
(EEG) device, NeuroSENSE®, and bilateral cerebral near-infrared spectroscopy (NIRS). At the start of
cardiopulmonary bypass (CPB) hemodynamic instability resulted in NIRS values that dropped under 30%
accompanied with raw EEG changes. These EEG changes normalized once full CPB flow was achieved. However,
the NIRS values remained low for more than 15 minutes despite the applied algorithm to normalize them. The
child showed no neurologic problems. This case illustrates the importance of multimodal brain monitoring
during congenital surgery in avoiding aggressive decisions based on one single monitor alone.

45.

Seiyama et al. (2016). Estimation of Skin Blood Flow Artefacts in NIRS Signals During a Verbal
Fluency Task

Abstract: The aim of this study was to clarify effects of skin (scalp) blood flow on functional near infrared
spectroscopy (fNIRS) during a verbal fluency task. In the present study, to estimate the influence of skin blood
flow on fNIRS signals, we conducted examinations on 19 healthy volunteers (39.9 ± 13.1 years, 11 male and 8
female subjects). We simultaneously measured the fNIRS signals, skin blood flow (i.e., flow, velocity, and
number of red blood cells [RBC]), and pulse wave rates using a multimodal fNIRS system. We found that the
effects of skin blood flow, measured by the degree of interference of the flow, velocity, and number of RBCs, and
pulse wave rates, on NIRS signals varied considerably across subjects. Further, by using the above physiological
parameters, we evaluated application of the independent component analysis algorithm proposed by Molgedey
and Schuster (MS-ICA) to remove skin blood flow artefacts from fNIRS signals.

46.

Konno et al. (2016). Relationships Between Gum-Chewing and Stress

Abstract: Studies have shown that chewing is thought to affect stress modification in humans. Also, studies in
animals have demonstrated that active chewing of a wooden stick during immobilization stress ameliorates the
stress-impaired synaptic plasticity and prevents stress-induced noradrenaline release in the amygdala. On the
other hand, studies have suggested that the right prefrontal cortex (PFC) dominates the regulation of the stress
response system, including the hypothalamic-pituitary-adrenal (HPA) axis. The International Affective Digitized
Sounds-2 (IADS) is widely used in the study of emotions and neuropsychological research. Therefore, in this
study, the effects of gum-chewing on physiological and psychological (including PFC activity measured by NIRS)
responses to a negative stimulus selected from the IADS were measured and analyzed. The study design was
approved by the Ethics Committee of Tokyo Dental College (No. 436).
We studied 11 normal adults using: cerebral blood oxygenation in the right medial PFC by multi-channel NIRS;
alpha wave intensity by EEG; autonomic nervous function by heart rate; and emotional conditions by the StateTrait Anxiety Inventory (STAI) test and the 100-mm visual analogue scale (VAS). Auditory stimuli selected were
fewer than 3.00 in Pleasure value. Sounds were recorded in 3 s and reproduced at random using software. Every
task session was designed in a block manner; seven rests: Brown Noise (30 s) and six task blocks: auditory
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stimuli or auditory stimuli with gum-chewing (30 s). During the test, the participants’ eyes were closed. Paired
Student’s t-test was used for the comparison (P < 0.05). Gum-chewing showed a significantly greater activation
in the PFC, alpha wave appearance rate and HR. Gum-chewing also showed a significantly higher VAS score
and a smaller STAI level indicating ‘pleasant’. Gum-chewing affected physiological and psychological responses
including PFC activity. This PFC activation change might influence the HPA axis and ANS activities. In
summary, within the limitations of this study, the findings suggest that gum-chewing reduced stress-related
responses. Gum-chewing might have a possible effect on stress coping.

47.

Takai et al. (2016). Effect of Transcranial Direct Current Stimulation over the Primary Motor
Cortex on Cerebral Blood Flow: A Time Course Study Using Near-infrared Spectroscopy

Abstract: Transcranial direct current stimulation (tDCS) is a noninvasive brain stimulation technique that is
applied during stroke rehabilitation. The purpose of this study was to examine diachronic intracranial
hemodynamic changes using near-infrared spectroscopy (NIRS) during tDCS applied to the primary motor cortex
(M1). Seven healthy volunteers were tested during real stimulation (anodal and cathodal) and during sham
stimulation. Stimulation lasted 20 min and NIRS data were collected for about 23 min including the baseline.
NIRS probe holders were positioned over the entire contralateral sensory motor area. Compared to the sham
condition, both anodal and cathodal stimulation resulted in significantly lower oxyhemoglobin (O2Hb)
concentrations in the contralateral premotor cortex (PMC), supplementary motor area (SMA), and M1 (p < 0.01).
Particularly in the SMA, the O2Hb concentration during anodal stimulation was significantly lower than that
during the sham condition (p < 0.01), while the O2Hb concentration during cathodal stimulation was lower than
that during anodal stimulation (p < 0.01). In addition, in the primary sensory cortex, the O2Hb concentration
during anodal stimulation was significantly higher than the concentrations during both cathodal stimulation
and the sham condition (p < 0.05). The factor of time did not demonstrate significant differences. These results
suggest that both anodal and cathodal tDCS cause widespread changes in cerebral blood flow, not only in the
area immediately under the electrode, but also in other areas of the cortex.

48.

Trofimov et al. (2016). Comparison of Cerebral Oxygen Saturation and Cerebral Perfusion
Computed Tomography in Cerebral Blood Flow in Patients with Brain Injury

Abstract: The purpose of this study was to determine the relationship between cerebral tissue oxygen
saturation and cerebral blood volume in patients with traumatic brain injury. Perfusion computed tomography of
the brain was performed in 25 patients with traumatic brain injury together with simultaneous SctO2 level
measurement using cerebral near-infrared oxymetry. The mean age of the injured persons was 34.5 ± 15.6 years
(range 15–65); 14 men, 11 women. The Injury Severity Score (ISS) values were 44.4 ± 9.7 (range 25–81). The
Glasgow Coma Score (GCS) mean value before the study was 10.6 ± 2.1 (range 5–13). SctO2 ranged from 51 to 89
%, mean 62 ± 8.2 %. Cerebral blood volume (CBV) values were 2.1 ± 0.67 ml/100 g (min 1.1; max 4.3 ml/100 g).
Cerebral blood flow (CBF) was 31.99 ± 13.6 ml/100 g × min. Mean transit time (MTT) values were 5.7 ± 4.5 s (min
2.8; max 34.3 s). The time to peak (TTP) was 22.2 ± 3.1 s. A statistically significant correlation was found
between SctO2 level and cerebral blood volume (CBV) level (R = 0.9; p < 0.000001). No other significant
correlations were found between brain tissue oxygenation and other parameters of brain perfusion.

49.

Caicedo et al. (2016). A New Framework for the Assessment of Cerebral Hemodynamics
Regulation in Neonates Using NIRS

Abstract: We present a new framework for the assessment of cerebral hemodynamics regulation (CHR) in
neonates using near-infrared spectroscopy (NIRS). In premature infants, NIRS measurements have been used as
surrogate variables for cerebral blood flow (CBF) in the assessment of cerebral autoregulation (CA). However,
NIRS measurements only reflect changes in CBF under constant changes in arterial oxygen saturation (SaO2).
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This condition is unlikely to be met at the bedside in the NICU. Additionally, CA is just one of the different
highly coupled mechanisms that regulate brain hemodynamics. Traditional methods for the assessment of CA do
not take into account the multivariate nature of CHR, producing inconclusive results. In this study we propose a
newly developed multivariate methodology for the assessment of CHR. This method is able to effectively
decouple the influences of SaO2 from the NIRS measurements, and at the same time, produces scores indicating
the strength of the coupling between the systemic variables and NIRS recordings. We explore the use of this
method, and its derived scores, for the monitoring of CHR using data from premature infants who developed a
grade III-IV intra-ventricular hemorrhage during the first 3 days of life.

50.

Tsubaki et al. (2016). Changes in Cortical Oxyhaemoglobin Signal During Low-Intensity Cycle
Ergometer Activity: A Near-Infrared Spectroscopy Study

Abstract: Near-infrared spectroscopy (NIRS) is a widely used non-invasive method for measuring human brain
activation based on the cerebral hemodynamic response during gross motor tasks. However, systemic changes
can influence measured NIRS signals. We aimed to determine and compare time-dependent changes in NIRS
signal, skin blood flow (SBF), and mean arterial pressure (MAP) during low-intensity, constant, dynamic
exercise. Nine healthy volunteers (22.1 ± 1.7 years, 3 women) participated in this study. After a 4-min preexercise rest and a 4-min warm-up, they exercised on a bicycle ergometer at workloads corresponding to 30 %
VO2 peak for 20 min. An 8-min rest period followed the exercise. Cortical oxyhaemoglobin signals (O2Hb) were
recorded while subjects performed the exercise, using an NIRS system. Changes in SBF and MAP were also
measured during exercise. O2Hb increased to 0.019 mM cm over 6 min of exercise, decreased slightly from 13
min towards the end of the exercise. SBF continued to increase over 16 min of the exercise period and thereafter
decreased till the end of measurement. MAP fluctuated from −1.0 to 7.1 mmHg during the exercise. Pearson’s
correlation coefficients between SBF and O2Hb, and MAP and O2Hb differed in each time phase, from −0.365 to
0.713. During low-intensity, constant, dynamic exercise, the profile of changes in measurements of O2Hb, SBF,
and MAP differed. These results suggested that it is necessary to confirm the relationship between O2Hb and
systemic factors during motor tasks in order to detect cortical activation during gross motor tasks.

51.

Sakatani et al. (2016). Effects of Acupuncture on Anxiety Levels and Prefrontal Cortex Activity
Measured by Near-Infrared Spectroscopy: A Pilot Study

Abstract: There is increasing evidence that acupuncture is useful in treating somatic and psychological
disorders caused by stress; however, the physiological basis of the effect remains unclear. In the present study,
we evaluated the effect of acupuncture on psychological conditions (i.e., anxiety) and prefrontal cortex (PFC)
activity. We studied 10 patients with anxiety disorders and measured anxiety levels by means of the State-Trait
Anxiety Inventory (STAI), including state anxiety (STAI-1) and trait anxiety (STAI-2). Employing a two-channel
NIRS device, we measured oxy-Hb concentration in the bilateral PFC at rest, and evaluated asymmetry of the
PFC activity by calculating the Laterality Index at Rest (LIR). The patients were treated by acupuncture at Yui
Clinic in Osaka. The treatment significantly decreased the STAI-1 score (p < 0.001), but not the STAI-2 score
(p > 0.05). The NIRS measurements indicated the presence of spontaneous oscillations of oxy-Hb in the bilateral
PFC at rest before and after the treatment. Notably LIR decreased significantly in 7 out of the 10 subjects
(p < 0.01), while 3 subjects showed an increasing tendency. The present pilot study indicates that acupuncture is
effective in decreasing anxiety levels in patients with anxiety disorders. Our NIRS data suggest that
acupuncture may alter the balance of PFC activity at rest, resulting in relaxation effects. Our NIRS data suggest
that acupuncture changes the balance of PFC activity toward left-dominant, resulting in relaxation effects on the
patients.
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52.

Nakamura et al. (2016). Estimation of partial optical path length in the brain in subject-specific
head models for near-infrared spectroscopy

Abstract: Three-dimensional head models with the structures constructed from the MR head images of 40
volunteers were constructed to analyze light propagation in the subject-specific head models. The mean optical
path length in the head and the partial optical path length in the brain at 13 fiducial points for each volunteer
were estimated to evaluate the intersubject and spatial variability in the optical path lengths. Although the
intersubject variability in the optical path lengths is very high, the spatial variability in the average of the mean
optical path length and partial optical path length is similar to the previously reported data. The mean optical
path length in the head increases, whereas the partial optical path length in the brain decreases with an
increase in the depth of the brain surface. The partial optical path length is highly correlated with the depth of
the brain surface in comparison to the mean optical path length in the head.

53.

Begus et al. (2016). Using fNIRS to Study Working Memory of Infants in Rural Africa

Abstract: A pilot study was conducted to assess the feasibility of using fNIRS as an alternative to behavioral
assessments of cognitive development with infants in rural Africa. We report preliminary results of a study
looking at working memory in 12–16-month-olds and discuss the benefits and shortcomings for the potential
future use of fNIRS to investigate the effects of nutritional insults and interventions in global health studies.

54.

Sing et al. (2016). Near-infrared spectroscopy-current status

Abstract: not available

55.

Hong et al. (2016). Decoding four different sound-categories in the auditory cortex using
functional near-infrared spectroscopy

Abstract: The ability of the auditory cortex in the brain to distinguish different sounds is important in daily life.
This study investigated whether activations in the auditory cortex caused by different sounds can be
distinguished using functional near-infrared spectroscopy (fNIRS). The hemodynamic responses (HRs) in both
hemispheres using fNIRS were measured in 18 subjects while exposing them to four sound categories (Englishspeech, non-English-speech, annoying sounds, and nature sounds). As features for classifying the different
signals, the mean, slope, and skewness of the oxy-hemoglobin (HbO) signal were used. With regard to the
language-related stimuli, the HRs evoked by understandable speech (English) were observed in a broader brain
region than were those evoked by non-English speech. Also, the magnitudes of the HbO signals evoked by
English-speech were higher than those of non-English speech. The ratio of the peak values of non-English and
English speech was 72.5%. Also, the brain region evoked by annoying sounds was wider than that by nature
sounds. However, the signal strength for nature sounds was stronger than that for annoying sounds. Finally, for
brain-computer interface (BCI) purposes, the linear discriminant analysis (LDA) and support vector machine
(SVM) classifiers were applied to the four sound categories. The overall classification performance for the left
hemisphere was higher than that for the right hemisphere. Therefore, for decoding of auditory commands, the
left hemisphere is recommended. Also, in two-class classification, the annoying vs. nature sounds comparison
provides a higher classification accuracy than the English vs. non-English speech comparison. Finally, LDA
performs better than SVM.
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56.

Reisman et al. (2016). Use of Near-Infrared Spectroscopy to Detect Sustained Hyperaemia
Following Lower Extremity Trauma

Abstract: Introduction: Patients who sustain lower extremity trauma are at highest risk for acute compartment
syndrome (ACS) during the first 48 hours after surgical stabilization. Near-infrared spectroscopy (NIRS) may be
a useful monitoring tool for ACS during this period; however, expected normal values have yet to be established.
This study sought to evaluate whether the expected hyperaemic response is present 48 hours postoperatively,
using NIRS. Materials and Methods: Participants consisted of 25 cases with acute unilateral lower extremity
fractures. NIRS measurements for hemoglobin saturated with oxygen (rSO2) were taken approximately 48 hours
after surgical stabilization for each compartment bilaterally, using the contralateral (uninjured) leg as an
internal control. Results: Mean rSO2 values taken 48 hours from surgical stabilization from each compartment
of the patients' injured legs were significantly higher than the mean values of the contralateral legs (injured =
70, 68, 72, 70; contralateral = 55, 54, 57, 56 for anterior, lateral, deep posterior, and superficial posterior
compartments, respectively; p < 0.0001 for all compartments). Conclusions: These results suggest that the
hyperaemic response to injury remains present at 48 hours after surgical stabilization, and that NIRS values in
an injured extremity should be expected to remain elevated throughout the window of concern for ACS. NIRS
may be a valuable tool in monitoring leg injuries during this critical time period.

57.

Quaresima & Ferrari (2016). Medical near infrared spectroscopy: a prestigious history and a
bright future

Abstract: This article provides an overview of the present and the bright future of near infrared (NIR)
spectroscopy applications in the medical field with special regard to brain oximetry and functional NIR
spectroscopy (fNIRS).

58.

Choe et al. (2016). Transcranial Direct Current Stimulation Modulates Neuronal Activity and
Learning in Pilot Training

Abstract: Skill acquisition requires distributed learning both within (online) and across (offline) days to
consolidate experiences into newly learned abilities. In particular, piloting an aircraft requires skills developed
from extensive training and practice. Here, we tested the hypothesis that transcranial direct current stimulation
(tDCS) can modulate neuronal function to improve skill learning and performance during flight simulator
training of aircraft landing procedures. Thirty-two right-handed participants consented to participate in four
consecutive daily sessions of flight simulation training and received sham or anodal high-definition-tDCS to the
right dorsolateral prefrontal cortex (DLPFC) or left motor cortex (M1) in a randomized, double-blind experiment.
Continuous electroencephalography (EEG) and functional near infrared spectroscopy (fNIRS) were collected
during flight simulation, n-back working memory, and resting-state assessments. tDCS of the right DLPFC
increased midline-frontal theta-band activity in flight and n-back working memory training, confirming tDCSrelated modulation of brain processes involved in executive function. This modulation corresponded to a
significantly different online and offline learning rates for working memory accuracy and decreased inter-subject
behavioral variability in flight and n-back tasks in the DLPFC stimulation group. Additionally, tDCS of left M1
increased parietal alpha power during flight tasks and tDCS to the right DLPFC increased midline frontal thetaband power during n-back and flight tasks. These results demonstrate a modulation of group variance in skill
acquisition through an increasing in learned skill consistency in cognitive and real-world tasks with tDCS.
Further, tDCS performance improvements corresponded to changes in electrophysiological and bloodoxygenation activity of the DLPFC and motor cortices, providing a stronger link between modulated neuronal
function and behavior.
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59.

Zimmermann et al. (2016). Frequency domain near-infrared multiwavelength imager design
using high-speed, direct analog-to-digital conversion

Abstract: Frequency domain near-infrared spectroscopy (FD-NIRS) has proven to be a reliable method for
quantification of tissue absolute optical properties. We present a full-sampling direct analog-to-digital conversion
FD-NIR imager. While we developed this instrument with a focus on high-speed optical breast tomographic
imaging, the proposed design is suitable for a wide-range of biophotonic applications where fast, accurate
quantification of absolute optical properties is needed. Simultaneous dual wavelength operation at 685 and 830
nm is achieved by concurrent 67.5 and 75 MHz frequency modulation of each laser source, respectively, followed
by digitization using a high-speed (180 MS/s) 16-bit A/D converter and hybrid FPGA-assisted demodulation. The
instrument supports 25 source locations and features 20 concurrently operating detectors. The noise floor of the
instrument was measured at <1.4 pW/√Hz, and a dynamic range of 115+ dB, corresponding to nearly six orders
of magnitude, has been demonstrated. Titration experiments consisting of 200 different absorption and
scattering values were conducted to demonstrate accurate optical property quantification over the entire range of
physiologically expected values.

60.

Tian et al. (2016). Wavelet coherence analysis of dynamic cerebral autoregulation in neonatal
hypoxic–ischemic encephalopathy

Abstract: Cerebral autoregulation represents the physiological mechanisms that keep brain perfusion relatively
constant in the face of changes in blood pressure and thus plays an essential role in normal brain function. This
study assessed cerebral autoregulation in nine newborns with moderate-to-severe hypoxic–ischemic
encephalopathy (HIE). These neonates received hypothermic therapy during the first 72 h of life while mean
arterial pressure (MAP) and cerebral tissue oxygenation saturation (SctO2) were continuously recorded. Wavelet
coherence analysis, which is a time-frequency domain approach, was used to characterize the dynamic
relationship between spontaneous oscillations in MAP and SctO2. Wavelet-based metrics of phase, coherence
and gain were derived for quantitative evaluation of cerebral autoregulation. We found cerebral autoregulation
in neonates with HIE was time-scale-dependent in nature. Specifically, the spontaneous changes in MAP and
SctO2 had in-phase coherence at time scales of less than 80 min (< 0.0002 Hz in frequency), whereas they
showed anti-phase coherence at time scales of around 2.5 h (~ 0.0001 Hz in frequency). Both the in-phase and
anti-phase coherence appeared to be related to worse clinical outcomes. These findings suggest the potential
clinical use of wavelet coherence analysis to assess dynamic cerebral autoregulation in neonatal HIE during
hypothermia.

61.

Yang et al. (2016). Cortical response to categorical color perception in infants investigated by
near-infrared spectroscopy

Abstract: There has been much debate on the Sapir–Wharf hypothesis regarding whether language affects our
perceptual world. Despite much research on this topic, there remains no clear consensus on whether and how
language affects categorical color perception. Here, we provide the first evidence, to our knowledge, that
categorical color perception has a universal starting point prior to language acquisition. We measured the neural
correlates of categorical color perception in prelinguistic infants. We found increased brain activities to colors in
different categories, but not to colors in the same category. These results indicated that different color categories
are differently represented in the visual cortex of prelinguistic infants, which implies that color categories may
develop in the visual system before language acquisition.

23

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 4, Issue 1 (January–March 2016)

62.

Vannasing et al. (2016). Potential brain language reorganization in a boy with refractory
epilepsy; an fNIRS–EEG and fMRI comparison

Abstract: As part of a presurgical investigation for a resection of a tumor located in the left temporal brain
region, we evaluated pre- and postsurgical language lateralization in a right-handed boy with refractory
epilepsy. In this study, we compared functional near infrared spectroscopy (fNIRS) results obtained while the
participant performed expressive and receptive language tasks with those obtained using functional magnetic
resonance imaging (fMRI). This case study illustrates the potential for NIRS to contribute favorably to the
localization of language functions in children with epilepsy and cognitive or behavioral problems and its
potential advantages over fMRI in presurgical assessment. Moreover, it suggests that fNIRS is sensitive in
localizing an atypical language network or potential brain reorganization related to epilepsy in young patients.

63.

Liu et al. (2016). A passenger reduces sleepy driver's activation in the right prefrontal cortex: A
laboratory study using near-infrared spectroscopy

Abstract: The present study aimed to examine how a passenger affects the sleepiness effect (awake vs. sleepy)
on an individual's prefrontal activation during a simulated driving-game task using a wireless portable nearinfrared spectroscopy (NIRS) device. Participants drove from start to goal along default routes either solely (nopassenger group) or with a friend sitting beside him/her as a passenger (with-passenger group). Sleepiness level
was assessed by a five-item scale questionnaire. In the no-passenger group, there were no performance and
activation differences between the sleepy and awake participants. In the with-passenger group, by contrast, the
sleepy participants showed more errors and lower activations in their right prefrontal cortex than the awake
participants. These results suggest that a passenger has little effect on awake participants, but may weaken the
sleepy participants’ vigilance and/or their cognitive abilities of action control. Practically, the present study
demonstrates that NIRS may provide us a new possibility to monitor and examine the driver's mental states in
the brain.

64.

Van de Rijt et al. (2016). Temporal Cortex Activation to Audiovisual Speech in Normal-Hearing
and Cochlear Implant Users Measured with Functional Near-Infrared Spectroscopy

Abstract: Background: Speech understanding may rely not only on auditory, but also on visual information.
Non-invasive functional neuroimaging techniques can expose the neural processes underlying the integration of
multisensory processes required for speech understanding in humans. Nevertheless, noise (from functional MRI,
fMRI) limits the usefulness in auditory experiments, and electromagnetic artifacts caused by electronic implants
worn by subjects can severely distort the scans (EEG, fMRI). Therefore, we assessed audio-visual activation of
temporal cortex with a silent, optical neuroimaging technique: functional near-infrared spectroscopy (fNIRS).
Methods: We studied temporal cortical activation as represented by concentration changes of oxy- and deoxyhemoglobin in four, easy-to-apply fNIRS optical channels of 33 normal-hearing adult subjects and five postlingually deaf cochlear implant (CI) users in response to supra-threshold unisensory auditory and visual, as well
as to congruent auditory-visual speech stimuli.
Results: Activation effects were not visible from single fNIRS channels. However, by discounting physiological
noise through reference channel subtraction (RCS), auditory, visual and audiovisual (AV) speech stimuli evoked
concentration changes for all sensory modalities in both cohorts (p < 0.001). Auditory stimulation evoked larger
concentration changes than visual stimuli (p < 0.001). A saturation effect was observed for the AV condition.
Conclusions: Physiological, systemic noise can be removed from fNIRS signals by RCS. The observed
multisensory enhancement of an auditory cortical channel can be plausibly described by a simple addition of the
auditory and visual signals with saturation.
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65.

