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Medical near infrared spectroscopy: a prestigious history

and a bright future
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