Hocke et al. (2016). Comparison of peripheral near-infrared spectroscopy low-frequency
oscillations to other denoising methods in resting state functional MRI with ultrahigh
temporal resolution

Abstract: Purpose: Functional MRI (fMRI) blood–oxygen level–dependent (BOLD) signals result not only from
neuronal activation, but also from nonneuronal physiological processes. These changes, especially in the lowfrequency domain (0.01–0.2 Hz), can significantly confound inferences about neuronal processes. It is crucial to
effectively identify these nuisance low-frequency oscillations (LFOs).
Method: A high temporal resolution (repetition time, ∼0.5 s) fMRI resting state study was conducted with
simultaneous physiological measurements to compare LFOs measured directly by near-infrared spectroscopy
(NIRS) in the periphery and three methods that model LFOs from the respiration or cardiac signal: 1) the
respiration volume per time (RVT), 2) the respiratory variation (RVRRF), and 3) the cardiac variation method
(HRCRF). The LFO noise regressors from these methods were compared temporally and spatially as well as in
their denoising efficiency.
Results: Methods were not highly correlated with one another, temporally or spatially. The set of two NIRS
LFOs combined explained over 13% of BOLD signal variance and explained equal or more variance than HRCRF
and RVRRF or RVT combined (in 14 of 16 participants).
Conclusion: LFOs collected using NIRS in the periphery contain distinct temporal and spatial information about
the LFOs in BOLD fMRI that is not contained in current low-frequency denoising methods derived from
respiration and cardiac pulsation.

66.

Shah et al. (2016). Functional connectivity assessment of language areas in CI users using fNIRS

Abstract: Understanding functional re-organization of the brain after cochlear implantation plays an important
role when investigating the performance on speech understanding of cochlear implant (CI) users during
rehabilitation. Functional near-infrared spectroscopy (fNIRS) - likely to be a suitable neuroimaging modality for
CI users - offers ways to measure brain hemodynamics. With the hypothesis to detect functional connectivity
differences between normal-hearing listeners (NH) and CI user as well as differences among CI users, we
conducted a resting state functional connectivity study of the low frequency fluctuations (LFFs) < 0.1 Hz. Head
motions, low frequency drifts, heartbeat, respiration, and unwanted physiological noise arising from blood flow
regulation processes are the main sources of contamination in fNIRS signals that mask the underlying neural
activation patterns during rest. Efficient removal of these nuisance effects is a pre-requisite to determine
meaningful functional connectivity maps. A pre-processing strategy for recovering resting state functional
connectivity networks from fNIRS data is presented and tested on two different population groups: NH vs CI.
Comparing 4 NH listeners and 5 CI users, we observed a consistent lower inter-hemispheric connectivity across
CI users.

67.

DiPasquale et al. (2016). Evidence for cerebral edema, cerebral perfusion, and intracranial
pressure elevations in acute mountain sickness

Abstract: Introduction: We hypothesized that cerebral alterations in edema, perfusion, and/or intracranial
pressure (ICP) are related to the development of acute mountain sickness (AMS).
Methods: To vary AMS, we manipulated ambient oxygen, barometric pressure, and exercise duration. Thirty-six
subjects were tested before, during and after 8 h exposures in (1) normobaric normoxia (NN; 300 m elevation
equivalent); (2) normobaric hypoxia (NH; 4400 m equivalent); and (3) hypobaric hypoxia (HH; 4400 m
equivalent). After a passive 15 min ascent, each subject participated in either 10 or 60 min of cycling exercise at
50% of heart rate reserve. We measured tissue absorption and scattering via radio-frequency near-infrared
spectroscopy (NIRS), optic nerve sheath diameter (ONSD) via ultrasound, and AMS symptoms before, during,
and after environmental exposures.
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Results: We observed significant increases in NIRS tissue scattering of 0.35 ± 0.11 cm−1 (P = 0.001) in subjects
with AMS (i.e., AMS+), consistent with mildly increased cerebral edema. We also noted a small, but significant
increase in total hemoglobin concentrations with AMS+, 3.2 ± 0.8 μmolL−1 (P < 0.0005), consistent with
increased cerebral perfusion. No effect of exercise duration was found, nor did we detect differences between NH
and HH. ONSD assays documented a small but significant increase in ONSD (0.11 ± 0.02 mm; P < 0.0005) with
AMS+, suggesting mildly elevated ICP, as well as further increased ONSD with longer exercise duration (P =
0.005).
Conclusion: In AMS+, we found evidence of cerebral edema, elevated cerebral perfusion, and elevated ICP. The
observed changes were small but consistent with the reversible nature of AMS.

68.

Vermeij et al. (2016). Prefrontal activation may predict working-memory training gain in normal
aging and mild cognitive impairment

Abstract: Cognitive training has been shown to result in improved behavioral performance in normal aging and
mild cognitive impairment (MCI), yet little is known about the neural correlates of cognitive plasticity, or about
individual differences in responsiveness to cognitive training. In this study, 21 healthy older adults and 14
patients with MCI received five weeks of adaptive computerized working-memory (WM) training. Before and
after training, functional Near-Infrared Spectroscopy (fNIRS) was used to assess the hemodynamic response in
left and right prefrontal cortex during performance of a verbal n-back task with varying levels of WM load. After
training, healthy older adults demonstrated decreased prefrontal activation at high WM load, which may
indicate increased processing efficiency. Although MCI patients showed improved behavioral performance at low
WM load after training, no evidence was found for training-related changes in prefrontal activation. Wholegroup analyses showed that a relatively strong hemodynamic response at low WM load was related to worse
behavioral performance, while a relatively strong hemodynamic response at high WM load was related to higher
training gain. Therefore, a ‘youth-like’ prefrontal activation pattern at older age may be associated with better
behavioral outcome and cognitive plasticity.

69.

Wang et al. (2016). Fast blood flow monitoring in deep tissues with real-time software
correlators

Abstract: We introduce, validate and demonstrate a new software correlator for high-speed measurement of
blood flow in deep tissues based on diffuse correlation spectroscopy (DCS). The software correlator scheme
employs standard PC-based data acquisition boards to measure temporal intensity autocorrelation functions
continuously at 50 – 100 Hz, the fastest blood flow measurements reported with DCS to date. The data streams,
obtained in vivo for typical source-detector separations of 2.5 cm, easily resolve pulsatile heart-beat fluctuations
in blood flow which were previously considered to be noise. We employ the device to separate tissue blood flow
from tissue absorption/scattering dynamics and thereby show that the origin of the pulsatile DCS signal is
primarily flow, and we monitor cerebral autoregulation dynamics in healthy volunteers more accurately than
with traditional instrumentation as a result of increased data acquisition rates. Finally, we characterize
measurement signal-to-noise ratio and identify count rate and averaging parameters needed for optimal
performance.

70.

Zhang et al. (2016). Separation of the global and local components in functional near-infrared
spectroscopy signals using principal component spatial filtering

Abstract: Global systemic effects not specific to a task can be prominent in functional near-infrared
spectroscopy (fNIRS) signals and the separation of task-specific fNIRS signals and global nonspecific effects is
challenging due to waveform correlations. We describe a principal component spatial filter algorithm for
separation of the global and local effects. The effectiveness of the approach is demonstrated using fNIRS signals
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acquired during a right finger-thumb tapping task where the response patterns are well established. Both the
temporal waveforms and the spatial pattern consistencies between oxyhemoglobin and deoxyhemoglobin signals
are significantly improved, consistent with the basic physiological basis of fNIRS signals and the expected
pattern of activity associated with the task.

71.

Hartwig et al. (2016). Assessment of Microvascular Function Using Near-Infrared Spectroscopic
2D Imaging of Whole Hand Combined with Vascular Occlusion Test

Abstract: Near-infrared spectroscopy (NIRS) is an optical technique able to assess blood oxygen saturation
(StO2) non-invasively. StO2 of peripheral blood (blood contained in small vessels in strict contact with tissue
cells) reflects the adequacy of blood flow and O2 supply for tissue metabolism. Recent studies have tested the
clinical utility of NIRS for studying peripheral microcirculation with the use of a NIRS probe, exploring a limited
portion of hand skin (generally the thenar eminence), combined with vascular occlusion testing (VOT). In order
to gain information from much larger tissue areas, the present study evaluates the possibility of using a NIRS
two-dimensional (2D) camera for whole-hand imaging. Twelve healthy adults were tested. A NIRS camera was
used to acquire the hemoglobin StO2 2D mapping of the whole-hand inner surface during VOT. Several
parameters were calculated from the StO2 trend obtained from the NIRS image set, using two exemplifying
regions of interest on the thenar eminence and the middle finger.

72.

Takeucki et al. (2016). Parallel processing of cognitive and physical demands in left and right
prefrontal cortices during smartphone use while walking

Abstract: Background: Smartphone use while walking is becoming a public concern owing to an increased risk
of falling that can result from cognitive-motor interference. We evaluated prefrontal cortex (PFC) activity in
participants playing a smartphone game while walking, in order to elucidate the role of the PFC in the allocation
of attention between physical and cognitive demands. Sixteen young and 15 older adults participated in this
study. Participants were instructed to perform a touch number-selecting game on a smartphone while walking.
The numbers of correct and mistake responses were analyzed as a measure of cognitive performance. Linear
trunk accelerations were measured by another smartphone and analyzed for step time and acceleration
magnitude as an assay of gait performance. PFC activity during the task was measured using a wearable 16channel near-infrared spectroscopy system.
Results: Smartphone game playing while walking decreased the cognitive and gait performances compared with
performances of single-task condition in older group more than in young group. There was no difference in PFC
activation during smartphone use while walking between young and older groups, but age appeared to mediate
correlation magnitude between PFC activation and changes in performance. In young adults, multiple regression
analysis revealed an association of the right PFC with a reduction in acceleration magnitude (β = 0.581, p =
0.023), and an association of the left PFC with an increase in game-playing mistakes (β = −0.556, p = 0.032)
during smartphone use while walking. In older adults, multiple regression analysis revealed an association of
the middle PFC with a prolongation of step time (β = −0.550, p = 0.042) and of the left PFC with a reduction in
acceleration magnitude (β = −0.648, p = 0.012).
Conclusion: In young adults, the left PFC inhibited inappropriate action and the right PFC stabilized gait
performance. In older adults, a less-lateralized PFC activity pattern suppressed the deterioration of gait
performance, but this resulted in impairment on a simultaneous cognitive task. These results suggest that
lateralization of motor and cognitive tasks aids in efficient task completion during a complex action such as
using a smartphone while walking.
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73.

Cannizzaro et al. (2016). Prefrontal Cortical Activity During Discourse Processing: An
Observational fNIRS Study

Abstract: Discourse is a commonly occurring and cognitively demanding form of naturalistic communication
(e.g., conversation, event narration, personal and fictional narratives, text reading/generation). Because of the
prevalence of these communication acts in daily routines (e.g., educational, vocational, and social), disrupted
discourse is an important target for treatment of persons with cognitive-communication (CC) disorders
(American Speech-Language Hearing Association, 2005). However, there is a paucity of information with regard
to the underlying cognitive architecture and processing demands associated with the various forms of discourse
in non-brain-injured adults. This is, in part, due to a number of methodological constraints of functional
neuroimaging technologies such as functional magnetic resonance imaging that severely limit ecologically typical
communication acts such as listening and speaking during scanning. To circumvent these issues, this pilot
investigation used functional near infrared spectroscopy (fNIRS) to monitor hemodynamic activity in the
prefrontal cortex (PFC) during natural discourse-processing tasks in 13 neurologically healthy adult
participants. Task demands were manipulated across a variety of discourse types to elucidate the associated
neural and cognitive resources. Results indicate that the comprehension of well-organized discourse text is
minimally demanding on the PFC. However, discourse production places a significant burden on the PFC and
these processing demands generally reflect the relative complexity of the discourse task. These findings are
discussed in terms of potential clinically relevant implications with regard to the elicitation, assessment, and
remediation of CC impairments in clinical populations.

74.

Song et al. (2016). Fast Perturbation Monte Carlo simulation for heterogeneous medium and its
utilization in functional near-infrared spectroscopy

Abstract: In near-infrared spectroscopy, fiber optic probe is usually applied to incident light into the bio-sample
and detect the spatial and temporal resolved optical signal re-emitted from the turbid medium. In this pointsource-point-detector measurement system, seed Perturbation Monte Carlo (Pmc) method is an effective model
to perform the forward simulation. In our study, the integration of parallel computing with graphics processing
units(GPU) into the existing seed Pmc method substantially accelerate the speed of the original simulation. The
GPU based seed Pmc provide an excellent solution for the application of fiber optic probe in both homogeneous a
heterogeneous turbid medium.

75.

Fujita et al. (2016). Role of the Frontal Cortex in Standing Postural Sway Tasks While DualTasking: A Functional Near-Infrared Spectroscopy Study Examining Working Memory

Abstract: Posture control during a dual-task involves changing the distribution of attention resources between
the cognitive and motor tasks and involves the frontal cortex working memory (WM). The present study aimed to
better understand the impact of frontal lobe activity and WM capacity in postural control during a dual-task.
High and low WM-span groups were compared using their reading span test scores. High and low WM capacity
were compared based on cognitive and balance performance and hemoglobin oxygenation (oxyHb) levels during
standing during single (S-S), standing during dual (S-D), one leg standing during single (O-S), and one leg
standing during dual (O-D) tasks. For sway pass length, significant difference in only the O-D task was observed
between both groups. oxyHb levels were markedly increased in the right dorsolateral prefrontal cortex and
supplementary motor area in the high-span group during a dual-task. Therefore, WM capacity influenced the
allocation of attentional resources and motor performance.
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76.

Tsunoda et al. (2016). Near-infrared-spectroscopic study on processing of sounds in the brain; a
comparison between native and non-native speakers of Japanese

Abstract: Conclusions The result suggested that mother tongue Japanese and non- mother tongue Japanese
differ in their pattern of brain dominance when listening to sounds from the natural world—in particular, insect
sounds. These results reveal significant support for previous findings from Tsunoda (in 1970).
Objectives This study concentrates on listeners who show clear evidence of a ‘speech’ brain vs a ‘music’ brain and
determines which side is most active in the processing of insect sounds, using with near-infrared spectroscopy.
Methods The present study uses 2-channel Near Infrared Spectroscopy (NIRS) to provide a more direct measure
of left- and right-brain activity while participants listen to each of three types of sounds: Japanese speech,
Western violin music, or insect sounds. Data were obtained from 33 participants who showed laterality on
opposite sides for Japanese speech and Western music.
Results Results showed that a majority (80%) of the MJ participants exhibited dominance for insect sounds on
the side that was dominant for language, while a majority (62%) of the non-MJ participants exhibited dominance
for insect sounds on the side that was dominant for music.

77.

Saliba et al. (2016). Functional near-infrared spectroscopy for neuroimaging in cochlear implant
recipients

Abstract: Functional neuroimaging can provide insight into the neurobiological factors that contribute to the
variations in individual hearing outcomes following cochlear implantation. To date, measuring neural activity
within the auditory cortex of cochlear implant (CI) recipients has been challenging, primarily because the use of
traditional neuroimaging techniques is limited in people with CIs. Functional near-infrared spectroscopy (fNIRS)
is an emerging technology that offers benefits in this population because it is non-invasive, compatible with CI
devices, and not subject to electrical artifacts. However, there are important considerations to be made when
using fNIRS to maximize the signal to noise ratio and to best identify meaningful cortical responses. This review
considers these issues, the current data, and future directions for using fNIRS as a clinical application in
individuals with CIs.

78.

Moreau et al. (2016). Near-infrared measurements of brain oxygenation in stroke

Abstract: We investigated the feasibility of using frequency-domain near-infrared spectroscopy (fdNIRS) to
study brain oxygenation in the first few hours of stroke onset. The OxiplexTS® fdNIRS system was used in this
study. Using a standard probing protocol based on surface landmarks, we measured brain tHb and StO2 in
healthy volunteers, cadavers, and acute stroke patients within 9 h of stroke onset and 3 days later. We obtained
measurements from 11 controls, 5 cadavers, and 5 acute stroke patients. StO2 values were significantly lower in
cadavers compared to the controls and stroke patients. Each stroke patient had at least one area with reduced
StO2 on the stroke side compared to the contralateral side. The evolution of tHb and StO2 at 3 days differed
depending on whether a large infarct occurred. This study shows the proof of principle that quantified
measurements of brain oxygenation using NIRS could be used in the hectic environment of acute stroke
management. It also highlights the current technical limitations and future challenges in the development of
this unique bedside monitoring tool for stroke.

79.

Rackebrandt & Gehring (2016). Detection of the venous oxygen saturation in an oxygenation and
perfusion model

Abstract: The oxygenation, perfusion and metabolism of the brain—segmented in both hemispheres—can be
estimated from the oxygenation and hemoglobin levels of the venous blood in the cerebral efferent vessels. We
present a phantom based model to simulate the anatomical target region which was connected to hemodynamic
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perfusion circuit to provide different oxygenation plateaus inside of the simulated target vessel. A developed
triple-wavelength (770, 808 and 850 nm) multi-distance near-infrared spectroscopy sensor (6 photodiodes (PD1–
6), linearly arranged, separated 6 mm each) was equipped to detect these different saturation levels. The
saturation could be triggered to three consecutively passed plateaus (PL1 = 55 ± 3%; PL2 = 100 ± 0.3%; PL3 = 55
± 3%) for all 90 experiments (30 measurements per wavelength (3 d; 10 d−1)) while keeping the amount of total
hemoglobin (tHb) and the other physiological blood parameters at constant levels (tHb = 11.8 ± 0.2 g dl−1, blood
temperature = 35.5 ± 0.5 °C, carbon dioxide partial pressure (pCO2) = 44 ± 6 mmHg, Glucose = 99 ± 8 mg dl−1
and pH 7.35 ± 0.04). The saturation plateaus inside of the target vessel could be detected reproducibly with the
presented setup.

80.

Kennedy et al. (2016). Multivitamins and minerals modulate whole-body energy metabolism and
cerebral blood-flow during cognitive task performance: a double-blind, randomised, placebocontrolled trial

Abstract: Background: The brain is by far the most metabolically active organ in the body, with overall energy
expenditure and local blood-supply closely related to neural activity. Both energy metabolism and cerebral vasodilation are dependent on adequate micronutrient status. This study investigated whether supplementation with
ascending doses of multi-vitamin/minerals could modulate the metabolic and cerebral blood-flow consequences of
performing cognitive tasks that varied in difficulty.
Methods: In this randomised, double-blind, placebo-controlled, parallel-groups study 97 healthy females (25–49
y), who were not selected on the basis of any nutritional parameters, received either placebo or one of two doses
of multivitamins/minerals. Cerebral blood-flow (CBF) parameters in the frontal cortex, and total energy
expenditure (TotalEnergy), carbohydrate and fat oxidation (CarbOxi/FatOxi), were measured during 5 tasks of
graded cognitive difficulty and a control task (5 min per task) using Near-infrared spectroscopy (NIRS) and
Indirect calorimetry of exhaled pulmonary gas (ICa) respectively. Assessments took place 60 min after the first
dose and following eight weeks supplementation.
Results: During task performance supplementation with the first dose of micronutrients led to a dose-dependent
increase in TotalEnergy and FatOxi throughout the post-dose assessment period following the higher dose, and
increases in the total concentration of haemoglobin, a proxy measure for CBF, during task performance following
the lower dose of vitamins/minerals (also containing coenzyme-Q10). Chronic supplementation over 8 weeks led
to a dose-dependent increase in TotalEnergy during the task period. There were no interpretable effects on mood
or cognitive performance.
Conclusions: These results show that acute supplementation with micronutrients in healthy adults can modulate
metabolic parameters and cerebral blood flow during cognitive task performance, and that the metabolic
consequences are sustained during chronic supplementation. These findings suggest that both brain function
and metabolism are amenable to micronutrient supplementation, even in adults who are assumed to have
nutritional status typical of the population.

81.

Sakubo et al. (2016). Near-infrared spectroscopy for medical applications: Current status and
future perspectives

Abstract: The near-infrared radiation (NIR) window, also known as the “optical window” or “therapeutic
window”, is the range of wavelengths that has the maximum depth of penetration in tissue. Indeed, because NIR
is minimally absorbed by water and hemoglobin, spectra readings can be easily collected from the body surface.
Recent reports have shown the potential of NIR spectroscopy in various medical applications, including
functional analysis of the brain and other tissues, as well as an analytical tool for diagnosing diseases. The broad
applicability of NIR spectroscopy facilitates the diagnosis and therapy of diseases as well as elucidating their
pathophysiology. This review introduces recent advances and describes new studies in NIR to demonstrate
potential clinical applications of NIR spectroscopy.
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82.

Peng et al. (2016). Multichannel continuous electroencephalography-functional near-infrared
spectroscopy recording of focal seizures and interictal epileptiform discharges in human
epilepsy: a review

Abstract: Functional near-infrared spectroscopy (fNIRS) has emerged as a promising neuroimaging technique
as it allows noninvasive and long-term monitoring of cortical hemodynamics. Recent work by our group and
others has revealed the potential of fNIRS, combined with electroencephalography (EEG), in the context of
human epilepsy. Hemodynamic brain responses attributed to epileptic events, such as seizures and interictal
epileptiform discharges (IEDs), are routinely observed with a good degree of statistical significance and in
concordance with clinical presentation. Recording done with over 100 channels allows sufficiently large coverage
of the epileptic focus and other areas. Three types of seizures have been documented: frontal lobe seizures,
temporal lobe seizures, and posterior seizures. Increased oxygenation was observed in the epileptic focus in most
cases, while rapid but similar hemodynamic variations were identified in the contralateral homologous region.
While investigating IEDs, it was shown that their hemodynamic effect is observable with fNIRS, that their
response is associated with significant (inhibitive) nonlinearities, and that the sensitivity and specificity of
fNIRS to localize the epileptic focus can be estimated in a sample of 40 patients. This paper first reviews recent
EEG-fNIRS developments in epilepsy research and then describes applications to the study of focal seizures and
IEDs.

83.

Frigo et al. (2016). Measuring Cerebral Activation From fNIRS Signals: An Approach Based on
Compressive Sensing and Taylor-Fourier Model

Abstract: Functional near-infrared spectroscopy (fNIRS) is a noninvasive and portable neuroimaging technique
that uses NIR light to monitor cerebral activity by the so-called haemodynamic responses (HRs). The
measurement is challenging because of the presence of severe physiological noise, such as respiratory and
vasomotor waves. In this paper, a novel technique for fNIRS signal denoising and HR estimation is described.
The method relies on a joint application of compressed sensing theory principles and Taylor-Fourier modeling of
nonstationary spectral components. It operates in the frequency domain and models physiological noise as a
linear combination of sinusoidal tones, characterized in terms of frequency, amplitude, and initial phase.
Algorithm performance is assessed over both synthetic and experimental data sets, and compared with that of
two reference techniques from fNIRS literature.

84.

Seong et al. (2016). Simultaneous blood flow and blood oxygenation measurements using a
combination of diffuse speckle contrast analysis and near-infrared spectroscopy

Abstract: A combined diffuse speckle contrast analysis (DSCA)–near-infrared spectroscopy (NIRS) system is
proposed to simultaneously measure qualitative blood flow and blood oxygenation changes in human tissue. The
system employs an optical switch to alternate two laser sources at two different wavelengths and a CCD camera
to capture the speckle image. Therefore, an optical density can be measured from two wavelengths for NIRS
measurements and a speckle contrast can be calculated for DSCA measurements. In order to validate the
system, a flow phantom test and an arm occlusion protocol for arterial and venous occlusion were performed.
Shorter exposure times (<1 ms) show a higher drop (between 50% and 66%) and recovery of 1/K2S values after
occlusion (approximately 150%), but longer exposure time (3 ms) shows more consistent hemodynamic changes.
For four subjects, the 1/K2S values dropped to an average of 82.1±4.0% during the occlusion period and the
average recovery of 1/K2S values after occlusion was 109.1±0.8%. There was also an approximately equivalent
amplitude change in oxyhemoglobin (OHb) and deoxyhemoglobin (RHb) during arterial occlusion
(max RHb=0.0085±0.0024 mM/DPF, min OHb=−0.0057±0.0044 mM/DPF). The sensitivity of the system makes it
a suitable modality to observe qualitative hemodynamic trends during induced physiological changes.
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85.

Huppert (2016). Commentary on the statistical properties of noise and its implication on general
linear models in functional near-infrared spectroscopy

Abstract: Functional near-infrared spectroscopy (fNIRS) is a noninvasive neuroimaging technique that uses low
levels of light to measure changes in cerebral blood oxygenation levels. In the majority of NIRS functional brain
studies, analysis of this data is based on a statistical comparison of hemodynamic levels between a baseline and
task or between multiple task conditions by means of a linear regression model: the so-called general linear
model. Although these methods are similar to their implementation in other fields, particularly for functional
magnetic resonance imaging, the specific application of these methods in fNIRS research differs in several key
ways related to the sources of noise and artifacts unique to fNIRS. In this brief communication, we discuss the
application of linear regression models in fNIRS and the modifications needed to generalize these models in
order to deal with structured (colored) noise due to systemic physiology and noise heteroscedasticity due to
motion artifacts. The objective of this work is to present an overview of these noise properties in the context of
the linear model as it applies to fNIRS data. This work is aimed at explaining these mathematical issues to the
general fNIRS experimental researcher but is not intended to be a complete mathematical treatment of these
concepts.

86.

Kessel et al. (2016). Real time cerebral perfusion monitoring in acute trauma patients: a
preliminary study

Abstract: Background: Management of traumatic brain injury is focused on preventing secondary damage.
Early recognition of brain ischaemia may improve the final outcome of the trauma victim. The primary aim of
this study was to examine the correlation between peripheral oxygen pulse oximetry and brain oxygen
saturation measured by a near infrared oximetry device. A second aim was to evaluate the influence of different
factors such as fluid and blood administration on brain tissue oxygenation.
Methods: This was a prospective pilot study. Mechanically ventilated trauma patients admitted to the trauma
unit had cerebral-somatic oxygen saturation monitoring. Oximeter readings (rSO2) were prospectively collected
and compared with concurrent values for peripheral pulse oximetry (SO2). Data were recorded every 15 min and
during interventions such as administration of a fluid bolus and blood administration. All interventions were
based on accepted clinical parameters.
Results: Thirty-three patients were enrolled. A total of 210 simultaneous measurements of rSO2 and pulse
oximetry values were performed. There was correlation between these two parameters in only one third of
patients. Twenty-seven events of possible brain ischemia, defined as rSO2 values less than 50 or a decrease of
more than 20% from the baseline, were observed. In 68 (77.2%) of these measurements there was no decrease of
peripheral SO2. Significant increases in rSO2 were observed only during administration of fluid boluses.
Conclusions: A cerebral oxygenation monitoring device may recognize the possible events of brain ischaemia
which are not reflected by pulse oximetry. Fluid administration was the only factor found to improve brain
saturation.

87.

Ed-Dib et al. (2016). Brain Maturity and Variation of Oxygen Extraction in Premature Infants

Abstract: Objectives The ability of the premature brain to extract and use oxygen has not been studied
adequately. This study aimed to determine factors that influence fractional tissue oxygen extraction (FTOE) of
the brain in premature infants using near-infrared spectroscopy (NIRS) and pulse oximetry.
Study Design We prospectively studied FTOE in very low birth weight (BW) infants (< 1,500 g and ≤ 34 weeks'
gestation). Factors affecting FTOE and its variability were examined using bivariate and linear regression
models. FTOE variability was measured on two scales: short scales (3–20 seconds) and long scales (20–150
seconds).
Results We examined 147 simultaneous NIRS and pulse oximetry recordings that were collected from 72
premature infants (gestational age [GA] = 28 weeks and BW = 1,036 g). In regression models, average FTOE
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correlated negatively with hemoglobin (Hb) and increased significantly in patients with severe intraventricular
hemorrhage/periventricular leukomalacia. Both FTOE short- and long-scale variabilities correlated negatively
with GA and positively with postnatal age (PNA). Moreover, FTOE long-scale variability was significantly
reduced in infants supported with invasive ventilation.
Conclusions In premature infants, cerebral oxygen extraction increased with reduced Hb and severe brain
injury. Variability in oxygen extraction showed differential changes with GA and PNAs and was affected by
invasive ventilation.

88.

Davies et al. (2016). Comparison of near infrared spectroscopy with functional MRI for detection
of physiological changes in the brain independent of superficial tissue

Abstract: Background: A reliable portable non-invasive monitor for use in brain injury is needed, so near
infrared spectroscopy (NIRS) has potential. Historical inconsistencies in NIRS have prevented its use, often
attributed to the contamination of signal from extracranial tissue. We aimed to validate the brain signal from
frequency domain NIRS (advanced NIRS technique), comparing its abilities with functional MRI (fMRI) to
isolate physiological activity in the brain from those of extracranial tissue.
Methods: In a prospective healthy volunteer study, nine individuals (six male, three female, age range 21–40
years) performed supine Valsalva manoeuvres (adequacy monitored via finger photoplethysmography and
capnography). The Valsalva manoeuvre provided a suitable model for cerebral ischaemia and rises in
intracranial pressure. During the manoeuvre, a portable frequency domain NIRS device was targeted separately
at the brain and at extracranial tissue, and fMRI (blood oxygen load dependent sequence) was taken from
regions corresponding to both fields of NIRS acquisition. Area under the curve analysis of the change in
variables during the Valsalva manoeuvre was analysed by the Wilcoxon rank sum method with multiple
pairwise comparisons between the brain and extracranial tissue signals for both NIRS and fMRI.
Findings: We observed similar responses in both brain and extracranial tissue: in all volunteers, oxygenation in
brain tissue during the Valsalva manoeuvre decreased (mean −7·2% NIRS [SD 4·7], −3·4% fMRI [SD 1·46]) and
oxygenation from the extracranial acquired data increased (mean +6·1% NIRS [SD 2·72], +4·4% fMRI [SD 3·45]),
matching physiological predictions. These brain and extracranial signals were significantly different in both
fMRI and NIRS (p=0·00025 and 0·00115, respectively).
Interpretation: Our findings confirm that frequency domain NIRS can detect specific changes within the brain
tissue during the Valsalva manoeuvre independent of physiological features of extracranial tissue and reflects
changes observed by fMRI. Therefore, the frank changes in the brain observed by frequency domain NIRS are
brain specific, demonstrating the potential for this method to be used within the context of brain injury.

89.

Kim et al. (2016). Best facilitated cortical activation during different stepping, treadmill, and
robot-assisted walking training paradigms and speeds: A functional near-infrared
spectroscopy neuroimaging study

Abstract: BACKGROUND: Robot-assisted and treadmill-gait training are promising neurorehabilitation
techniques, with advantages over conventional gait training, but the neural substrates underpinning locomotor
control remain unknown particularly during different gait training modes and speeds. OBJECTIVE: The present
optical imaging study compared cortical activities during conventional stepping walking (SW), treadmill walking
(TW), and robot-assisted walking (RW) at different speeds. METHODS: Fourteen healthy subjects (6 women,
mean age 30.06, years ± 4.53) completed three walking training modes (SW, TW, and RW) at various speeds
(self-selected, 1.5, 2.0, 2.5, and 3.0 km/h). A functional near-infrared spectroscopy (fNIRS) system determined
cerebral hemodynamic changes associated with cortical locomotor network areas in the primary sensorimotor
cortex (SMC), premotor cortex (PMC), supplementary motor area (SMA), prefrontal cortex (PFC), and sensory
association cortex (SAC). RESULTS: There was increased cortical activation in the SMC, PMC, and SMA during
different walking training modes. More global locomotor network activation was observed during RW than TW
or SW. As walking speed increased, multiple locomotor network activations were observed, and increased
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activation power spectrum. CONCLUSIONS: This is the first empirical evidence highlighting the neural
substrates mediating dynamic locomotion for different gait training modes and speeds. Fast, robot-assisted gait
training best facilitated cortical activation associated with locomotor control.

90.

Takahashi et al. (2016). Differences in the Pulsatile Component of the Skin Hemodynamic
Response to Verbal Fluency Tasks in the Forehead and the Fingertip

Abstract: Several studies have claimed that hemodynamic signals measured by near-infrared spectroscopy
(NIRS) on the forehead exhibit different patterns during a verbal fluency task (VFT) in various psychiatric
disorders, whereas many studies have noted that NIRS signals can reflect task-related changes in skin blood
flow. If such a task-related skin hemodynamic response is also observed in the fingertip, a simpler biomarker
may be developed. Furthermore, determining the difference in the response pattern may provide physiological
insights into the condition. We found that the magnitude of the pulsatile component in skin hemodynamic
signals increased on the forehead (p < 0.001 for N = 50, p = 0.073 for N = 8) but decreased on the fingertip
(p < 0.001, N = 8) during the VFT, whereas the rate in both areas increased (p < 0.02, N = 8). We also did not find
a repetition effect in both the rate and the magnitude on the fingertip, whereas the effect was present in the
magnitude (p < 0.02, N = 8) but not in the rate on the forehead. These results suggest that the skin vasomotor
system in the forehead could have a different vessel mechanism to psychological tasks compared to the fingertip.

91.

Dutta et al. (2016). EEG-NIRS Based Assessment of Neurovascular Coupling During Anodal
Transcranial Direct Current Stimulation - a Stroke Case Series

Abstract: A method for electroencephalography (EEG) - near-infrared spectroscopy (NIRS) based assessment of
neurovascular coupling (NVC) during anodal transcranial direct current stimulation (tDCS). Anodal tDCS
modulates cortical neural activity leading to a hemodynamic response, which was used to identify impaired NVC
functionality. In this study, the hemodynamic response was estimated with NIRS. NIRS recorded changes in
oxy-hemoglobin (HbO2) and deoxy-hemoglobin (Hb) concentrations during anodal tDCS-induced activation of the
cortical region located under the electrode and in-between the light sources and detectors. Anodal tDCS-induced
alterations in the underlying neuronal current generators were also captured with EEG. Then, a method for the
assessment of NVC underlying the site of anodal tDCS was proposed that leverages the Hilbert-Huang
Transform. The case series including four chronic (>6 months) ischemic stroke survivors (3 males, 1 female from
age 31 to 76) showed non-stationary effects of anodal tDCS on EEG that correlated with the HbO2 response.
Here, the initial dip in HbO2 at the beginning of anodal tDCS corresponded with an increase in the logtransformed mean-power of EEG within 0.5Hz-11.25Hz frequency band. The cross-correlation coefficient
changed signs but was comparable across subjects during and after anodal tDCS. The log-transformed meanpower of EEG lagged HbO2 response during tDCS but then led post-tDCS. This case series demonstrated
changes in the degree of neurovascular coupling to a 0.526 A/m2 square-pulse (0–30 s) of anodal tDCS. The
initial dip in HbO2 needs to be carefully investigated in a larger cohort, for example in patients with small vessel
disease.

92.

Ward et al. (2016). Using Functional Near Infrared Spectroscopy (fNIRS) to Study Dynamic
Stereoscopic Depth Perception

Abstract: The parietal cortex has been widely implicated in the processing of depth perception by many
neuroimaging studies, yet functional near infrared spectroscopy (fNIRS) has been an under-utilised tool to
examine the relationship of oxy- ([HbO]) and de-oxyhaemoglobin ([HbR]) in perception. Here we examine the
haemodynamic response (HDR) to the processing of induced depth stimulation using dynamic random-dotstereograms (RDS). We used fNIRS to measure the HDR associated with depth perception in healthy young
adults (n = 13, mean age 24). Using a blocked design, absolute values of [HbO] and [HbR] were recorded across
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parieto-occipital and occipital cortices, in response to dynamic RDS. Control and test images were identical
except for the horizontal shift in pixels in the RDS that resulted in binocular disparity and induced the percept
of a 3D sine wave that ‘popped out’ of the test stimulus. The control stimulus had zero disparity and induced a
‘flat’ percept. All participants had stereoacuity within normal clinical limits and successfully perceived the depth
in the dynamic RDS. Results showed a significant effect of this complex visual stimulation in the right parietooccipital cortex (p < 0.01, η2 = 0.54). The test stimulus elicited a significant increase in [HbO] during depth
perception compared to the control image (p < 0.001, 99.99 % CI [0.008–0.294]). The similarity between the two
stimuli may have resulted in the HDR of the occipital cortex showing no significant increase or decrease of
cerebral oxygenation levels during depth stimulation. Cerebral oxygenation measures of [HbO] confirmed the
strong association of the right parieto-occipital cortex with processing depth perception. Our study demonstrates
the validity of fNIRS to investigate [HbO] and [HbR] during high-level visual processing of complex stimuli.

93.

Liu et al. (2016). NIRS-Based Hyperscanning Reveals Inter-brain Neural Synchronization during
Cooperative Jenga Game with Face-to-Face Communication

Abstract: Functional near-infrared spectroscopy (fNIRS) is an increasingly popular technology for studying
social cognition. In particular, fNIRS permits simultaneous measurement of hemodynamic activity in two or
more individuals interacting in a naturalistic setting. Here, we used fNIRS hyperscanning to study social
cognition and communication in human dyads engaged in cooperative and obstructive interaction while they
played the game of Jenga™. Novel methods were developed to identify synchronized channels for each dyad and
a structural node-based spatial registration approach was utilized for inter-dyad analyses. Strong inter-brain
neural synchrony (INS) was observed in the posterior region of the right middle and superior frontal gyrus, in
particular Brodmann area 8 (BA8), during cooperative and obstructive interaction. This synchrony was not
observed during the parallel game play condition and the dialog section, suggesting that BA8 was involved in
goal-oriented social interaction such as complex interactive movements and social decision-making. INS was also
observed in the dorsomedial prefrontal cortex (dmPFC), in particular Brodmann 9, during cooperative
interaction only. These additional findings suggest that BA9 may be particularly engaged when theory-of-mind
(ToM) is required for cooperative social interaction. The new methods described here have the potential to
significantly extend fNIRS applications to social cognitive research.

94.

Harrivel et al. (2016). Dynamic filtering improves attentional state prediction with fNIRS

Abstract: Brain activity can predict a person’s level of engagement in an attentional task. However, estimates of
brain activity are often confounded by measurement artifacts and systemic physiological noise. The optimal
method for filtering this noise – thereby increasing such state prediction accuracy – remains unclear. To
investigate this, we asked study participants to perform an attentional task while we monitored their brain
activity with functional near infrared spectroscopy (fNIRS). We observed higher state prediction accuracy when
noise in the fNIRS hemoglobin [Hb] signals was filtered with a non-stationary (adaptive) model as compared to
static regression (84% ± 6% versus 72% ± 15%).

95.

Glassman et al. (2016). The Effects of a Brief Acceptance-Based Behavioral Treatment Versus
Traditional Cognitive-Behavioral Treatment for Public Speaking Anxiety

Abstract: Individuals with public speaking anxiety (PSA) experience fear and avoidance that can cause extreme
distress, impaired speaking performance, and associated problems in psychosocial functioning. Most extant
interventions for PSA emphasize anxiety reduction rather than enhancing behavioral performance. We
compared the efficacy of two brief cognitive-behavioral interventions, a traditional cognitive-behavior treatment
(tCBT) and an acceptance-based behavior treatment (ABBT), on public speaking performance and anxiety in a
clinical sample of persons with PSA. The effects of treatment on prefrontal brain activation were also examined.
35

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 4, Issue 1 (January–March 2016)

Participants (n = 21) were randomized to 90 min of an ABBT or a tCBT intervention. Assessments took place at
pre- and post-treatment and included self-rated anxiety and observer-rated performance measures, a behavioral
assessment, and prefrontal cortical activity measurements using functional near-infrared spectroscopy (fNIRS).
Exploratory results indicated that participants in the ABBT condition experienced greater improvements in
observer-rated performance relative to those in the tCBT condition, while those in the tCBT condition
experienced greater reductions in subjective anxiety levels. Individuals in the ABBT condition also exhibited a
trend toward greater treatment-related reductions in blood volume in the left dorsolateral prefrontal cortex
relative to those who received tCBT. Overall, these findings preliminarily suggest that acceptance-based
treatments may free more cognitive resources in comparison with tCBT, possibly resulting in greater
improvements in objectively rated behavioral performances for ABBT interventions.

96.

Westermaier et al. (2016). Controlled Hypercapnia Enhances Cerebral Blood Flow and Brain
Tissue Oxygenation After Aneurysmal Subarachnoid Hemorrhage: Results of a Phase 1 Study

Abstract: Background: This study investigated if cerebral blood flow (CBF) regulation by changes of the arterial
partial pressure of carbon dioxide (PaCO2) can be used therapeutically to increase CBF and improve
neurological outcome after subarachnoid hemorrhage (SAH).
Methods: In 12 mechanically ventilated poor-grade SAH-patients, a daily trial intervention was performed
between day 4 and 14. During this intervention, PaCO2 was decreased to 30 mmHg and then gradually
increased to 40, 50, and 60 mmHg in 15-min intervals by modifications of the respiratory minute volume. CBF
and brain tissue oxygen saturation (StiO2) were the primary and secondary endpoints. Intracranial pressure
was controlled by an external ventricular drainage.
Results: CBF reproducibly decreased during hyperventilation and increased to a maximum of 141 ± 53 % of
baseline during hypercapnia (PaCO2 60 mmHg) on all days between day 4 and 14 after SAH. Similarly, StiO2
increased during hypercapnia. CBF remained elevated within the first hour after resetting ventilation to
baseline parameters and no rebound effect was observed within this time-span. PaCO2-reactivities of CBF and
StiO2 were highest between 30 and 50 mmHg and slightly decreased at higher levels.
Conclusion: CBF and StiO2 reproducibly increased by controlled hypercapnia of up to 60 mmHg even during the
period of the maximum expected vasospasm. The absence of a rebound effect within the first hour after
hypercapnia indicates that an improvement of the protocol is possible. The intervention may yield a therapeutic
potential to prevent ischemic deficits after aneurysmal SAH.

97.

Jeppsen et al. (2016). Near infrared spectroscopy as a seizure detection technology for patients
with epilepsy

Abstract: Objective: Near Infrared Spectroscopy (NIRS) has proved useful in measuring significant
hemodynamic changes in the brain during epileptic seizures. The advance of NIRS-technology into wireless and
portable devices raises the possibility of using the NIRS-technology for portable seizure detection.
Methods: This study used NIRS to measure changes in oxygenated (HbO), deoxygenated (HbR), and total
hemoglobin (HbT) at left and right side of the frontal lobe in 15 epilepsy patients (34 focal seizures) undergoing
long-term video-EEG monitoring. Twelve parameters consisting of maximum increase and decrease changes of
HbO, HbR and HbT during seizures (1-min before- to 3-min after seizure-onset) for left and right side, were
compared with the patients’ own non-seizure periods (a 2-h period and a 30-min exercise-period). In both nonseizure periods a four minutes moving windows with maximum overlapping were applied to find non-seizure
maxima of the twelve parameters.
Results: When analyzing the twelve parameters separately the positive seizure detection was in range of 6–24%.
Conclusion: NIRS did not seem to be a suitable technology for generic seizure detection given the device,
settings, and methods used in this study.
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98.

Vanutelli et al. (2016). Central and autonomic activity during emotion processing: A multimethod approach with hemodynamic (fNIRS), electrocortical (EEG) and autonomic measures

Abstract: Objective: Because of its sudden temporal evolution and representation among different levels and
complex neural networks, emotion processing should be examined by means of a multi-method approach. The
possibility to acquire autonomic (arousal-related) and central (cortical-related) activities allows to better
elucidate the reciprocal interplay of the two compartments.
Methods: 20 subjects were submitted to emotional stimuli while functional near-infrared spectroscopy (fNIRS),
frequency bands (EEG) and skin conductance response (SCR) were simultaneously recorded as biological
markers of emotions. Subjective measures were also considered (Self-Assessment Manikin; SAM).
Results: As shown by oxyhemoglobin (O2Hb) increasing within the right hemisphere, the contribution of the
prefrontal cortex was elucidated, by pointing out a right-lateralized effect induced by the negative valence of the
stimuli. Moreover EEG activity was associated with the cortical hemodynamic responsiveness to negative
emotional patterns, within the right side. SCR increased in response to negative patterns and was related to
explicit (SAM) and cortical (fNIRS; EEG) measures.
Conclusions: Cortical, autonomic and subjective measures were intrinsically associated. Specifically, negative
valence was more relevant to process emotional cue in relation to the hemispheric lateralization.

99.

Balconi et al. (2016). Resting lateralized activity (fNIRS) predicts the cortical response to
emotions

Abstract: Objective: The present study explored the effect of lateralized left–right resting brain activity on
prefrontal cortical responsiveness to emotional cues and on the explicit appraisal of emotions based on their
valence. Indeed subjective response to different emotional stimulus should be predicted by brain resting activity
and should be lateralized and valence-related (positive vs. negative valence).
Methods: Hemodynamic measure was considered (functional Near-Infrared Spectroscopy, fNIRS). Indeed
hemodynamic resting activity and brain response to emotional cues were registered when subjects viewed
emotional positive vs. negative stimuli (IAPS). LIR (lateralized Index Response) during resting state, LI
(Lateralized Index) during emotional processing and SAM rating were considered.
Results: Regression analysis showed the significant predictive effect of resting activity (more left or right
lateralized) on both brain response and appraisal (SAM) of emotional cues based on stimulus valence. Moreover,
significant effects were found as a function of valence (more right response to negative stimuli; more left
response to positive stimuli) during emotion processing.
Conclusions: Therefore resting state may be considered a predictive marker of the successive cortical
responsiveness to emotions.

100. Carius et al. (2016). Hemodynamic Response Alteration As a Function of Task Complexity and
Expertise—An fNIRS Study in Jugglers
Abstract: Detailed knowledge about online brain processing during the execution of complex motor tasks with a
high motion range still remains elusive. The aim of the present study was to investigate the hemodynamic
responses within sensorimotor networks as well as in visual motion area during the execution of a complex
visuomotor task such as juggling. More specifically, we were interested in how far the hemodynamic response as
measured with functional near infrared spectroscopy (fNIRS) adapts as a function of task complexity and the
level of the juggling expertise. We asked expert jugglers to perform different juggling tasks with different levels
of complexity such as a 2-ball juggling, 3- and 5-ball juggling cascades. We here demonstrate that expert jugglers
show an altered neurovascular response with increasing task complexity, since a 5-ball juggling cascade showed
enhanced hemodynamic responses for oxygenated hemoglobin as compared to less complex tasks such as a 3- or
2-ball juggling pattern. Moreover, correlations between the hemodynamic response and the level of the juggling
expertise during the 5-ball juggling cascade, acquired by cinematographic video analysis, revealed only a non37
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significant trend in primary motor cortex, indicating that a higher level of expertise might be associated with
lower hemodynamic responses.

101. Balconi et al. (2016). Hemodynamic (fNIRS) and EEG (N200) correlates of emotional inter-species
interactions modulated by visual and auditory stimulation
Abstract: The brain activity, considered in its hemodynamic (optical imaging: functional Near-Infrared
Spectroscopy, fNIRS) and electrophysiological components (event-related potentials, ERPs, N200) was monitored
when subjects observed (visual stimulation, V) or observed and heard (visual + auditory stimulation, VU)
situations which represented inter-species (human-animal) interactions, with an emotional positive (cooperative)
or negative (uncooperative) content. In addition, the cortical lateralization effect (more left or right dorsolateral
prefrontal cortex, DLPFC) was explored. Both ERP and fNIRS showed significant effects due to emotional
interactions which were discussed at light of cross-modal integration effects. The significance of inter-species
effect for the emotional behavior was considered. In addition, hemodynamic and EEG consonant results and
their value as integrated measures were discussed at light of valence effect.

102. Tucker et al. (2016). Detection of Attentional State in Long-Distance Driving Settings Using
Functional Near-Infrared Spectroscopy
Abstract: Self-driving cars have the potential to drastically improve the efficiency and safety of personal cars.
However, despite recent significant improvements in the field, fully autonomous car technology will not likely be
ready in the near future. A derivative architecture, instead of full autonomy, is one where automated technology
provides driver assistance, and thus incorporates a human who is expected to intervene in the case of a problem
or an emergency. Humans, however, have difficulty sustaining vigilance for long periods of time, which is of
concern if a human driver is expected to monitor automation for extended periods of time during long distance
drives. The authors investigated a method to detect this lapse in sustained attention, otherwise known as the
vigilance decrement, in long-distance driving by analyzing oxygenated hemoglobin concentrations (HbO)
collected by functional near infrared spectroscopy (fNIRS). A total of 27 subjects in a four hour simulated driving
scenario reached an HbO plateau, and thus potentially the vigilance decrement point, in 20.55 minutes on
average. Driver performance, on average, was poorer in the phase after the vigilance decrement compared to the
performance before the decrement point, as measured by maximum lane deviation. Such an approach could
eventually enable self-driving cars to detect the attentional state of human drivers, which is critical if the car
needs to determine whether the human can intervene in a timely fashion.

103. Vega et al. (2016). Hemodynamic Pattern Recognition During Deception Process Using
Functional Near-infrared Spectroscopy
Abstract: Deception is considered a psychological process by which one individual deliberately attempts to
convince another person to accept as true what the liar knows to be false. This paper presents the use of
functional near-infrared spectroscopy for deception detection. This technique measures hemodynamic variations
in the cortical regions induced by neural activations. The experimental setup involved a mock theft paradigm
with ten subjects, where the subjects responded to a set of questions, with each of their answers belonging to one
of three categories: Induced Lies, Induced Truths, and Non-Induced responses. The relative changes of the
hemodynamic activity in the subject’s prefrontal cortex were recorded during the experiment. From this data,
the changes in blood volume were derived and represented as false color topograms. Finally, a human evaluator
used these topograms as a guide to classify each answer into one of the three categories. His performance was
compared with that of a support vector machine (SVM) classifier in terms of accuracy, specificity, and sensitivity.
The human evaluator achieved an accuracy of 84.33 % in a tri-class problem and 92 % in a bi-class problem
(induced vs. non-induced responses). In comparison, the SVM classifier correctly classified 95.63 % of the
38
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answers in a tri-class problem using cross-validation for the selection of the best features. These results suggest
a tradeoff between accuracy and computational burden. In other words, it is possible for an interviewer to
classify each response by only looking at the topogram of the hemodynamic activity, but at the cost of reduced
prediction accuracy.

104. Sun et al. (2016). Shed a light of wireless technology on portable mobile design of NIRS
Abstract: Mobile internet is growing rapidly driven by high-tech companies including the popular Apple and
Google. The wireless mini-NIRS is believed to deserve a great spread future, while there is sparse report on
wireless NIRS device and even for the reported wireless NIRS, its wireless design is scarcely presented. Here we
focused on the wireless design of NIRS devices. The widely-used wireless communication standards and wireless
communication typical solutions were employed into our NIRS design and then compared on communication
efficiency, distance, error rate, low-cost, power consumption, and stabilities, based on the requirements of NIRS
applications. The properly-performed wireless communication methods matched with the characteristics of NIRS
are picked out. Finally, we realized one recommended wireless communication in our NIRS, developed a test
platform on wireless NIRS and tested the full properties on wireless communication. This study elaborated the
wireless communication methods specified for NIRS and suggested one implementation with one example fully
illustrated, which support the future mobile design on NIRS devices.

105. Lu et al. (2016). Hemodynamic responses can modulate the brain oscillations in low frequency
Abstract: Previous studies have showed that the steady-state responses were able to be used as an effective
index for modulating the neural oscillations in the high frequency ranges (> 1 Hz). However, the neural
oscillations in low frequency ranges (<1 Hz) remain unknown. In this study, a series of fNIRS experimental tests
were conducted to validate if the low frequency bands (0.1 Hz - 0.8 Hz) steady-state hemoglobin responses
(SSHbRs) could be evoked and modulate the neural oscillation during a serial reaction time (SRT) task

106. Yuan et al. (2016). The hemodynamic changes in the human prefrontal cortex during the
Flanker and Simon tasks: a fNIRS study
Abstract: Functional near-infrared spectroscopy (fNIRS) is a low-cost, portable and noninvasive functional
neuroimaging technique by measuring the change in the concentrations of oxyhemoglobin (HbO) and
deoxyhemoglobin (HbR). The aim of present study is to reveal the different brain activity pattern of adult
subjects during the completion of flanker and Simon tasks underlying the congruent and incongruent test
conditions so as to identify the basic neural mechanism of inhibitory control in executive function. In the study,
we utilized fNIRS to explore the hemodynamic changes in the prefrontal cortex and our imaging results
suggested that there were notable differences for the hemodynamic responses between the flank and Simon task.
A striking difference is that for the flank task, the increase in the HbO concentration during incongruent trials
was larger than that during congruent trials for the channels across middle frontal cortex while for the Simon
task, the hemodynamic response was stronger for the congruent condition compared to that from the
incongruent one. Interestingly, the hemodynamic response exhibited similar task-related activation in the
superior frontal cortex for both the congruent and incongruent conditions. Further, independent component
analysis showed that different brain activation patterns were identified to accomplish different inhibitory control
tasks underlying the congruent and incongruent conditions.
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107. Pan et al. (2016). Which blood oxygen can sensitively indicate shock severity?
Abstract: Clinical shock-monitoring mainly depends on measuring oxygen saturations from SVC blood samples
invasively. The golden standard indicator is the central internal jugular vein oxygenation (SjvO2). Using nearinfrared spectroscopy (NIRS) also can monitor shock in some papers published, but there is no discussion about
which oxygen saturation (cerebral venous oxygen saturation, ScvO2; tissue oxygen saturation of internal jugular
area; tissue oxygen saturation of extremities areas) can monitor shock patient more sensitively and accurately.
The purpose of this paper is to examine which one is most effective. In order to discuss the problem, we
continuously detected 56 critical patients who may be into shock state using NIRS oximeter at prefrontal,
internal jugular vein area and forearm, and chose 24 patients who were into shock and then out of shock from
the 56 critical patients. Combined with the patients’ condition, the pulse oxygen saturation is most sensitively to
monitoring shock than the others, and the internal jugular vein area oxygen saturation is most effective.

108. Jarraya et al. (2016). Near-infrared spectrometry in pregnancy: progress and perspectives, a
review of literature
Abstract: Near-infrared spectroscopy (NIRS) allows continuous noninvasive monitoring of in vivo oxygenation
in selected tissues. It has been used primarily as a research tool for several years, but it is seeing wider
application in the clinical arena all over the world. It was recently used to monitor brain circulation in cardiac
surgery , carotid endarteriectomy , neurosurgery and robotic surgery. According to the few studies used NIRS in
pregnancy, it may be helpful to assess the impact of severe forms of preeclampsia on brain circulation, to
evaluate the efficacy of different treatments. It may also be used during cesarean section to detect earlier sudden
complications. The evaluation of placental function via abdominal maternal approach to detect fetal growth
restriction is a new field of application of NIRS.

109. Miller et al. (2016). NIRS-based noninvasive cerebrovascular regulation assessment
Abstract: Alterations to cerebral blood flow (CBF) have been implicated in diverse neurological conditions,
including mild traumatic brain injury, microgravity induced intracranial pressure (ICP) increases, mild cognitive
impairment, and Alzheimer’s disease. Near infrared spectroscopy (NIRS)-measured regional cerebral tissue
oxygen saturation (rSO2) provides an estimate of oxygenation of the interrogated cerebral volume that is useful
in identifying trends and changes in oxygen supply to cerebral tissue and has been used to monitor
cerebrovascular function during surgery and ventilation. In this study, CO2-inhalation-based hypercapnic
breathing challenges were used as a tool to simulate CBF dysregulation, and NIRS was used to monitor the CBF
autoregulatory response. A breathing circuit for the selective administration of CO2-compressed air mixtures
was designed and used to assess CBF regulatory responses to hypercapnia in 26 healthy young adults using noninvasive methods and real-time sensors. After a 5 or 10 minute baseline period, 1 to 3 hypercapnic challenges of
5 or 10 minutes duration were delivered to each subject while rSO2, partial pressure of end tidal CO2 (PETCO2),
and vital signs were continuously monitored. Change in rSO2 measurements from pre- to intrachallenge (ΔrSO2)
detected periods of hypercapnic challenges. Subjects were grouped into three exercise factor levels (hr/wk), 1: 0,
2:>0 and <10, and 3:>10. Exercise factor level 3 subjects showed significantly greater ΔrSO2 responses to CO2
challenges than level 2 and 1 subjects. No significant difference in ΔPETCO2 existed between these factor levels.
Establishing baseline values of rSO2 in clinical practice may be useful in early detection of CBF changes.

110. Ding et al. (2016). Optical topography guided semi-three-dimensional diffuse optical tomography
for a multi-layer model of occipital cortex: a pilot methodological study
Abstract: In this paper, an optical topography (OT) guided diffuse optical tomography (DOT) scheme is
developed for functional imaging of the occipital cortex. The method extends the previously proposed semi-three40
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dimensional DOT methodology to reconstruction of two-dimensional extracerebral and cerebral images using a
visual cortex oriented five-layered slab geometry, and incorporate the OT localization regularization in the
cerebral reconstruction to achieve enhanced quantitative accuracy and spatial resolution. We validate the
methodology using simulated data and demonstrate its merits in comparison to the standalone OT and DOT.

111. Pellegrino et al. (2016). Hemodynamic Response to Interictal Epileptiform Discharges Addressed
by Personalized EEG-fNIRS Recordings
Abstract: Objective: We aimed at studying the hemodynamic response (HR) to Interictal Epileptic Discharges
(IEDs) using patient-specific and prolonged simultaneous ElectroEncephaloGraphy (EEG) and functional Near
InfraRed Spectroscopy (fNIRS) recordings.
Methods: The epileptic generator was localized using Magnetoencephalography source imaging. fNIRS montage
was tailored for each patient, using an algorithm to optimize the sensitivity to the epileptic generator. Optodes
were glued using collodion to achieve prolonged acquisition with high quality signal. fNIRS data analysis was
handled with no a priori constraint on HR time course, averaging fNIRS signals to similar IEDs. Clusterpermutation analysis was performed on 3D reconstructed fNIRS data to identify significant spatio-temporal HR
clusters. Standard (GLM with fixed HRF) and cluster-permutation EEG-fMRI analyses were performed for
comparison purposes.
Results: fNIRS detected HR to IEDs for 8/9 patients. It mainly consisted oxy-hemoglobin increases (seven
patients), followed by oxy-hemoglobin decreases (six patients). HR was lateralized in six patients and lasted from
8.5 to 30 s. Standard EEG-fMRI analysis detected an HR in 4/9 patients (4/9 without enough IEDs, 1/9
unreliable result). The cluster-permutation EEG-fMRI analysis restricted to the region investigated by fNIRS
showed additional strong and non-canonical BOLD responses starting earlier than the IEDs and lasting up to
30 s. Conclusions: (i) EEG-fNIRS is suitable to detect the HR to IEDs and can outperform EEG-fMRI because of
prolonged recordings and greater chance to detect IEDs; (ii) cluster-permutation analysis unveils additional HR
features underestimated when imposing a canonical HR function (iii) the HR is often bilateral and lasts up to
30 s.

112. Li et al. (2016). A novel method to estimate oxygen saturation of the internal jugular vein blood
Abstract: This article introduces a novel method to estimate oxygen saturation of the internal jugular vein blood
(SjvO2) by using Near Infrared spectroscopy (NIRS). The different positions of patients can affect the crosssectional area (CSA) of the internal jugular vein (IJV), in other words, it causes the sectional change of the IJV
blood volume. When lying position of patients, the CSA is larger than that keeping upper body 80 degree, and
the CSA can compute quantitatively by the use of ultrasound and digital image processing methods. The entire
method consist of constructing different position of patient (upper body rotation 0 and 80 degree), comparing the
light absorption changes. SjvO2 has been determined from light absorption measurements in two wavelength,
before and after the position changes. The method has been applied to the vertical area over the IJV of 11
patients who were placed a central venous catheter into a large vein in the neck for medical uses, using
wavelength of 735 and 850 nm. At last, comparing the SjvO2NIRS which measured by NIRS noninvasively with
SjvO2IJVBG which was quantified using a whole blood gas analyzer, we found there were some certain
relativity. The results were influenced by vascular depth greatly.

113. Sun et al. (2016). Multi-channel photon migration study in visible Chinese human muscle for
optical detection of deep vein thrombosis
Abstract: Deep vein thrombosis (DVT) always induced venous thrombosis. Most cases of venous thrombosis
were induced by deep vein thrombosis (DVT), with high incidence rate of >60% in >60 years old people. Nearinfrared spectroscopy (NIRS) were reported recently to be an intriguing and potential technique in detecting
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DVT in clinics. However, the photon transport is still unclear, which is crucial for the image reconstruction of the
updated development called as NIRS-based DVT imager. Here we employed the Monte Carlo simulation
software for 3D voxelized media (MCVM) and the Visible Chinese Human (VCH) model, which segmentation is
finest in the world, to simulate multi-channel photon migration in calf muscle. And the image reconstruction of
DVT hemodynamic distribution was achieved. This study, for the first time, provides the most realistic 3-D
multichannel photon migration for NIRS study on DVT, and explored the image reconstruction for furtherly
developing a NIRS-based DVT imager.

114. Fantini et al. (2016). Non-invasive assessment of cerebral microcirculation with diffuse optics
and coherent hemodynamics spectroscopy
Abstract: We describe the general principles and initial results of coherent hemodynamics spectroscopy (CHS),
which is a new technique for the quantitative assessment of cerebral hemodynamics on the basis of dynamic
near-infrared spectroscopy (NIRS) measurements. The two components of CHS are (1) dynamic measurements of
coherent cerebral hemodynamics in the form of oscillations at multiple frequencies (frequency domain) or
temporal transients (time domain), and (2) their quantitative analysis with a dynamic mathematical model that
relates the concentration and oxygen saturation of hemoglobin in tissue to cerebral blood volume (CBV), cerebral
blood flow (CBF), and cerebral metabolic rate of oxygen (CMRO2). In particular, CHS can provide absolute
measurements and dynamic monitoring of CBF, and quantitative measures of cerebral autoregulation. We
report initial results of CBF measurements in hemodialysis patients, where we found a lower CBF (54 ± 16
ml/(100 g-min)) compared to a group of healthy controls (95 ± 11 ml/(100 g-min)). We also report CHS
measurements of cerebral autoregulation, where a quantitative index of autoregulation (its cutoff frequency) was
found to be significantly greater in healthy subjects during hyperventilation (0.034 ± 0.005 Hz) than during
normal breathing (0.017 ± 0.002 Hz). We also present our approach to depth resolved CHS, based on multidistance, frequency-domain NIRS data and a two-layer diffusion model, to enhance sensitivity to cerebral tissue.
CHS offers a potentially powerful approach to the quantitative assessment and continuous monitoring of local
brain perfusion at the microcirculation level, with prospective brain mapping capabilities of research and clinical
significance.

115. Pagano et al. (2016). Improvement of sensitivity in continuous wave near infrared spectroscopy
systems by using silicon photomultipliers
Abstract: We experimentally analyze the signal-to-noise ratio of continuous wave (CW) near infrared
spectroscopy (NIRS) reflectance systems based on light emitting diodes and silicon photomultipliers for high
performance low cost NIRS biomedical systems. We show that under suitable experimental conditions such
systems exhibit a high SNR, which allows an SDS of 7 cm, to our knowledge the largest ever demonstrated in a
CW-NIRs system.

116. Gao et al. (2016). Shed a light in fatigue detection with near-infrared spectroscopy during longlasting driving
Abstract: Fatigue driving is one of the leading roles to induce traffic accident and injury, which urgently desires
a novel technique to monitor the fatigue level at driving. Functional near infrared spectroscopy (fNIRS) is
capable of noninvasive monitoring brain-activities-related hemodynamic responses. Here, we developed a fINRS
imager and setup a classic psychological experiment to trigger visual divided attention which varied responding
to driving fatigue, and attempted to record the drive-fatigue-level correlated hemodynamic response in the
prefrontal cortex. 7 volunteers were recruited to take 7 hours driving and the experimental test was repeated
every 1 hour and 8 times in total. The hemodynamic response were extracted and graphed with pseudo image.
The analysis on the relationship between the fNIRS-measured hemodynamic response and fatigue level finally
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displayed that the oxyhemoglobin concentration in one channel of left prefrontal lobe increased with driving
duration in significant correlation. And the spatial pattern of hemodynamic response in the prefrontal lobe
varied with driving duration as well. The findings indicated the potential of fNIRSmeasured hemodynamic index
in some sensitive spot of prefrontal lobe as a driving fatigue indicator and the promising use of fNIRS in traffic
safety field.

117. Ding et al. (2016). Optical topography guided semi-three-dimensional diffuse optical tomography
for a multi-layer model of occipital cortex: a pilot methodological study
Abstract: In this paper, an optical topography (OT) guided diffuse optical tomography (DOT) scheme is
developed for functional imaging of the occipital cortex. The method extends the previously proposed semi-threedimensional DOT methodology to reconstruction of two-dimensional extracerebral and cerebral images using a
visual cortex oriented five-layered slab geometry, and incorporate the OT localization regularization in the
cerebral reconstruction to achieve enhanced quantitative accuracy and spatial resolution. We validate the
methodology using simulated data and demonstrate its merits in comparison to the standalone OT and DOT.

118. Shen et al. (2016). Prefrontal Hemodynamic Functions during a Verbal Fluency Task in
Blepharospasm Using Multi-Channel NIRS
Abstract: Blepharospasm (BSP) has a morbidity of 16 to 133 per million and is characterized by orbicularis oculi
spasms. BSP can severely impact daily life. However, to date, its pathophysiology has not been clearly
demonstrated. Near-infrared spectroscopy (NIRS) is a portable, non-invasive, and high time resolution
apparatus used to measure cerebral blood flow. This study aimed to investigate the hemodynamic response
patterns of BSP patients and determine whether BSP alone can be an attributional factor to influence the
function of the prefrontal area using a verbal fluency task (VFT) and NIRS. Twenty-three BSP patients (10
males and 13 females) and 13 healthy controls (HC; five males and eight females) matched by gender and
education were examined using NIRS. BSP patients were divided into two groups based on the presence or
absence of depression and anxiety symptoms. A covariance analysis was conducted to analyze differences
between the three groups and reduce the influence of different ages and educational levels. Bonferroni was used
to process the post hoc test. The bilateral orbitofrontal area (ch36, 39, and 41; P<0.01) exhibited a lower
activation in BSP patients without psychiatric symptoms compared with HC. This study is the first report to
identify the prefrontal function in BSP using NIRS. Our findings indicate that BSP alone may cause a
hypoactive hemodynamic performance in the prefrontal cortex in the absence of psychiatric symptoms. These
findings provide evidence to support novel pathophysiological mechanisms of BSP.

119. Bagwell et al. (2016). Cerebral oximetry with blood volume index and capnography in intubated
and hyperventilated patients
Abstract: Objective: Hyperventilation-induced hypocapnia leads to cerebral vasoconstriction and hypoperfusion.
Intubated patients are often inadvertently hyperventilated during resuscitations, causing theoretical risk for
ischemic brain injury. Current emergency department monitoring systems do not detect these changes. The
purpose of this study was to determine if cerebral oximetry (rcSo2) with blood volume index (CBVI) would detect
hypocapnia-induced cerebral tissue hypoxia and hypoperfusion.
Methods: Patients requiring mechanical ventilation underwent end-tidal CO2 (ETco2), rcSo2, and CBVI
monitoring. Baseline data was analyzed and then the effect of varying ETco2 on rcSo2 and CBVI readings was
analyzed. Median rcSo2 and CBVI values were compared when above and below the ETco2 30 mmHg threshold.
Subgroup analysis and descriptive statistics were also calculated.
Results: Thirty-two patients with neurologic emergencies and potential increased intracranial pressure were
included. Age ranged from 6 days to 15 years (mean age, 3.1 years; SD, 3.9 years; median age, 1.5 years: 0.4643
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4.94 years). Diagnoses included bacterial meningitis, viral meningitis, and seizures. ETco2 crossed 30 mm Hg 80
times. Median left and right rcSO2 when ETCO2 was below 30 mmhg was 40.98 (35.3, 45.04) and 39.84 (34.64,
41) respectively. Median left and right CBVI when ETCO2 was below 30 mmhg was -24.86 (-29.92, -19.71) and 22.74 (-27.23, - 13.55) respectively. Median left and right CBVI when ETCO2 was below 30 mmHg was −24.86
(−29.92, −19.71) and −22.74 (−27.23, −13.55) respectively. Median left and right rcSO2 when ETCO2 was above
30 mmHg was 63.53 (61.41, 66.92) and 63.95 (60.23, 67.58) respectively. Median left and right CBVI when
ETCO2 was above 30 mmHg was 12.26 (0.97, 20.16) and 8.11 (−0.2, 21.09) respectively. Median duration ETco2
was below 30 mmHg was 17.9 minutes (11.4, 26.59). Each time ETco2 fell below the threshold, there was a
significant decrease in rcSo2 and CBVI consistent with decreased cerebral blood flow. While left and right rcSO2
and CBVI decreased quickly once ETCO2 was below 30 mmHg, increase once ETCO2 was above 30 mmHg was
much slower.
Conclusion: This preliminary study has demonstrated the ability of rcSo2 with CBVI to noninvasively detect the
real-time effects of excessive hyperventilation producing ETco2 < 30 mmHg on cerebral physiology in an
emergency department. We have demonstrated in patients with suspected increased intracranial pressure that
ETco2 < 30 mmHg causes a significant decrease in cerebral blood flow and regional tissue oxygenation.

120. Navaratnam et al. (2016). Exercise-Induced Systemic Venous Hypertension in the Fontan
Circulation
Abstract: Increasingly end-organ injury is being demonstrated late after institution of the Fontan circulation,
particularly liver fibrosis and cirrhosis. The exact mechanisms for these late phenomena remain largely elusive.
Hypothesizing that exercise induces precipitous systemic venous hypertension and insufficient cardiac output for
the exercise demand, that is, a possible mechanism for end-organ injury, we sought to demonstrate the dynamic
exercise responses in systemic venous perfusion (SVP) and concurrent end-organ perfusion. Ten stable Fontan
patients and 9 control subjects underwent incremental cycle ergometry–based cardiopulmonary exercise testing.
SVP was monitored in the right upper limb, and regional tissue oxygen saturation was monitored in the brain
and kidney using near-infrared spectroscopy. SVP rose profoundly in concert with workload in the Fontan group,
described by the regression equation 15.97 + 0.073 watts per mm Hg. In contrast, SVP did not change in healthy
controls. Regional renal (p <0.01) and cerebral tissue saturations (p <0.001) were significantly lower and
decrease more rapidly in Fontan patients. We conclude that in a stable group of adult patients with Fontan
circulation, high-intensity exercise was associated with systemic venous hypertension and reduced systemic
oxygen delivery. This physiological substrate has the potential to contribute to end-organ injury.

121. Pu et al. (2016). Social cognition and prefrontal hemodynamic responses during a working
memory task in schizophrenia
Abstract: Social cognition is an important determinant of functional impairment in schizophrenia, but its
relationship with the prefrontal functional abnormalities associated with the condition is still unclear. The
present study aimed to explore the relationship between social cognition and prefrontal function in patients with
schizophrenia using 52-channel near-infrared spectroscopy (NIRS). Twenty-six patients with schizophrenia and
26 age-, gender-, and intelligence quotient-matched healthy controls (HCs) participated in the study.
Hemodynamic responses in the prefrontal and superior temporal cortical regions were assessed during a working
memory task using NIRS. Social cognition was assessed using the Social Cognition Screening Questionnaire
(SCSQ). The observed hemodynamic responses were significantly reduced in the lateral prefrontal cortex (PFC),
the frontopolar cortex, and temporal regions in subjects with schizophrenia compared to HCs. Additionally,
lateral PFC hemodynamic responses assessed during the working memory task demonstrated a strong positive
correlation with the SCSQ theory of mind (ToM) subscale score even after controlling for working memory
performance. These results suggest that ToM integrity is closely related to lateral PFC functional abnormalities
found in patients with schizophrenia. In addition, this study provides evidence to suggest that NIRS could be
used to identify biomarkers of social cognition function in subjects with schizophrenia.
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122. Hirose et al. (2016). Relationship between regional cerebral blood volume and oxygenation and
blood pressure during spinal anesthesia in women undergoing cesarean section
Abstract: Purpose: During spinal anesthesia for cesarean section, cerebral oxygenation decreases may be
related to an abrupt drop in cerebral blood flow due to hypotension. We measured the changes in maternal
regional cerebral blood volume (rCBV) and oxygenation (rCBO) using near-infrared spectroscopy (NIRS) to
evaluate whether a decrease in arterial blood pressure during spinal anesthesia diminishes rCBV and rCBO.
Methods: Forty patients scheduled for elective cesarean section under spinal anesthesia were monitored for
mean arterial pressure (MAP), heart rate (HR), respiratory rate (RR), and concentrations of oxy-hemoglobin
(Hb), deoxy-Hb, total-Hb, and tissue oxygenation index (TOI), before spinal anesthesia (baseline) and for 20 min
after intrathecal injection of bupivacaine. We investigated changes in the values from baseline and evaluated
whether the maximum changes in total-Hb (Δ-total-Hb) and TOI (Δ-TOI) correlate with changes in MAP at the
same time point.
Results: The mean oxy-Hb, total-Hb, TOI, and MAP significantly decreased from baseline after intrathecal
injection of bupivacaine (P < 0.01). There were significant positive correlations between both Δ-total-Hb and ΔTOI and the decrease in MAP (Δ-total-Hb: r = 0.53, P < 0.01; Δ-TOI: r = 0.59, P < 0.01).
Conclusions
Maternal: rCBV and rCBO decrease significantly during spinal anesthesia for cesarean section. Reductions in
rCBV and rCBO may be associated with the severity of hypotension induced by subarachnoid sympathetic block
with bupivacaine.

123. Abdalmalak et al. (2016). Assessing the feasibility of time-resolved fNIRS to detect brain activity
during motor imagery
Abstract: Functional near-infrared spectroscopy (fNIRS) is a non-invasive optical technique for detecting brain
activity, which has been previously used during motor and motor executive tasks. There is an increasing interest
in using fNIRS as a brain computer interface (BCI) for patients who lack the physical, but not the mental, ability
to respond to commands. The goal of this study is to assess the feasibility of time-resolved fNIRS to detect brain
activity during motor imagery. Stability tests were conducted to ensure the temporal stability of the signal, and
motor imagery data were acquired on healthy subjects. The NIRS probes were placed on the scalp over the
premotor cortex (PMC) and supplementary motor area (SMA), as these areas are responsible for motion
planning. To confirm the fNIRS results, subjects underwent functional magnetic resonance imaging (fMRI) while
performing the same task. Seven subjects have participated to date, and significant activation in the SMA and/or
the PMC during motor imagery was detected by both fMRI and fNIRS in 4 of the 7 subjects. No activation was
detected by either technique in the remaining three participants, which was not unexpected due to the nature of
the task. The agreement between the two imaging modalities highlights the potential of fNIRS as a BCI, which
could be adapted for bedside studies of patients with disorders of consciousness.

124. Tellis & Tellis (2016). Using functional near infrared spectroscopy with fluent speakers to
determine haemoglobin changes in the brain during speech and non-speech tasks
Abstract: Technological advancements in the last 10 years have made near infrared (NIR) spectroscopy a
reliable and non-invasive optical method to assess haemoglobin changes in the brain. In this article, we report on
the use of NIR spectroscopy to obtain baseline measures of haemoglobin concentration changes with typically
fluent speakers for four tasks (silent reading, free speech, reading out loud and finger tapping).
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125. Clancy (2016). Improving the quantitative accuracy of cerebral oxygen saturation in monitoring
the injured brain using atlas based Near Infrared Spectroscopy models
Abstract: Purpose: Topical application of nonivamide–nicoboxil cream to resting legs has been shown to
enhance the level of oxygenated haemoglobin in leg muscles 15 min later. Here, we examined whether such
application improves the performance of experienced cyclists in a subsequent 4-km time-trial.
Methods: Nine male cyclists [26 ± 8 years; 176 ± 9 cm; 73.5 ± 12.8 kg; peak oxygen uptake: 50.7 ± 4.0 mL min−1
kg−1 (mean ± SD)] performed three 4-km time-trials on an ergometer with either topical application of
nonivamide–nicoboxil cream (CREAM) or cream without active components (SHAM) to both their thigh muscles
or no application (CONTROL).
Results: Only the skin temperature immediately before and after the time-trial was higher with cream than
SHAM and CONTROL (best p < 0.001, best d = 1.16). All other parameters evaluated, i.e., the average power
output during the time-trial (p > 0.05, best d = 0.08), the tissue saturation index of the m. vastus lateralis (p >
0.05, best d = 0.57), cardiac output, heart rate, oxygen uptake, blood lactate concentration, and perceived
exertion (p > 0.05, best d = 1.1) were similar under all three conditions.
Conclusions: Our present findings reveal that topical application of cream containing nonivamide and nicoboxil
to the thighs of cyclists prior to a 4-km time-trial does not improve their power output, saturation of the m.
vastus lateralis with oxygen, oxygen uptake, heart rate, cardiac parameters, or perceived level of exertion.

126. Wang (2016). Elucidation of the role of biological factors and device design in cerebral NIRS
using an in vivo hematoma model based on high-intensity focused ultrasound
Abstract: Near‐Infrared Spectroscopy (NIRS) is an emerging medical countermeasure for rapid, field detection
of hematomas caused by traumatic brain injury (TBI). Bench and animal tests to determine NIRS sensitivity
and specificity are needed. However, current animal models involving non-invasively induced, localized neural
damage are limited. We investigated an in vivo murine hematoma model in which cerebral hemorrhage was
induced noninvasively by high-intensity focused ultrasound (HIFU) with calibrated positioning and parameters.
To characterize the morphology of induced hematomas, we used skull-intact histological evaluation. A multiwavelength fiber-optic NIRS system with three source-detector separation distances was used to detect
hematoma A 1.1 MHz transducer produced consistent small-to-medium hematoma localized to a single
hemisphere, along with bruising of the scalp, with a low mortality rate. A 220 kHz transducer produced larger,
more diffuse hematomas, with higher variability in size and a correspondingly higher mortality rate. No skin
bruising or blood accumulation between the skin and skull was observed following injury application with the
220 kHz transducer. Histological analysis showed higher sensitivity for larger hematomas (>4x4 mm2). NIRS
optical density change after HIFU was able to detect all hematomas, with sensitivity dependent on wavelength
and separation distance. While improvements in methods for validating cerebral blood distribution are needed,
the HIFU hematoma model provided useful insights that will inform development of biologically relevant,
performance test methods for cerebral NIRS systems.

127. Adorni et al. (2016). Could fNIRS Promote Neuroscience Approach in Clinical Psychology?
Abstract: The purpose of the present commentary is to consider new perspectives of investigation methods used
in clinical psychology studies. We propose that functional Near-Infrared Spectroscopy (fNIRS) has several
important advantages over currently used methods. This technique opens the opportunity to transfer
psychophysiological evidences in clinical settings, for example to evaluate psychophysiological underpinnings of
depressive symptomatology. Indeed, fNIRS technology might be promisingly used to find out objective
biomarkers of relapse risk of depression after pharmacological and psychotherapeutic treatments.
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128. Vanassing et al. (2016). Potential brain language reorganization in a boy with refractory
epilepsy; an fNIRS–EEG and fMRI comparison
Abstract: As part of a presurgical investigation for a resection of a tumor located in the left temporal brain
region, we evaluated pre- and postsurgical language lateralization in a right-handed boy with refractory
epilepsy. In this study, we compared functional near infrared spectroscopy (fNIRS) results obtained while the
participant performed expressive and receptive language tasks with those obtained using functional magnetic
resonance imaging (fMRI). This case study illustrates the potential for NIRS to contribute favorably to the
localization of language functions in children with epilepsy and cognitive or behavioral problems and its
potential advantages over fMRI in presurgical assessment. Moreover, it suggests that fNIRS is sensitive in
localizing an atypical language network or potential brain reorganization related to epilepsy in young patients.

129. Rojas et al. (2016). NIRS-Based Cortical Activation Analysis by Temporal Cross Correlation
Abstract: In this study we present a method of signal processing to determine dominant channels in
near infrared spectroscopy (NIRS). To compare measuring channels and identify delays between them, cross
correlation is computed. Furthermore, to find out possible dominant channels, a visual inspection was
performed. The outcomes demonstrated that the visual inspection exhibited evoked-related activations in
the primary somatosensory cortex (S1) after stimulation which is consistent with comparable studies and
the cross correlation study discovered dominant channels on both cerebral hemispheres. The analysis also
showed a relationship between dominant channels and adjacent channels. For that reason, our results present a
new method to identify dominant regions in the cerebral cortex using near-infrared spectroscopy. These
findings have also implications in the decrease of channels by eliminating irrelevant channels for the
experiment.

130. Deng et al. (2016). Impact of Experimental Parameter Errors on Reconstructed Breast Images
Using Diffuse Optical Tomography
Abstract: Mesh based Monte Carlo simulations are used to generate transmission breast diffuse optical
tomography data. Controlled instrumental errors are then added to test the impact of data degradation on finite
element diffusion based image reconstructions.

131. Ren et al. (2016). Non-contact scanning diffuse optical tomography for three-dimensional
vascular imaging in a murine bone graft model
Abstract: A non-contact scanning diffuse optical tomography system was developed for monitoring
vascularization during bone graft healing in a murine femur model. Preliminary testing of the system using
tissue phantoms is presented.

132. Zhu et al. (2016). Assessment of Functional Differences in Malignant and Benign Breast Lesions
and Improvement of Diagnostic Accuracy by Using US-guided Diffuse Optical Tomography in
Conjunction with Conventional US
Abstract: Purpose. To investigate ultrasonography (US)-guided diffuse optical tomography to distinguish the
functional differences of hemoglobin concentrations in a wide range of malignant and benign breast lesions and
to improve breast cancer diagnosis in conjunction with conventional US. Materials and Methods. The study
protocol was approved by the institutional review boards and was HIPAA compliant. Written informed consent
was obtained from all patients. Patients (288 women; mean age, 50 years; range, 17–94 years) who underwent
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US-guided biopsy were imaged with a handheld US and optical probe. The US-imaged lesion was used to guide
reconstruction of light absorption maps at four wavelengths, and total hemoglobin (tHb), oxygenated hemoglobin
(oxyHb), and deoxygenated hemoglobin (deoxyHb) were computed from the absorption maps. A threshold (80
μmol/L) was chosen on the basis of this study population. Two radiologists retrospectively evaluated US images
on the basis of the US Breast Imaging Reporting and Data System lexicon, and a lesion was considered
malignant when a score of 4C or 5 was given or a lesion had tHb greater than 80 μmol/L. A two-sample t test was
used to calculate significance between groups, and Spearman ρ was computed between hemoglobin parameters
and tumor pathologic grades. Results. Three tumors were Tis, 37 were T1, 19 were T2–T4 carcinomas, and 233
were benign lesions. The mean maximum tHb, oxyHb, and deoxyHb of Tis–T1 and T2–T4 groups were 89.3
μmol/L ± 20.2 (standard deviation), 65.0 μmol/L ± 20.8, and 33.5 μmol/L ± 11.3, respectively, and 84.7 μmol/L ±
32.8, 57.1 μmol/L ± 19.8, and 34.7 μmol/L ± 18.9, respectively. The corresponding values of benign lesions were
54.1 μmol/L ± 23.5, 38.0 μmol/L ± 17.4, and 25.2 μmol/L ± 13.8, respectively. The mean maximum tHb, oxyHb,
and deoxyHb were significantly higher in the malignant groups than the benign group (P <.001, <.001, and .041,
respectively). For malignant lesions, the mean maximum tHb moderately correlated with tumor histologic grade
and nuclear grade (ρ = 0.283 and 0.315, respectively). The mean maximum oxyHb moderately correlated with
tumor nuclear grade (ρ = 0.267). When radiologists’ US diagnosis and the tHb were used together, the
sensitivity, specificity, positive predictive value, and negative predictive value were 96.6%–100%, 77.3%–83.3%,
52.7%–59.4%, and 99.0%–100%, respectively, for the combined malignant group. Conclusion The tHb and
oxyHb correlate with breast cancer pathologic grade and can be used as an adjunct to US to improve sensitivity
and negative predictive value in breast cancer diagnosis.

133. Zhu (2016). Sensitivity and Specificity of US-guided diffuse optical tomography in conjunction
with US
Abstract: The total and oxygenated-hemoglobin concentrations measured by Ultrasound-guided diffuse optical
tomography can be used as an adjunct to Ultrasound to improve sensitivity to 96.5-100% and negative
predictive value to 100% in breast cancer diagnosis.

134. Di Sieno et al. (2016). Toward noninvasive assessment of flap viability with time-resolved diffuse
optical tomography: a preclinical test on rats
Abstract: The noninvasive assessment of flap viability in autologous reconstruction surgery is still an unmet
clinical need. To cope with this problem, we developed a proof-of-principle fully automatized setup for fast timegated diffuse optical tomography exploiting Mellin–Laplace transform to obtain three-dimensional tomographic
reconstructions of oxy- and deoxy-hemoglobin concentrations. We applied this method to perform preclinical
tests on rats inducing total venous occlusion in the cutaneous abdominal flaps. Notwithstanding the use of just
four source-detector couples, we could detect a spatially localized increase of deoxyhemoglobin following the
occlusion (up to 550μM in 54 min). Such capability to image spatio-temporal evolution of blood perfusion is a key
issue for the noninvasive monitoring of flap viability.

135.

Singh et al. (2016). Integrated Near-infrared Diffuse Optical Imaging and Digital Breast
Tomography for monitoring compression induced hemodynamics in breast cancer patients

Abstract: We report preliminary results from our second generation diffuse optical imaging system integrated
with digital breast tomography. Specifically, we measure dynamic changes in breast blood volume of breast
cancer patient after applying compression.
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136. O'Connell et al. (2016). Computing Reduced Order Models via Inner-Outer Krylov Recycling in
Diffuse Optical Tomography
Abstract: In nonlinear imaging problems whose forward model is described by a partial differential equation
(PDE), the main computational bottleneck in solving the inverse problem is the need to solve many large-scale
discretized PDEs at each step of the optimization process. In the context of absorption imaging in diffuse optical
tomography, one approach to addressing this bottleneck proposed recently (de Sturler, et al, 2015) reformulates
the viewing of the forward problem as a differential algebraic system, and then employs model order reduction
(MOR). However, the construction of the reduced model requires the solution of several full order problems (i.e.
the full discretized PDE for multiple right-hand sides) to generate a candidate global basis. This step is then
followed by a rank-revealing factorization of the matrix containing the candidate basis in order to compress the
basis to a size suitable for constructing the reduced transfer function. The present paper addresses the costs
associated with the global basis approximation in two ways. First, we use the structure of the matrix to rewrite
the full order transfer function, and corresponding derivatives, such that the full order systems to be solved are
symmetric (positive definite in the zero frequency case). Then we apply MOR to the new formulation of the
problem. Second, we give an approach to computing the global basis approximation dynamically as the full order
systems are solved. In this phase, only the incrementally new, relevant information is added to the existing
global basis, and redundant information is not computed. This new approach is achieved by an inner-outer
Krylov recycling approach which has potential use in other applications as well. We show the value of the new
approach to approximate global basis computation on two DOT absorption image reconstruction problems.

137. Eggebrecht et al. (2016). Imaging Brain Function in Children with Autism Spectrum Disorder
with Diffuse Optical Tomography
Abstract: We present a feasibility study on applying diffuse optical tomography to school-aged children with
autism. Feasibility is tested via assessments of raw data quality and functional activations to language
processing and social-perception paradigms.

138. Jiang et al. (2016). Pre-treatment breast MRI and diffuse optical spectroscopic tomography can
predict complete response to neoadjuvant chemotherapy
Abstract: Analysis of breast DCE-MR and NIR tomography imaging of 17 NAC patients showed combined preTX contrast intensity and HbT were statistically significant in differentiating the patients with versus without
complete pathological response (AUC=0.94).

139. Dong et al. (2016). Ultrasonography guided diffuse optical tomography for noninvasive
monitoring of breast cancer during neoadjuvant chemotherapy
Abstract: Less costly and noninvasive imaging technique is valuable for the diagnosis of breast cancer and
monitoring the treatment. This study aimed to evaluate the application of ultrasonography guided diffuse optical
tomography (US-DOT) in monitoring tumor response to neoadjuvant chemotherapy (NAC) in breast cancer
patients. We prospectively evaluated 90 patients with breast cancer. All patients underwent surgery after NAC.
Ninety patients were scanned with US-DOT prior to, during, and at the completion of NAC. Total hemoglobin
concentration (THC) and tumor diameter were measured by US-DOT. Tumor response was assessed using the
Miller-Payer system. All 90 patients completed the whole NAC cycles, 20 (20%) patients showed complete
disappearance of all cancerous tissue (Grade 5). Only 3 (3.44%) patients had no pathological response (Grade 1).
The other 67 (76.56%) patients showed varying degrees of necrosis of cancerous tissue (Grade 2-4). The tumor
diameter and THC value decreased during NAC. Tumor diameter correlated significantly with THC value of
breast cancers (R=0.6). After four or six cycles of NAC, the relative variation rates (RVRs) of THC values were
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significantly different among the grades (P < 0.05), but THC values had no difference in three chemotherapy
regimens. In conclusion, US-DOT is a powerful technique to monitor tumor response during NAC.

140. Kim et al. (2016). US-localized diffuse optical tomography in breast cancer: comparison with
pharmacokinetic parameters of DCE-MRI and with pathologic biomarkers
Abstract: Background. To correlate parameters of Ultrasonography-guided Diffuse optical tomography (USDOT) with pharmacokinetic features of Dynamic contrast-enhanced (DCE)-MRI and pathologic markers of
breast cancer. Methods. Our institutional review board approved this retrospective study and waived the
requirement for informed consent. Thirty seven breast cancer patients received US-DOT and DCE-MRI with less
than two weeks in between imaging sessions. The maximal total hemoglobin concentration (THC) measured by
US-DOT was correlated with DCE-MRI pharmacokinetic parameters, which included K trans , k ep and signal
enhancement ratio (SER). These imaging parameters were also correlated with the pathologic biomarkers of
breast cancer. Results. The parameters THC and SER showed marginal positive correlation (r = 0.303,
p = 0.058). Tumors with high histological grade, negative ER, and higher Ki-67 expression ≥20 % showed
statistically higher THC values compared to their counterparts (p = 0.019, 0.041, and 0.023 respectively). Triplenegative (TN) breast cancers showed statistically higher K trans values than non-TN cancers (p = 0.048).
Conclusion. THC obtained from US-DOT and K trans obtained from DCE-MRI were associated with biomarkers
indicative of a higher aggressiveness in breast cancer. Although US-DOT and DCE-MRI both measured the
vascular properties of breast cancer, parameters from the two imaging modalities showed a weak association
presumably due to their different contrast mechanisms and depth sensitivities.

141. Kwong et al. (2016). Diffuse optical tomography with structured-light patterns to quantify breast
density
Abstract: Breast density is an independent risk factor for breast cancer, where women with denser breasts are
more likely to develop cancer. By identifying women at higher risk, healthcare providers can suggest screening
at a younger age to effectively diagnose and treat breast cancer in its earlier stages. Clinical risk assessment
models currently do not incorporate breast density, despite its strong correlation with breast cancer. Current
methods to measure breast density rely on mammography and MRI, both of which may be difficult to use as a
routine risk assessment tool. We propose to use diffuse optical tomography with structured-light to measure the
dense, fibroglandular (FGT) tissue volume, which has a different chromophore signature than the surrounding
adipose tissue. To test the ability of this technique, we performed simulations by creating numerical breast
phantoms from segmented breast MR images. We looked at two different cases, one with a centralized FGT
distribution and one with a dispersed distribution. As expected, the water and lipid volumes segmented at halfmaximum were overestimated for the dispersed case. However, it was noticed that the recovered water and lipid
concentrations were lower and higher, respectively, than the centralized case. This information may provide
insight into the morphological distribution of the FGT and can be a correction in estimating the breast density.

142. Sabir et al. (2016). Adaptive selection of minimally correlated data for optimization of sourcedetector configuration in diffuse optical tomography
Abstract: The optimization of experimental design prior to deployment, not only for cost effective solution but
also for computationally efficient image reconstruction has taken up for this study. We implemented the
iterative method also known as effective independence (EFI) method for optimization of source/detector pair
configuration. The notion behind for adaptive selection of minimally correlated measurements was to evaluate
the information content passed by each measurement for estimation of unknown parameter. The EFI method
actually ranks measurements according to their contribution to the linear independence of unknown parameter
basis. Typically, to improve the solvability of ill conditioned system, regularization parameter is added, which
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may affect the source/detector selection configuration. We show that the source/detector pairs selected by EFI
method were least prone to vary with sub optimal regularization value. Moreover, through series of simulation
studies we also confirmed that sparse source/detector pair measurements selected by EFI method offered similar
results in comparison with the dense measurement configuration for unknown parameters qualitatively as well
as quantitatively. Additionally, EFI method also allow us to incorporate the prior knowledge, extracted in
multimodality imaging cases, to design source/detector configuration sensitive to specific region of interest. The
source/detector ranking method was further analyzed to derive the automatic cut off number for iterative
scheme.

143. Deng et al. (2016). Characterization of Breast Lesions Using Structural Prior Guided Optical
Tomography on the Realistic Breast Model-DigiBreast
Abstract: Structural prior guided optical image reconstruction algorithm is used to characterize the impact of
lesion size, contrast, tissue background, prior accuracy, etc., on the recovery of breast tumor using multimodal
DOT/x-ray simulations on DigiBreast.

144. Bhowmik et al. (2016). Dimensionality Reduction Based Optimization Algorithm for Sparse 3-D
Image Reconstruction in Diffuse Optical Tomography
Abstract: Diffuse optical tomography (DOT) is a relatively low cost and portable imaging modality for
reconstruction of optical properties in a highly scattering medium, such as human tissue. The inverse problem in
DOT is highly ill-posed, making reconstruction of high-quality image a critical challenge. Because of the nature
of sparsity in DOT, sparsity regularization has been utilized to achieve high-quality DOT reconstruction.
However, conventional approaches using sparse optimization are computationally expensive and have no
selection criteria to optimize the regularization parameter. In this paper, a novel algorithm, Dimensionality
Reduction based Optimization for DOT (DRO-DOT), is proposed. It reduces the dimensionality of the inverse
DOT problem by reducing the number of unknowns in two steps and thereby makes the overall process fast.
First, it constructs a low resolution voxel basis based on the sensing-matrix properties to find an image support.
Second, it reconstructs the sparse image inside this support. To compensate for the reduced sensitivity with
increasing depth, depth compensation is incorporated in DRO-DOT. An efficient method to optimally select the
regularization parameter is proposed for obtaining a high-quality DOT image. DRO-DOT is also able to
reconstruct high-resolution images even with a limited number of optodes in a spatially limited imaging set-up.

145. Ding et al. (2016). Optical topography guided semi-three-dimensional diffuse optical tomography
for a multi-layer model of occipital cortex: a pilot methodological study
Abstract: In this paper, an optical topography (OT) guided diffuse optical tomography (DOT) scheme is
developed for functional imaging of the occipital cortex. The method extends the previously proposed semi-threedimensional DOT methodology to reconstruction of two-dimensional extracerebral and cerebral images using a
visual cortex oriented five-layered slab geometry, and incorporate the OT localization regularization in the
cerebral reconstruction to achieve enhanced quantitative accuracy and spatial resolution. We validate the
methodology using simulated data and demonstrate its merits in comparison to the standalone OT and DOT.

146. Tamminen et al. (2016). The D-bar Method for Diffuse Optical Tomography: a computational
study
Abstract: The D-bar method at negative energy is numerically implemented. Using the method we are able to
numerically reconstruct potentials and investigate exceptional points at negative energy. Subsequently, applying
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the method to Diffusive Optical Tomography, a new way of reconstructing the diffusion coefficient from the
associated Complex Geometrics Optics solution is suggested and numerically validated.

147.
Chiarelli et al. (2016). Combining energy and Laplacian regularization to accurately
retrieve the depth of brain activity of diffuse optical tomographic data
Abstract: Diffuse optical tomography (DOT) provides data about brain function using surface recordings.
Despite recent advancements, an unbiased method for estimating the depth of absorption changes and for
providing an accurate three-dimensional (3-D) reconstruction remains elusive. DOT involves solving an ill-posed
inverse problem, requiring additional criteria for finding unique solutions. The most commonly used criterion is
energy minimization (energy constraint). However, as measurements are taken from only one side of the
medium (the scalp) and sensitivity is greater at shallow depths, the energy constraint leads to solutions that
tend to be small and superficial. To correct for this bias, we combine the energy constraint with another
criterion, minimization of spatial derivatives (Laplacian constraint, also used in low resolution electromagnetic
tomography, LORETA). Used in isolation, the Laplacian constraint leads to solutions that tend to be large and
deep. Using simulated, phantom, and actual brain activation data, we show that combining these two criteria
results in accurate (error <2mm) absorption depth estimates, while maintaining a two-point spatial resolution of
<24mm up to a depth of 30 mm. This indicates that accurate 3-D reconstruction of brain activity up to 30 mm
from the scalp can be obtained with DOT.

148. Vavadi et al. (2016). Automated Data Selection Method for Diffuse Optical Tomography to
Improve the Robustness of Breast Cancer Detection
Abstract: In this paper, a method of outlier removal and data selection for ultrasound-guided diffuse optical
tomography is introduced. The algorithm uses multiple datasets to compose a single robust dataset based on
statistical analysis.

149. Chen et al. (2016). Lock-in-photon-counting-based highly-sensitive and large-dynamic imaging
system for continuous-wave diffuse optical tomography
Abstract: We implemented a novel lock-in photon-counting detection architecture that combines the ultra-high
sensitivity of the photon-counting detection and the measurement parallelism of the lock-in technique. Based on
this technique, a dual-wavelength simultaneous measurement continuous wave diffuse optical tomography
system was developed with a configuration of 16 sources and 16 detectors that works in a tandem serial-toparallel fashion. Methodology validation and performance assessment of the system were conducted using
phantom experiments that demonstrate excellent measurement linearity, moderate-term system stability,
robustness to noise and negligible inter-wavelength crosstalk. 2-D imaging experiments further validate high
sensitivity of the lock-in photon-counting methodology as well as high reliability of the proposed system. The
advanced detection principle can be adapted to achieving a fully parallelized instrumentation for the extended
applications.

150. Patra et al. (2016). Parametric Reconstruction of Diffuse Optical Tomography using Gaussian
Mixture Model and Genetic Algorithm
Abstract: The inverse problem of diffused optical tomography is highly ill-posed as well as often nonunique and
unstable. The ill-posedness can be reduced by reducing the number of unknown values (e.g., adding soft or hardprior constraints). In this paper, this has been achieved by parameterization of the tissue optical properties. The
optical parameters of the tissue have been modeled by a Gaussian mixture model (GMM) of eight components,
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and the image is reconstructed by estimating the parameters of the mixture model. Therefore, the number of
unknowns is drastically reduced while maintaining some amount of generality by using an 8 component GMM.
Unlike conventional GMM, the parameters are estimated using the Genetic algorithm in a multi-step predictorcorrector model. A new cost function is proposed using mean square error and asymmetry measurement of
detected intensity. Object centroid error, structural similarity index, maximum error and normalized root mean
squared error of reconstructed absorption coefficients are evaluated for performance assessment and comparison.
Extensive numerical and experimental results have been illustrated to show the potential of the proposed
method. Use of CW (continuous wave) measurement and single imaging modality make the system cost effective
and portable.

151. Althobaiti et al. (2016). Evaluation of a Dual-Mesh for Reconstruction of Diffuse Optical
Tomography using NIRFAST
Abstract: Diffuse Optical Tomography reconstruction is divided into coarse mesh for background region and
finer mesh for target region using NIRFAST. The results show the spatial resolution of the reconstructed images
and target shape are improved.

152. Dubot et al. (2016). Determination of space-dependent radiative properties in diffuse optical
tomography using a wavelet multi-scale method
Abstract: This paper deals with the estimation of radiative property distributions of participating media from a
set of light sources and sensors located on the boundaries of a medium. This is the so-called diffuse optical
tomography problem. Such a non-linear ill-posed inverse problem is solved through the minimization of a cost
function which depends on the discrepancy, in a least-square sense, between some measurements and associated
predictions. In the present case, predictions are based on the diffuse approximation model in the frequency
domain while the optimization problem is solved by the L-BFGS algorithm. To cope with the local convergence
property of the optimizer and the presence of numerous local minima in the cost function, a wavelet multi-scale
method associated with the L-BFGS method is designed.

153. Wang et al. (2016). Diffuse optical tomography based on multiple access coding
Abstract: Diffuse optical tomography (DOT) has the advantages of being a non-invasive, non-radiation emitting
and low-cost biological tissue imaging method, and many recent studies have employed this technology. By
improving the spatial resolution and developing a new method for constantly improving the flexibility of the
experimental device, the system can perform data acquisition rapidly and conveniently. We propose a method for
rapid data acquisition based on multiple access coding; it can acquire data in parallel, and the system can
greatly improve the temporal resolution of the data acquisition step in diffuse optical tomography thereafter. We
simulate the encoding and decoding process of the source–detector pair and successfully isolate the source signal
from mixed signals. The DOT image reconstruction highlight the effectiveness of the system.

154. Naser (2016). Improving the reconstruction image contrast of time-domain diffuse optical
tomography using high accuracy Jacobian matrix
Abstract: An algorithm for time-domain diffuse optical tomography using a high accuracy Jacobian matrix has
been developed. The Jacobian matrix has been calculated using a new direct method that uses two finite element
meshes of different sizes. A low density mesh has been used for the inverse calculations where the tissue optical
properties are reconstructed at its nodes' locations. The second mesh has a bigger size and is used to calculate
the high accuracy light fluence rates and the Jacobian matrix. The high accuracy light fluence is interpolated to
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obtain its values at the nodes of the low density mesh and at the detectors' locations. The high accuracy Jacobian
matrix at the nodes of the low density mesh are obtained by integrating the Jacobian calculated using the high
density mesh. The integration of the Jacobian using the proposed method does not require calculating the
Jacobian explicitly at all nodes of the high density mesh which is inefficient in memory requirement and
computation speed. The improvement of the Jacobian accuracy while using a low density mesh for the inverse
calculations improves the reconstructed image contrast and the computation speed. The optical properties are
reconstructed in a region of interest by solving iteratively a self-regularized minimization problem. The
minimization problem uses the calculated Jacobian and the light fluence at precisely selected points on the
temporal profile of each source-detector pair for the reconstruction. The algorithm has been applied to a threedimensional model of a neonatal brain and to a three-dimensional model of the mouse for a small animal model.
The reconstruction results by the proposed method have been compared with the results using a single mesh for
the Jacobian calculations. The effect of using different sizes of the low density mesh for the inverse calculations
on the image contrast has been reported.

155. Baikejiang (2016). CT guided diffuse optical tomography for breast cancer imaging
Abstract: Diffuse optical tomography (DOT) has attracted attentions in the last two decades due to its intrinsic
sensitivity in imaging chromophores of tissues such as blood, water, and lipid. However, DOT has not been
clinically accepted yet due to its low spatial resolution caused by strong optical scattering in tissues. Structural
guidance provided by an anatomical imaging modality enhances the DOT imaging substantially. Here, we
propose a computed tomography (CT) guided multispectral DOT imaging system for breast cancer detection. To
validate its feasibility, we have built a prototype DOT imaging system which consists of a laser at wavelengths of
650 and an electron multiplying charge coupled device (EMCCD) camera. We have validated the CT guided DOT
reconstruction algorithms with numerical simulations and phantom experiments, in which different imaging
setup parameters, such as projection number of measurements, the width of measurement patch, have been
investigated. Our results indicate that an EMCCD camera with air cooling is good enough for the transmission
mode DOT imaging. We have also found that measurements at six projections are sufficient for DOT to
reconstruct the optical targets with 4 times absorption contrast when the CT guidance is applied. Finally, we
report our effort and progress on the integration of the multispectral DOT imaging system into a breast CT
scanner.

156. Bérubé-Lauzière et al. (2016). Prospects on Time-Domain Diffuse Optical Tomography Based on
Time-Correlated Single Photon Counting for Small Animal Imaging
Abstract: This paper discusses instrumentation based on multiview parallel high temporal resolution (<50 ps)
time-domain (TD) measurements for diffuse optical tomography (DOT) and a prospective view on the steps to
undertake as regards such instrumentation to make TD-DOT a viable technology for small animal molecular
imaging. TD measurements provide information-richest data, and we briefly review the interaction of light with
biological tissues to provide an understanding of this. This data richness is yet to be exploited to its full potential
to increase the spatial resolution of DOT imaging and to allow probing, via the fluorescence lifetime, tissue
biochemical parameters, and processes that are otherwise not accessible in fluorescence DOT. TD data
acquisition time is, however, the main factor that currently compromises the viability of TD-DOT. Current high
temporal resolution TD-DOT scanners simply do not integrate sufficient detection channels. Based on our past
experience in developing TD-DOT instrumentation, we review and discuss promising technologies to overcome
this difficulty. These are single photon avalanche diode (SPAD) detectors and fully parallel highly integrated
electronics for time-correlated single photon counting (TCSPC). We present experimental results obtained with
such technologies demonstrating the feasibility of next-generation multiview TD-DOT therewith.
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157. Machida et al. (2016). Radiative transport and optical tomography with large datasets
Abstract: We consider the inverse problem of optical tomography in the radiative transport regime. We report
numerical tests of a direct reconstruction method that is suitable for use with large datasets. Reconstructions of
experimental data obtained from a noncontact optical tomography system are also reported.

158. Wang et al. (2016). Towards improved image reconstruction in breast diffuse optical tomography
using compressed sensing: a comparative study among Lp (0≤ p≤ 2) sparsity regularizations
Abstract: The underdeterminedness of the inverse problems encountered in diffuse optical tomography (DOT)
becomes especially severe when detecting breast cancers, because much more variables are needed to be
reconstructed due to the big-size. With the addition of ill-condition caused by the diffusive nature of light
propagation, the ill-posedness makes it very difficult to improve the image reconstruction. Fortunately, from the
anatomy viewpoint, we have known that the cancer is distributed locally and only amounts to a small percentage
of the whole breast. This makes it possible to employ the compressive sensing theory to mitigate the illposedness, based on the prior knowledge about the sparsity of the signal to be reconstructed. Specifically
speaking, sparsity regularizations can be used in DOT to improve the image reconstruction under the premise
that un-increase the number of measurements required in the reconstruction. In this paper, we primarily focus
on comparing the performances of different kinds of Lp-norm-based regularizations in terms of theory and real
effects, respectively. The numerical and phantom experiments have proven that the sparsity regularizations can
dramatically improve the image reconstruction. Furthermore, as the p in the Lp-norm decreasing to zero, the
solutions become sparser and the corresponding image quality gets higher, with smooth L0-norm-based
regularization providing the highest image quality.

159. Potlov et al. (2016). Localization of inhomogeneities in diffuse optical tomography based on late
arriving photons
Abstract: An algorithm for localizing inhomogeneities in pulsed diffuse optical tomography is proposed and
implemented. A distinctive feature of this technique is the formation of an initial approximation to the spatial
distributions of the absorption and scattering coefficients in a biomedical object under study based on the angledependent homogeneity index, HI(a). The method allows one to determine the approximate optical structure of
the object using late arriving photons and thus solve more rapidly the inverse problem. The suggestion that all
absorbing and scattering inhomogeneities in an object under study are spherical also simplifies and enhances
image reconstruction.

160. Ueda et al. (2016). Near-infrared diffuse optical imaging for early prediction of breast cancer
response to neoadjuvant chemotherapy: a comparative study using FDG-PET/CT
Abstract: Purpose: Diffuse optical spectroscopic imaging (DOSI) is used as an indicator of tumor blood volume
quantified by tissue hemoglobin concentrations. We aimed to determine whether early changes in tumor total
hemoglobin (tHb) concentration can predict a pathological complete response (pCR) to neoadjuvant
chemotherapy (NAC) in patients with operable breast cancer, and we compared the predictive value of pCR
between DOSI and 2-deoxy-2-18F-fluoro-D-glucose (FDG) positron emission tomography (PET) combined with
computed tomography (CT). Methods: Of the 100 patients enrolled, 84 patients were prospectively evaluated for
primary objective analysis. Sixty four of the patients underwent both sequential DOSI scans at baseline after
their first and second chemotherapy courses and FDG-PET/CT at baseline and after their second chemotherapy
course. The mean tHb (tHbmean) concentration and maximum standardized uptake values (SUV max) of the
lesion were measured using DOSI and FDG-PET/CT, respectively, and the percentage change in tHbmean
(∆tHbmean) and change in SUVmax (∆SUVmax) were calculated. We compared the diagnostic performances of
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DOSI and FDG-PET/CT for predicting pCR via the analysis of the receiver operating characteristic curves.
Results: pCR was achieved in 16 patients, and NAC caused a significant reduction of ∆tHbmean in pCR
compared with non-pCR after the two chemotherapy courses. Using the tentative ∆tHbmean cutoff values after
the first and second courses, the ability to predict pCR was as follows: sensitivity 81.2%, specificity 47.0% and
sensitivity 93.7%, specificity 47.7%, respectively. Comparison of the diagnostic performances of DOSI and FDGPET/CT revealed areas under the curve (AUCs) of 0.69 and 0.75 of ∆tHbmean after the first and second courses,
respectively, which were lower than those of ∆SUV max (0.90). Conclusion: DOSI predicted pCR in patients with
breast cancer with moderate accuracy. The diagnostic performance of DOSI was inferior to that of the early
metabolic response as monitored by FDG-PET/CT.

161. Di Sieno et al. (2016). Characterization of a time-resolved non-contact scanning diffuse optical
imaging system exploiting fast-gated single-photon avalanche diode detection
Abstract: We present a system for non-contact time-resolved diffuse reflectance imaging, based on small sourcedetector distance and high dynamic range measurements utilizing a fast-gated single-photon avalanche diode.
The system is suitable for imaging of diffusive media without any contact with the sample and with a spatial
resolution of about 1 cm at 1 cm depth. In order to objectively assess its performances, we adopted two
standardized protocols developed for time-domain brainimagers. The related tests included the recording of the
instrument response function of the setup and the responsivity of its detection system. Moreover, by using liquid
turbid phantoms with absorbing inclusions, depth-dependent contrast and contrast-to-noise ratio as well as
lateral spatial resolution were measured. To illustrate the potentialities of the novel approach, the
characteristics of the non-contact system are discussed and compared to those of a fiber-based brainimager.

162. Yao et al. (2016). Simultaneously reconstruction of absorption and scattering coefficients with
zero cross-talk and in high resolution
Abstract: A new tomographic imaging method using concurrently measured time-resolved photoacoustic and
optical data is presented. This method can provide the images of both absorption and scattering coefficients with
zero cross-talk and in high resolution.

163. Saikia et al. (2016). Region-of-interest diffuse optical tomography system
Abstract: Diffuse optical tomography (DOT) using near-infrared light is a promising tool for non-invasive
imaging of deep tissue. This technique is capable of quantitative reconstruction of absorption (μa) and scattering
coefficient (μs) inhomogeneities in the tissue. The rationale for reconstructing the optical property map is that
the absorption coefficient variation provides diagnostic information about metabolic and disease states of the
tissue. The aim of DOT is to reconstruct the internal tissue cross section with good spatial resolution and
contrast from noisy measurements non-invasively. We develop a region-of-interest scanning system based on
DOT principles. Modulated light is injected into the phantom/tissue through one of the four light emitting diode
sources. The light traversing through the tissue gets partially absorbed and scattered multiple times. The
intensity and phase of the exiting light are measured using a set of photodetectors. The light transport through a
tissue is diffusive in nature and is modeled using radiative transfer equation. However, a simplified model based
on diffusion equation (DE) can be used if the system satisfies following conditions: (a) the optical parameter of
the inhomogeneity is close to the optical property of the background, and (b) μs of the medium is much greater
than μa (μs > > μa). The light transport through a highly scatteringt issue satisfies both of these conditions. A
discrete version of DE based on finite element method is used for solving the inverse problem. The depth of
probing light inside the tissue depends on the wavelength of light, absorption, and scattering coefficients of the
medium and the separation between the source and detector locations. Extensive simulation studies have been
carried out and the results are validated using two sets of experimental measurements. The utility of the system
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can be further improved by using multiple wavelength light sources. In such a scheme, the spectroscopic
variation of absorption coefficient in the tissue can be used to arrive at the oxygenation changes in the tissue.

164. Chen et al. (2016). Diffuse optical imaging through incorporating structural information into
edge-preserving regularization
Abstract: Diffuse optical imaging (DOI) is emerging as a new functional imaging modality that can be used for
breast cancer screening. Due to the ill-posed inverse problem for DOI image reconstruction, regularization is
essential to remedy such a drawback. In our previous study, we have successfully implemented edge-preserving
regularization into image reconstruction algorithm for improving the reconstructed images. In this study, we
incorporate additional anatomical image, which can be obtained from other imaging modality such as
mammography or magnetic resonance imaging, although showing no tumor information, into edge-preserving
regularization for further improving the reconstructed images. Reconstruction results show that the quality of
reconstructed images can be significantly improved.

165. Zhao et al. (2016). Normal subject breast imaging with a portable near infrared tomographic
imaging system
Abstract: A portable hybrid frequency domain (FD) - continuous wave (CW) Near-Infrared spectroscopy system
has been developed for breast imaging. Physiologically reasonable values of chromophore concentrations were
recovered for normal subject measurements.

166. Chen et al. (2016). Comparisons of diffuse optical imaging between direct-current and
amplitude-modulation instrumentations
Abstract: Breast tissues like fatty and fibroglandular ones are adipose mainly and possess high scattering
nature, so that they diffuse and make the light approximately uniformly distribute over the measured crosssection besides absorbing to reduce the light intensity. Strong cause-and-effect relationships exist between
absorption and intensity decay, and between scattering and phase delay as well. Thereby in a diffuse optical
imaging system it is a general practice to estimate absorption coefficients from the measured intensity since it
reflects most of the absorption property. This study aims to illustrate that both μ a and μ s ′ images of breast can
be reconstructed by only direct-current data reliably to a certain extent. Varied sets of phantom design with
assigned absorption/scattering properties for inclusion and background were synthesized and image
reconstructed to demonstrate this perspective. Moreover, we employed a slab-type diffuse optical imaging system
with a dual-direction direct-current NIR measurement module, where reconstructed images were compared
between with and without reflectance NIR data.

167. Nouizi et al. (2016). Experimental validation of a high-resolution diffuse optical imaging
modality: photomagnetic imaging
Abstract: We present experimental results that validate our imaging technique termed photomagnetic imaging
(PMI). PMI illuminates the medium under investigation with a near-infrared light and measures the induced
temperature increase using magnetic resonance imaging. A multiphysics solver combining light and heat
propagation is used to model spatiotemporal distribution of temperature increase. Furthermore, a dedicated PMI
reconstruction algorithm has been developed to reveal high-resolution optical absorption maps from temperature
measurements. Being able to perform measurements at any point within the medium, PMI overcomes the
limitations of conventional diffuse optical imaging. We present experimental results obtained on agarose
phantoms mimicking biological tissue with inclusions having either different sizes or absorption contrasts,
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located at various depths. The reconstructed images show that PMI can successfully resolve these inclusions
with high resolution and recover their absorption coefficient with high-quantitative accuracy. Even a 1-mm
inclusion located 6-mm deep is recovered successfully and its absorption coefficient is underestimated by only
32%. The improved PMI system presented here successfully operates under the maximum skin exposure limits
defined by the American National Standards Institute, which opens up the exciting possibility of its future
clinical use for diagnostic purposes.

168. Sakakibara et al. (2016). Evaluation of improvement of diffuse optical imaging of brain function
by high-density probe arrangements and imaging algorithms
Abstract: Diffuse optical imaging has been applied to measure the localized hemodynamic responses to brain
activation. One of the serious problems with diffuse optical imaging is the limitation of the spatial resolution
caused by the sparse probe arrangement and broadened spatial sensitivity profile for each probe pair. Highdensity probe arrangements and an image reconstruction algorithm considering the broadening of the spatial
sensitivity can improve the spatial resolution of the image. In this study, the diffuse optical imaging of the
absorption change in the brain is simulated to evaluate the effect of the high-density probe arrangements and
imaging methods. The localization error, equivalent full-width half maximum and circularity of the absorption
change in the image obtained by the mapping and reconstruction methods from the data measured by five probe
arrangements are compared to quantitatively evaluate the imaging methods and probe arrangements. The
simple mapping method is sufficient for the density of the measurement points up to the double-density probe
arrangement. The image reconstruction method considering the broadening of the spatial sensitivity of the probe
pairs can effectively improve the spatial resolution of the image obtained from the probe arrangements higher
than the quadruple density, in which the distance between the neighboring measurement points is 10.6 mm.

169. Maheswari et al. (2016). Performance Analysis of Reconstruction Algorithms in Diffuse Optical
Tomography
Abstract: Diffuse Optical Tomography (DOT) is a non-invasive imaging modality used in clinical diagnosis for
earlier detection of carcinoma cells in brain tissue. It is a form of optical tomography which produces gives the
reconstructed image of a human soft tissue with by using near-infra-red light. It comprises of two steps called
forward model and inverse model. The forward model provides the light propagation in a biological medium. The
inverse model uses the scattered light to collect the optical parameters of human tissue. DOT suffers ﬁom severe
ill-posedness due to its incomplete measurement data. So the accurate analysis of this modality is very
complicated. To overcome this problem, optical properties of the soft tissue such as absorption coefﬁcient,
scattering coefficient, optical ﬂux are processed by the standard regularization technique called Levenberg Marquardt regularization. The reconstruction algorithms such as Split Bregman and Gradient projection for
sparse reconstruction (GPSR) methods are used to reconstruct the image of a human soft tissue for tumour
detection. Among these algorithms, Split Bregman method provides better performance than GPSR algorithm.
The parameters such as signal to noise ratio (SNR), contrast to noise ratio (CNR), relative error (RE) and CPU
time for reconstructing images are analyzed to get a better performance.

170. Dong et al. (2016). Deep Tissue Hemodynamic Monitoring Using Diffuse Optical Probes
Abstract: To see what is happening under our skin using light would have been a dream, as there are many
strong absorbers and scatterers that act as hindrances for imaging purpose. Although light penetrates the skin a
little and it is possible to image and monitor superficial blood flow using light illumination, it remains as a
challenge to probe deep tissue (roughly 0.1 ~ 3.0 cm) using light alone. In this chapter, we describe the
challenges and recent achievements of diffuse optical methods to probe deep tissue, running the gamut from
diffuse optical spectroscopy (DOS) and diffuse optical tomography (DOT) to recently developed diffuse speckle
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contrast analysis (DSCA). Diffuse optics has opened up a new possibility of non-invasive diagnosis of lesions in
deep tissue. In addition, the usage of light makes diffuse optics-based device compatible with other conventional
medical devices such as CT and MRI as well as some implanted device such as pace maker. Moreover, diffuse
optics-based device is relatively cost-effective and portable. These merits could limitlessly extend its application
to primary care unit, bedside monitoring, and operation theater as an optimal modality for probing
hemodynamic parameters in microvasculature in deep tissue.

171. Singh et al. (2016). Neurovascular Interactions in the Neurologically Compromised Neonatal
Brain
Abstract: Neurological brain injuries such as hypoxic ischaemic encephalopathy (HIE) and associated conditions
such as seizures have been associated with poor developmental outcome in neonates. Our limited knowledge of
the neurological and cerebrovascular processes underlying seizures limits their diagnosis and timely treatment.
Diffuse optical tomography (DOT) provides haemodynamic information in the form of changes in concentration of
de/oxygenated haemoglobin, which can improve our understanding of seizures and the relationship between
neural and vascular processes. Using simultaneous EEG-DOT, we observed distinct haemodynamic changes
which are temporally correlated with electrographic seizures. Here, we present DOT-EEG data from two
neonates clinically diagnosed as HIE. Our results highlight the wealth of mutually-informative data that can be
obtained using DOT-EEG techniques to understand neurovascular coupling in HIE neonates.

172. Maheswari et al. (2016). Soft tissue optical property extraction for carcinoma cell detection in
diffuse optical tomography system under boundary element condition
Abstract: Near infrared (NIR) light propagation through soft brain tissue extracts the optical properties of
tissue. NIR light is a non-invasive technique which exhibits a high penetration depth to depict the morphological
tissue characteristics. Laser sources of NIR wavelength 780 nm and 850 nm incident on the surface of the tissue
enhances photon propagation through their profile layers. The avalanche photodiode voltage extracts the optical
properties as absorption and scattering coefficients. These parameters were obtained at different depths with
different tissue diameters, analyzed by simulation results. Diffuse reflectance and fluence rate measurements
under time domain were carried out are provided with analytical solutions. The analytical solution for tissue
structure configuration was performed at different boundary conditions as spherical or cylindrical or slab
structures with photon propagation through an infinite medium. Simulation results of absorption coefficient
(μa < 1 cm−1 for normal), scattering coefficient (μs′ < 50 cm−1 for normal) and diffuse reflectance (Rd occurrence of
reflections > 4 ns time for normal) differentiates the normal cells from carcinoma cells. Error percentage
calculated for our system at 780 nm and 850 nm wavelength were minimum, as μa (780 nm) = 0.58%, μs′
(780 nm) = 0.1%, μa (850 nm) = 0.2%, μs′ (850 nm) = 0.2% when compared with existing system.

173. Wu et al. (2016). Time reversal optical tomography: Detecting and locating tumors in an ex vivo
model human breast
Abstract: Time reversal optical tomography (TROT), a recently introduced diffuse optical imaging approach, is
used to detect, locate, and obtain cross-section images of tumors inside a “model human breast.” The model
cancerous breast is assembled as a semi-cylindrical slab of uniform thickness using ex vivo human breast tissues
with two pieces of tumors embedded in it. The experimental arrangement used a 750-nm light beam from a
Ti:sapphire laser to illuminate an end face (source plane) of the sample in a multi-source probing scheme. A
multi-detector signal acquisition scheme measured transmitted light intensity distribution on the other end face
(detector plane). The perturbations in light intensity distribution in the detector plane were analyzed using
TROT to obtain locations of the tumor pieces in three dimensions and estimate their cross sections. The

59

New papers about near-infrared spectroscopy (NIRS) and imaging (NIRI) | Volume 4, Issue 1 (January–March 2016)

estimated locations and dimensions of targets are in good agreement with the results of a corroborating magnetic
resonance imaging experiment.

174. Qiao et al. (2016). An efficient and robust reconstruction method for optical tomography with
the time-domain radiative transfer equation
Abstract: An efficient and robust method based on the complex-variable-differentiation method (CVDM) is
proposed to reconstruct the distribution of optical parameters in two-dimensional participating media. An
upwind-difference discrete-ordinate formulation of the time-domain radiative transfer equation is well
established and used as forward model. The regularization term using generalized Gaussian Markov random
field model is added in the objective function to overcome the ill-posed nature of the radiative inverse problem.
The multi-start conjugate gradient method was utilized to accelerate the convergence speed of the inverse
procedure. To obtain an accurate result and avoid the cumbersome formula of adjoint differentiation model, the
CVDM was employed to calculate the gradient of objective function with respect to the optical parameters. All
the simulation results show that the CVDM is efficient and robust for the reconstruction of optical parameters.

175. Zirak et al. (2016).
Tomography

Dynamic estimation of the modeling error statistics in Diffuse Optical

Abstract: Diffuse Optical Tomography (DOT) is a non-invasive imaging technique that suffers from a typical
large-scale and ill-posed inverse problem with low spatial resolution. In DOT, the inverse problem is
computationally intensive and decreasing the computation complexity and making it well-posed is the one of the
most challenging research areas. More precisely, one of the well-known complexity reduction techniques is
defined as applying modelling error originated from discretization of forward problem. Applying the
discretization error in Bayesian inference has already been discussed; the method in which the likelihood is
modified by an off-line prior density estimation. This paper implements a new method to enhance the modelling
error approach using an iterative scheme to update statistical parameters of modelling discrepancy in DOT. The
algorithm is very similar to Ensemble Kalman Filter. Moreover, the reconstruction process in the applied
method is conducted by a small sample size rather than off-line method. Hence, the computation complexity is
decreased and the algorithm converges in few iterations. The efficiency of the proposed method is illustrated by
simulations.
176. Johansson et al. (2016). Scanning, non-contact, hybrid broadband diffuse optical spectroscopy
and diffuse correlation spectroscopy system
Abstract: A scanning system for small animal imaging using non-contact, hybrid broadband diffuse optical
spectroscopy (ncDOS) and diffuse correlation spectroscopy (ncDCS) is presented. The ncDOS uses a twodimensional spectrophotometer retrieving broadband (610-900 nm) spectral information from up to fifty-seven
source-detector distances between 2 and 5 mm. The ncDCS data is simultaneously acquired from four sourcedetector pairs. The sample is scanned in two dimensions while tracking variations in height. The system has
been validated with liquid phantoms, demonstrated in vivo on a human fingertip during an arm cuff occlusion
and on a group of mice with xenoimplanted renal cell carcinoma.

177. Yamamoto et al. (2016).
perturbation method

Frequency domain optical tomography using a Monte Carlo

Abstract: A frequency domain Monte Carlo method is applied to near-infrared optical tomography, where an
intensity-modulated light source with a given modulation frequency is used to reconstruct optical properties. The
frequency domain reconstruction technique allows for better separation between the scattering and absorption
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properties of inclusions, even for ill-posed inverse problems, due to cross-talk between the scattering and
absorption reconstructions. The frequency domain Monte Carlo calculation for light transport in an absorbing
and scattering medium has thus far been analyzed mostly for the reconstruction of optical properties in simple
layered tissues. This study applies a Monte Carlo calculation algorithm, which can handle complex-valued
particle weights for solving a frequency domain transport equation, to optical tomography in two-dimensional
heterogeneous tissues. The Jacobian matrix that is needed to reconstruct the optical properties is obtained by a
first-order “differential operator” technique, which involves less variance than the conventional “correlated
sampling” technique. The numerical examples in this paper indicate that the newly proposed Monte Carlo
method provides reconstructed results for the scattering and absorption coefficients that compare favorably with
the results obtained from conventional deterministic or Monte Carlo methods.

178. Hallacoglu et al. (2016). Blood phantom verification of a new compact DOT system
Abstract: We have developed a compact high-density DOT system for cerebral oxygenation and perfusion
imaging on the bedside and demonstrated its insensitivity to the superficial layer in a custom two-layered blood
phantom.

179. Zimmermann et al. (2016). Dynamic Phantom Measurements to Validate a Tomographic Optical
Breast Imaging System
Abstract: We validated the temporal imaging performance of our second generation tomographic optical breast
imaging system (TOBI2) by performing measurements on a silicone phantom containing spherical glass-free
inclusions. The rise time was less than 6 s.

180. Ahnen et al. (2016). Near-Infrared Image Reconstruction of Newborns' Brains: Robustness to
Perturbations of the Source/Detector Location
Abstract: The brain of preterm infants is the most vulnerable organ and can be severely injured by cerebral
ischemia. We are working on a near-infrared imager to early detect cerebral ischemia. During imaging of the
brain, movements of the newborn infants are inevitable and the near-infrared sensor has to be able to function
on irregular geometries. Our aim is to determine the robustness of the near-infrared image reconstruction to
small variations of the source and detector locations. In analytical and numerical simulations, the error
estimations for a homogeneous medium agree well. The worst case estimates of errors in reduced scattering and
absorption coefficient for distances of r = 40 mm are acceptable for a single source-detector pair. The optical
properties of an inhomogeneity representing an ischemia are reconstructed correctly within a homogeneous
medium, if the error in placement is random.

181. Maslennikova et al. (2016). Optical and ultrasound methods for detection of chemotherapyinduced changes of breast tumors blood supply
Abstract: The results of breast cancer oxygenation study under chemotherapy action obtained by diffuse optical
spectroscopy and comparison with tumor pathologic response are presented. Capabilities of Ultrasonography as
an additional method are demonstrated.
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182. Schweiger et al. (2016). Basis mapping methods for forward and inverse problems
Abstract: This paper describes a novel method for mapping between basis representation of a field variable over
a domain in the context of numerical modelling and inverse problems. In the numerical solution of inverse
problems, a continuous scalar or vector field over a domain may be represented in different finite-dimensional
basis approximations, such as an unstructured mesh basis for the numerical solution of the forward problem,
and a regular grid basis for the representation of the solution of the inverse problem. Mapping between the basis
representations is generally lossy, and the objective of the mapping procedure is to minimize the errors incurred.
We present in this paper a novel mapping mechanism that is based on a minimisation of the L2 or H1 norm of
the difference between the two basis representations. We provide examples of mapping in 2D and 3D problems,
between an unstructured mesh basis representative of an FEM approximation, and different types of structured
basis including piecewise constant and linear pixel basis, and blob basis as a representation of the inverse basis.
Comparison with results from a simple sampling-based mapping algorithm show the superior performance of the
method proposed here.

183. Spinelli et al. (2016). Optical property reconstruction of a two-layer diffusive medium from
single-distance time-resolved measurements
Abstract: We robustly and accurately estimated the absorption coefficient of the second layer in a two-layer
tissue phantom by applying an optimal estimation method, including a priori information, to single-distance
time-resolved measurements.

184. Kazanci (2016). Head model weight functions generation for laser tomography
Abstract: Continuous wave diffuse optical tomography (CWDOT) biomedical optic imaging modalities have
significant improvement in localization accuracy and image quality compared to traditional imaging methods of
the human brain. In this work, a novel comprehensive evaluation is provided for diffuse optical tomography
(DOT) systems without using any other utilities such as CT (Computerized Tomography) or MRI (Magnetic
Resonance Imaging) modalities. In the most of head models, CT or MRI head anatomy is used for localization
accuracy and better image resolution especially for source and detector coordinate definition problem.
Traditional use of CT or MRI head anatomy determines the shape of head. Thus, source and detector coordinates
are defined and forward model is built. In this work, the head model for CWDOT utilized with novel coordinate
transformation method is presented by translational transfer process via generation of two dimensional (2D)
Monte Carlo (MC) simulation photon fluence rate distribution data. Head model has curve surface. The main
purpose of this work is to transfer 2D simulation data to three dimensional (3D) imaging media which has curve
head surface. The coordinate transformation is applied to the 2D MC simulation data to analyze and calculate
the photon fluence rate distributions into 3D imaging media. The utilized DOT model incorporates multiple
source-detector pairs with continuous wave data.

185. Alqasemi et al. (2016). Method for estimating closed-form solutions of the light diffusion equation
for turbid media of any boundary shape
Abstract: This paper reports a method of estimating an approximate closed-form solution to the light diffusion
equation for any type of geometry involving Dirichlet’s boundary condition with known source location. It is
based on estimating the optimum locations of multiple imaginary point sources to cancel the fluence at the
extrapolated boundary by constrained optimization using a genetic algorithm. The mathematical derivation of
the problem to approach the optimum solution for the direct-current type of diffuse optical systems is described
in detail. Our method is first applied to slab geometry and compared with a truncated series solution. After that,
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it is applied to hemispherical geometry and compared with Monte Carlo simulation results. The method provides
a fast and sufficiently accurate fluence distribution for optical reconstruction.

186. Konovalov et al. (2016). Total variation based reconstruction of scattering inhomogeneities in
tissue from time-resolved optical projections
Abstract: The important advantage of diffuse optical tomography (DOT) is the possibility of tissue functional
diagnosis. However the possibility implements if only we separately reconstruct the spatial distributions of
optical parameters, specifically the absorption and scattering coefficients. We have recently demonstrated that
time-domain DOT based on the perturbation model by Lyubimov is capable of reconstructing absorbing
inhomogeneities in tissue with a DOT high spatial resolution (better than 3 mm at a depth of 4 cm). This paper
continues our research and focuses on the reconstruction of scattering inhomogeneities. We consider the flat
layer transmission geometry which is traditional for optical mammography, and use diffusion approximation to
derive analytical expressions for weight functions responsible for the reconstruction of scattering
inhomogeneities. To confirm that our calculations are correct we perform a numerical experiment where we
reconstruct a rectangular scattering object 10×8 cm in size with 4 circular scattering macroinhomogeneities 4
mm in diameter each, and a randomly inhomogeneous scattering structure. The inverse DOT problem is solved
with a multiplicative algebraic reconstruction technique where interim iterations are processed through total
variation norm minimization. The results suggest that our DOT method reliably resolves the scattering
macroinhomogeneities of mentioned size against a randomly inhomogeneous structure.

187. Tanifuji (2016). Evaluation of time-resolved multi-distance methods to retrieve absorption and
reduced scattering coefficients of adult heads in vivo: Optical parameters dependences on
geometrical structures of the models used to calculate reflectance
Abstract: Time-resolved multi-distance measurements are studied to retrieve absorption and reduced scattering
coefficients of adult heads, which have enough depth sensitivity to determine the optical parameters in
superficial tissues and brain separately. Measurements were performed by putting the injection and collection
fibers on the left semi-sphere of the forehead, with the injection fiber placed toward the temporal region, and by
moving the collection fiber between 10 and 60 mm from the central sulcus. It became clear that optical
parameters of the forehead at all collection fibers were reasonably determined by selecting the appropriate
visibility length of the geometrical head models, which is related to head surface curvature at each position.

188. Krishnamurthy et al. (2016). Broadband optical mammography instrument for depth-resolved
imaging and local dynamic measurements
Abstract: We present a continuous-wave instrument for non-invasive diffuse optical imaging of the breast in a
parallel-plate transmission geometry. The instrument measures continuous spectra in the wavelength range
650–1000 nm, with an intensity noise level <1.5% and a spatial sampling rate of 5 points/cm in the x- and ydirections. We collect the optical transmission at four locations, one collinear and three offset with respect to the
illumination optical fiber, to recover the depth of optical inhomogeneities in the tissue. We imaged a tissue-like,
breast shaped, silicone phantom (6 cm thick) with two embedded absorbing structures: a black circle (1.7 cm in
diameter) and a black stripe (3 mm wide), designed to mimic a tumor and a blood vessel, respectively. The use of
a spatially multiplexed detection scheme allows for the generation of on-axis and off-axis projection images
simultaneously, as opposed to requiring multiple scans, thus decreasing scan-time and motion artifacts. This
technique localizes detected inhomogeneities in 3D and accurately assigns their depth to within 1 mm in the
ideal conditions of otherwise homogeneous tissue-like phantoms. We also measured induced hemodynamic
changes in the breast of a healthy human subject at a selected location (no scanning). We applied a cyclic,
arterial blood pressure perturbation by alternating inflation (to a pressure of 200 mmHg) and deflation of a
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pneumatic cuff around the subject’s thigh at a frequency of 0.05 Hz, and measured oscillations with amplitudes
up to 1 μM and 0.2 μM in the tissue concentrations of oxyhemoglobin and deoxyhemoglobin, respectively. These
hemodynamic oscillations provide information about the vascular structure and functional integrity in tissue,
and may be used to assess healthy or abnormal perfusion in a clinical setting.

189. Favennec (2016). Space-Dependent Sobolev Gradients as a Regularization for Inverse Radiative
Transfer Problems
Abstract: Diffuse optical tomography problems rely on the solution of an optimization problem for which the
dimension of the parameter space is usually large. Thus, gradient-type optimizers are likely to be used, such as
the Broyden-Fletcher-Goldfarb-Shanno (BFGS) algorithm, along with the adjoint-state method to compute the
cost function gradient. Usually, the L2-inner product is chosen within the extraction procedure (i.e., in the
definition of the relationship between the cost function gradient and the directional derivative of the cost
function) while alternative inner products that act as regularization can be used. This paper presents some
results based on space-dependent Sobolev inner products and shows that this method acts as an efficient lowpass filter on the cost function gradient. Numerical results indicate that the use of Sobolev gradients can be
particularly attractive in the context of inverse problems, particularly because of the simplicity of this
regularization, since a single additional diffusion equation is to be solved, and also because the quality of the
solution is smoothly varying with respect to the regularization parameter.

190. Shaw et al. (2016). Direct sensitivity based data-optimization strategy for image-guided diffuse
optical tomography
Abstract: Implementing image-guidance for diffuse tomographic imaging involves reducing the spatial optical
parameter space within the discrete tissue types being estimated. This makes the inverse problem over
determined which indicates that the required number of measurements could be less than all available
measurements. In this work, we propose a data optimization approach to curtail the algorithmic complexity and
implicitly reconstruct optical absorption image based on direct sensitivity approach. The performance of the
proposed method was validated using numerical and gelatin phantom data indicating that this perturbation-like
approach can quantify embedded regions with good accuracy and is free of bias errors associated with
regularization approaches. The testing of the algorithm on human data of fast pulsatile NIR imaging in breast
tissue showed that fast updates are possible and both the recovery time and the required number of
measurements is equal to discrete tissue types. The proposed method offers high level of measurement
optimization for the dynamic imaging, compared to traditional methods of full iterative regularized tomography
or recently proposed data resolution-based methods.

191. Ogura et al. (2016). Abstract P4-03-06: Near-infrared diffuse optical imaging for early prediction
to neoadjuvant chemotherapy in patients with primary breast cancer
Abstract: Background: Diffuse optical spectroscopic imaging (DOSI) can be exploited as a marker of tumor blood
volume quantified by tissue hemoglobin (tHb) concentration. In DOSI, frequent measurement is possible for
breast cancer patients because of its non-invasiveness. The tHb concentration determined by DOSI is expected to
be a new biomarker for prediction of breast cancer response to neoadjuvant chemotherapy (NAC). Purpose: Our
objective is to determine whether early change of tumor tHb concentration predicts pathological complete
response (pCR) to NAC in patients with operable breast cancer. Methods: In a prospective study, one hundred
patients with primary breast cancer were enrolled for primary objective analysis. The regimens of NAC were
according to the standard of care. Patients underwent sequential scans using DOSI at baseline, after 1st course
and 2nd course of chemotherapy. The mean value of tHb (tHbmean) concentration of the targeted lesion was
measured and the percentage change in tHbmean (ΔtHbmean) concentration was calculated. Receiver operating
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curve analysis demonstrated diagnostic performance of DOSI for predicting a pCR. Results: In interim analysis,
it was regarded as a good outcome that area under the curve (AUC) for ΔtHbmean after 1nd course was 0.797
(SE 0.104, 95%CI 0.633-0.911), and after 2st course was 0.867 (SE 0.06, 95%CI 0.715-0.956). Conclusion: DOSI
could predict accurately a pCR to neoadjuvant chemotherapy in patients with primary breast cancer.

192. Sajjadi et al. (2016). Abstract P4-03-04: Dynamic tomographic optical breast imaging (TOBI) for
neoadjuvant chemotherapy monitoring
Abstract: Background: Dynamic Diffuse optical imaging using near-infrared light was shown to be promising
method for neoadjuvant therapy monitoring as an alternative functional imaging that is low-cost, non-invasive,
portable, safe and simple to operate. While optical breast imaging methods rely on "static" assessments of tissue
oxy- and deoxy- hemoglobin concentration without contrast agents, they are insufficient for clinical applications.
Dynamic tomographic optical imaging induces tumor-sensitive hemodynamic variations, as a contrast
mechanism, driven by fractional mammographic compression. These tumor contrast measurements are governed
by interlay of tissue biomechanics and oxygen metabolism. In this study we seek to evaluate the predictive value
of these biomarkers with respect to treatment outcome. Methods: A group of 22 patients with locally advanced
breast cancer were scanned using our dynamic TOBI system before and during neoadjuvant chemotherapy. In
this analysis we focused on pre-treatment, day 7 and day 30 post-treatment dynamic TOBI scans. Both breasts
are compressed in turn to 4-8 lbs of force (depending on size) and optical images are acquired every 2 seconds
over 2 minutes. We calculate the time course of oxy (HbO), deoxy (HbR)and total (HbT) hemoglobin
concentration as well as the hemoglobin oxygen saturation (SO2). Regions of interest are defined in the optical
images to correspond to the radiology identified tumor location, and the healthy tissue in the same breast,
respectively. We compare the time courses in the two regions at baseline, day 7 and 30 days after initiation of
treatment. Results: In this analysis we present results from 10 patients including 6 responders (defined as
greater than 50% reduction in the largest tumor axis from baseline imaging and final pathology) and 4 nonresponders. As the compression plates are held in place the tissue collagen matrix begins to stretch, effectively
reducing the compression force. At baseline, all patients exhibit a decrease followed by delayed recovery in HbT,
and SO2 in the tumor area, in contrast to immediate recovery in surrounding tissue. At day 7 and 30, this
contrast is maintained in non-responders (<50% reduction in tumor maximum diameter); however, in
responders, the contrast starts decreasing at day 7 and substantially disappears at day 30. Average changes in
HbT and SO2, show that the contrast between normal and tumor increases somewhat at day 7 and more
noticeably at day 30 in non-responders to NACT. Comparing hemodynamic changes in responders and nonresponders, it is clear that at three selected time points (30, 60 and 90 s) during the scan, the contrast between
tumor and normal tissue in both ΔHbT and ΔSO2 is reduced for the responders at day 7 and day 30. Conclusions:
These initial results suggest that dynamic optical breast imaging can detect changes due to treatment and have
predictive value for the treatment outcome. DTOBI can show the difference in hemodynamic response to
compression between tumor and normal tissue and demonstrates the feasibility of using dynamic optical breast
tomography for neoadjuvant chemotherapy monitoring. ongoing.

193. Dempsey et al. (2016).
Tomography

3D Printing of Tissue Equivalent Phantoms for Diffuse Optical

Abstract: We present a method for 3D printing tissue equivalent phantoms. Transmission of a clear printer
resin was characterised in the near-infrared. Scattering pigment was added to the resin and used to 3D print a
phantom with μs' = 0.74 mm-1 at 800 nm.
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194. Rohrbach et al. (2016).
preliminary results

Characterization of lung lesions using diffuse optical spectroscopy:

Abstract: Peripheral lung lesions are evaluated with transthoracic biopsies; but accurate characterization is
challenging. We used diffuse optical spectroscopy and found significant differences between malignant/benign,
indicating potential for clinical use.

195. Bentz et al. (2016). Fabrication and application of heterogeneous printed mouse phantoms for
whole animal optical imaging
Abstract: This work demonstrates the usefulness of 3D printing for optical imaging applications. Progress in
developing optical imaging for biomedical applications requires customizable and often complex objects for
testing and evaluation. There is therefore high demand for what have become known as tissue-simulating
“phantoms.” We present a new optical phantom fabricated using inexpensive 3D printing methods with multiple
materials, allowing for the placement of complex inhomogeneities in complex or anatomically realistic
geometries, as opposed to previous phantoms, which were limited to simple shapes formed by molds or
machining. We use diffuse optical imaging to reconstruct optical parameters in 3D space within a printed mouse
to show the applicability of the phantoms for developing whole animal optical imaging methods. This phantom
fabrication approach is versatile, can be applied to optical imaging methods besides diffusive imaging, and can
be used in the calibration of live animal imaging data.

196. Zouaoui et al. (2016). Quantification of effective absorption perturbations for Time-Resolved
Diffuse Optical Tomography with totally absorbing objects
Abstract: We evaluate the ability of time-resolved diffuse optical tomography to quantify the absorption
coefficient of deep objects in turbid media. Phantom experimental results with totally absorbing objects show
good quantification up to 0.4 cm-1.

197. Lindner et al. (2016). Diffuse Optical Characterization of the Healthy Human Thyroid Tissue
and Two Pathological Case Studies
Abstract: The in vivo optical and hemodynamic properties of the healthy (n = 22) and pathological (n = 2)
human thyroid tissue were measured non-invasively using a custom time-resolved spectroscopy (TRS) and
diffuse correlation spectroscopy (DCS) system. Medical ultrasound was used to guide the placement of the handheld hybrid optical probe. TRS measured the absorption and reduced scattering coefficients (μa, μs′) at three
wavelengths (690, 785 and 830 nm) to derive total hemoglobin concentration (THC) and oxygen saturation
(StO2). DCS measured the microvascular blood flow index (BFI). Their dependencies on physiological and clinical
parameters and positions along the thyroid were investigated and compared to the surrounding
sternocleidomastoid muscle. The THC in the thyroid ranged from 131.9 μM to 144.8 μM, showing a 25–44%
increase compared to the surrounding sternocleidomastoid muscle tissue. The blood flow was significantly higher
in the thyroid (BFIthyroid = 16.0 × 10-9 cm2/s) compared to the muscle (BFImuscle = 7.8 × 10-9 cm2/s), while StO2
showed a small (StO2, muscle = 63.8% to StO2, thyroid = 68.4%), yet significant difference. Two case studies with
thyroid nodules underwent the same measurement protocol prior to thyroidectomy. Their THC and BFI reached
values around 226.5 μM and 62.8 × 10-9 cm2/s respectively showing a clear contrast to the nodule-free thyroid
tissue as well as the general population. The initial characterization of the healthy and pathologic human
thyroid tissue lays the ground work for the future investigation on the use of diffuse optics in thyroid cancer
screening.
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198. Nouizi et al. (2016). Analytical Photo Magnetic Imaging
Abstract: We introduce a new Photo-Magnetic Imaging image reconstruction algorithm that uses analytical
methods to solve both its forward and inverse problem, making it 33 times faster than a single iteration of our
previous FEM-based algorithm.

199. Teng et al. (2016). A wearable optical device for continuous monitoring during neoadjuvant
chemotherapy infusions
Abstract: We present a new continuous-wave (CW) wearable diffuse optical device aimed at investigating the
hemodynamic response of locally advanced breast cancer patients during a patient’s first neoadjuvant
chemotherapy infusion. The system consists of a flexible substrate that supports an array of surface-mount LED
and photodiode pairs (i.e. optodes). Probe performance was evaluated using solid tissue-simulating phantoms.
Measurements revealed high SNR (65dB), low source-detector crosstalk (-59 dB), high measurement precision
(0.17%), and good thermal stability (0.2% Vrms/°C). A cuff occlusion experiment was performed on the forearm of
a healthy volunteer to demonstrate the ability to track rapid hemodynamic changes.

200. Wabnitz et al. (2016). Characterization of homogeneous tissue phantoms for performance tests
in diffuse optics
Abstract: Solid homogeneous turbid phantoms can be employed to mimic the attenuation and angular
distribution of light emerging from tissue, e.g., to assess the responsivity of the detection system of diffuse optics
instrumentation and to support standardized performance tests of functional near-infrared spectroscopy devices.
We present three methods to quantify the wavelength-dependent diffuse transmittance, relying on (1)
measurement of radiance exiting the phantom by a detector far from the exit aperture, (2) simple recording of
radiance by a power meter close to the exit aperture and correction for the finite distance between phantom
surface and detector, (3) determination of the reduced scattering and absorption coefficients by time-resolved
diffuse transmittance measurements and forward calculation of the time-integrated diffuse transmittance based
on the diffusion model. The implications of the different approximations related to these approaches are
discussed. The various methods were applied to characterize solid slab phantoms, and the results were
compared. Specifically, for an epoxy-resin based phantom having a thickness of 2 cm, a reduced scattering
coefficient of about 0.5/mm and an absorption coefficient of about 0.01/mm, the diffuse transmittance values
obtained by the three different methods were found to agree within about 10%.

201. Ortiz-Rascón et al. (2016). Time of flight dependent linearity in diffuse imaging: how effective is
it to evaluate the spatial resolution by measuring the edge response function?
Abstract: We describe the behavior of linearity in diffuse imaging by evaluating the differences between timeresolved images produced by photons arriving at the detector at different times. Two approaches are considered:
Monte Carlo simulations and experimental results. The images of two complete opaque bars embedded in a
transparent or in a turbid medium with a slab geometry are analyzed; the optical properties of the turbid
medium sample are close to those of breast tissue. A simple linearity test was designed involving a direct
comparison between the intensity profile produced by two bars scanned at the same time and the intensity
profile obtained by adding two profiles of each bar scanned one at a time. It is shown that the linearity improves
substantially when short time of flight photons are used in the imaging process, but even then the nonlinear
behavior prevails. As the edge response function (ERF) has been used widely for testing the spatial resolution in
imaging systems, the main implication of a time dependent linearity is the weakness of the linearity assumption
when evaluating the spatial resolution through the ERF in diffuse imaging systems, and the need to evaluate
the spatial resolution by other methods.
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202. Fantini et al. (2016). Non-invasive assessment of cerebral microcirculation with diffuse optics
and coherent hemodynamics spectroscopy
Abstract: We describe the general principles and initial results of coherent hemodynamics spectroscopy (CHS),
which is a new technique for the quantitative assessment of cerebral hemodynamics on the basis of dynamic
near-infrared spectroscopy (NIRS) measurements. The two components of CHS are (1) dynamic measurements of
coherent cerebral hemodynamics in the form of oscillations at multiple frequencies (frequency domain) or
temporal transients (time domain), and (2) their quantitative analysis with a dynamic mathematical model that
relates the concentration and oxygen saturation of hemoglobin in tissue to cerebral blood volume (CBV), cerebral
blood flow (CBF), and cerebral metabolic rate of oxygen (CMRO2). In particular, CHS can provide absolute
measurements and dynamic monitoring of CBF, and quantitative measures of cerebral autoregulation. We
report initial results of CBF measurements in hemodialysis patients, where we found a lower CBF (54 ± 16
ml/(100 g-min)) compared to a group of healthy controls (95 ± 11 ml/(100 g-min)). We also report CHS
measurements of cerebral autoregulation, where a quantitative index of autoregulation (its cutoff frequency) was
found to be significantly greater in healthy subjects during hyperventilation (0.034 ± 0.005 Hz) than during
normal breathing (0.017 ± 0.002 Hz). We also present our approach to depth resolved CHS, based on multidistance, frequency-domain NIRS data and a two-layer diffusion model, to enhance sensitivity to cerebral tissue.
CHS offers a potentially powerful approach to the quantitative assessment and continuous monitoring of local
brain perfusion at the microcirculation level, with prospective brain mapping capabilities of research and clinical
significance.

203. Li et al. (2016).
An upgraded camera-based imaging system for mapping venous blood
oxygenation in human skin tissue
Abstract: A camera-based imaging system was previously developed for mapping venous blood oxygenation in
human skin. However, several limitations were realized in later applications, which could lead to either
significant bias in the estimated oxygen saturation value or poor spatial resolution in the map of the oxygen
saturation. To overcome these issues, an upgraded system was developed using improved modeling and image
processing algorithms. In the modeling, Monte Carlo (MC) simulation was used to verify the effectiveness of the
ratio-to-ratio method for semi-infinite and two-layer skin models, and then the relationship between the venous
oxygen saturation and the ratio-to-ratio was determined. The improved image processing algorithms included
surface curvature correction and motion compensation. The curvature correction is necessary when the imaged
skin surface is uneven. The motion compensation is critical for the imaging system because surface motion is
inevitable when the venous volume alteration is induced by cuff inflation. In addition to the modeling and image
processing algorithms in the upgraded system, a ring light guide was used to achieve perpendicular and uniform
incidence of light. Cross-polarization detection was also adopted to suppress surface specular reflection. The
upgraded system was applied to mapping of venous oxygen saturation in the palm, opisthenar and forearm of
human subjects. The spatial resolution of the oxygenation map achieved is much better than that of the original
system. In addition, the mean values of the venous oxygen saturation for the three locations were verified with a
commercial near-infrared spectroscopy system and were consistent with previously published data.

204. Mitra et al. (2016).
In Vivo Measurement of Cerebral Mitochondrial Metabolism Using
Broadband Near Infrared Spectroscopy Following Neonatal Stroke
Abstract: Neonatal stroke presents with features of encephalopathy and can result in significant morbidity and
mortality. We investigated the cerebral metabolic and haemodynamic changes following neonatal stroke in a
term infant at 24 h of life. Changes in oxidation state of cytochrome-c-oxidase (oxCCO) concentration were
monitored along with changes in oxy- and deoxy- haemoglobin using a new broadband near-infrared
spectroscopy (NIRS) system. Repeated transient changes in cerebral haemodynamics and metabolism were noted
over a 3-h study period with decrease in oxyhaemoglobin (HbO2), deoxy haemoglobin (HHb) and oxCCO in both
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cerebral hemispheres without significant changes in systemic observations. A clear asymmetry was noted in the
degree of change between the two cerebral hemispheres. Changes in cerebral oxygenation (measured as
HbDiff = HbO2 − HHb) and cerebral metabolism (measured as oxCCO) were highly coupled on the injured side of
the brain.

205. Anderson et al. (2016).
saturation maps

Optical mammography: bilateral breast symmetry in hemoglobin

Abstract: We present a study of the bilateral symmetry of human breast hemoglobin saturation maps measured
with a broadband optical mammography instrument. We have imaged 21 patients with unilateral breast cancer,
32 patients with unilateral benign lesions, and 27 healthy patients. An image registration process was applied to
the bilateral hemoglobin saturation (SO 2) images by assigning each pixel to the low, middle, or high range of SO 2
values, where the thresholds for the categories were the 15th and 85th percentiles of the individual saturation
range. The Dice coefficient, which is a measure of similarity, was calculated for each patient’s pair of right and
left breast SO2 images. The invasive cancer patients were found to have an average Dice coefficient value of
0.55±0.07, which was significantly lower than the benign and healthy groups (0.61±0.11 and 0.62±0.12,
respectively). Although differences were seen in a group analysis, the healthy patient Dice coefficients spanned a
wide range, limiting the diagnostic capabilities of this SO 2 symmetry analysis on an individual basis. Our results
suggest that for assessing the SO 2 contrast of breast lesions, it may be better to select a reference tissue in the
ipsilateral rather than the contralateral breast.

206. Milej et al. (2016). Time-resolved subtraction method for measuring optical properties of turbid
media
Abstract: Near-infrared spectroscopy is a noninvasive optical method used primarily to monitor tissue
oxygenation due to the absorption properties of hemoglobin. Accurate estimation of hemoglobin concentrations
and other light absorbers requires techniques that can separate the effect of absorption from the much greater
effect of light scattering. One of the most advanced methods is time-resolved near-infrared spectroscopy (TRNIRS), which measures the absorption and scattering coefficients of a turbid medium by modeling the recorded
distribution time of flight of photons. A challenge with TR-NIRS is that it requires accurate characterization of
the dispersion caused by the system. In this study, we present a method for circumventing this problem by
applying statistical moment analysis to two time-of-flight distributions measured at separated source–detector
distances. Simulations based on analytical models and Monte Carlo code, and tissue-mimicking phantoms, were
used to demonstrate its accuracy for source–detector distances typically used in neuroimaging applications. The
simplicity of the approach is well suited to real-time applications requiring accurate quantification of the optical
properties of a turbid medium.

207. Xu et al. (2016). Concurrent multi-parametric analysis of quantitative dynamic contrastenhanced MR Imaging and Near-Infrared Spectroscopy in breast lesions
Abstract: Analysis of MRI parameters together with NIRS values (n=28 subjects) shows that the combinations
of Ktrans with either HbT or TOI have high diagnostic accuracy, increasing AUC values to 93-94% and
specificity up to 100%.
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208. Chen et al. (2016). Wavelength Optimization Using Available Laser Diodes in Spectral Nearinfrared Optical Tomography
Abstract: As employing optimized wavelengths, a near-infrared (NIR) tomographic imaging system with multiwavelengths in continuous wave (CW) enables to provide accurate information of chromophores. In this paper,
we discuss wavelength optimization with the selection from commercial laser diodes. Through theoretical
analysis, we use the residual norm (R) and the condition number (κ) to represent the uniqueness of a matrix
problem and the smooth singular-value distribution of each chromophore, respectively. The optimum
wavelengths take place for large R and small κ. We considered totally 38 wavelengths of laser diodes in the
range of 633-980 nm commercially available to discover optimum sets for a broad range of chromophore
combinations. In the total 38 wavelengths, there exist 501,942 (C385), 2,760,681 (C386), and 12,620,256 (C387)
combinations of five, six, and seven wavelength sets, respectively, for accurately estimating chromophores
(HbO2, HbR, H2O, and lipid), water, lipid plus the scattering prefactor A. With the numerical calculation, top 10
wavelength sets were selected based on the principle of large R and small κ. In the study, the chromophore
concentration for young and old women are investigated; finally, choosing the laser diodes with the wavelength
of 650, 690, 705, 730, 870/880, 915 and 937 nm is recommended either for young or old women to construct a
spectral NIR tomographic imaging system in the CW domain.

Publications from the BORL, Zurich
209. Tachtsidis & Scholkman (2016). False positives and false negatives in functional near-infrared
spectroscopy: issues, challenges, and the way forward
Abstract: We highlight a significant problem that needs to be considered and addressed when performing
functional near-infrared spectroscopy (fNIRS) studies, namely the possibility of inadvertently measuring fNIRS
hemodynamic responses that are not due to neurovascular coupling. These can be misinterpreted as brain
activity, i.e., “false positives” (errors caused by wrongly assigning a detected hemodynamic response to functional
brain activity), or mask brain activity, i.e., “false negatives” (errors caused by wrongly assigning a not observed
hemodynamic response in the presence of functional brain activity). Here, we summarize the possible
physiological origins of these issues and suggest ways to avoid and remove them.

210. Kleiser et al. (2016). Characterizing Fluctuations of Arterial and Cerebral Tissue Oxygenation in
Preterm Neonates by Means of Data Analysis Techniques for Nonlinear Dynamical Systems
Abstract: The cerebral autoregulatory state as well as fluctuations in arterial (SpO2) and cerebral tissue oxygen
saturation (StO2) are potentially new relevant clinical parameters in preterm neonates. The aim of the present
study was to test the investigative capabilities of data analysis techniques for nonlinear dynamical systems,
looking at fluctuations and their interdependence. StO2, SpO2 and the heart rate (HR) were measured on four
preterm neonates for several hours. The fractional tissue oxygenation extraction (FTOE) was calculated. To
characterize the fluctuations in StO2, SpO2, FTOE and HR, two methods were employed: (1) phase-space
modeling and application of the recurrence quantification analysis (RQA), and (2) maximum entropy spectral
analysis (MESA). The correlation between StO2 and SpO2 as well as FTOE and HR was quantified by (1)
nonparametric nonlinear regression based on the alternating conditional expectation (ACE) algorithm, and (2)
the maximal information-based nonparametric exploration (MINE) technique. We found that (1) each neonate
showed individual characteristics, (2) a ~60 min oscillation was observed in all of the signals, (3) the nonlinear
correlation strength between StO2 and SpO2 as well as FTOE and HR was specific for each neonate and showed
a high value for a neonate with a reduced health status, possibly indicating an impaired cerebral autoregulation.
In conclusion, our data analysis framework enabled novel insights into the characteristics of hemodynamic and
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oxygenation changes in preterm infants. To the best of our knowledge, this is the first application of RQA,
MESA, ACE and MINE to human StO2 data measured with near-infrared spectroscopy (NIRS).

211. Hapuarachchi et al. (2016). Simulation of Preterm Neonatal Brain Metabolism During Functional
Neuronal Activation Using a Computational Model
Abstract: We present a computational model of metabolism in the preterm neonatal brain. The model has the
capacity to mimic haemodynamic and metabolic changes during functional activation and simulate functional
near-infrared spectroscopy (fNIRS) data. As an initial test of the model’s efficacy, we simulate data obtained
from published studies investigating functional activity in preterm neonates. In addition we simulated recently
collected data from preterm neonates during visual activation. The model is well able to predict the
haemodynamic and metabolic changes from these observations. In particular, we found that changes in cerebral
blood flow and blood pressure may account for the observed variability of the magnitude and sign of stimulusevoked haemodynamic changes reported in preterm infants.

212. Holper et al. (2016). Prefrontal hemodynamic after-effects caused by rebreathing may predict
affective states – A multimodal functional near-infrared spectroscopy study
Abstract: Brain activity has been shown to be influenced by respiratory behavior. Here, we evaluated whether
respiration-induced hypo- or hypercapnia may support differentiation between physiological versus pathological
respiratory behavior. In particular, we investigated whether systemic physiological measures could predict the
brain’s time-frequency hemodynamics after three respiratory challenges (i.e., breath-holding, rebreathing, and
hyperventilation) compared to resting-state. Prefrontal hemodynamics were assessed in healthy subjects (N =
27) using functional near-infrared spectroscopy (fNIRS). Systemic physiological measures were assessed in form
of heart rate, partial end-tidal carbon dioxide, respiration rate, and saturation of peripheral oxygen. Timefrequency dynamics were quantified using the wavelet transform coherence (i.e., defined here as corticalsystemic coherence). We found that the three respiratory challenges modulated cortical-systemic coherence
differently: (1) After rebreathing, cortical-systemic coherence could be predicted from the amplitude of the heart
rate (strong negative correlation). (2) After breath-holding, the same observation was made (moderate negative
correlation). (3) After hyperventilation, no significant effect was observed. (4) These effects were found only in
the frequency range of very low-frequency oscillations. The presented findings highlight a distinct role of
rebreathing in predicting cortical-systemic coupling based on heart rate changes, which may represents a
measure of affective states in the brain. The applied multimodal assessment of hemodynamic and systemic
physiological measures during respiratory challenges may therefore have potential applications in the
differentiation between physiological and pathological respiratory behavior.
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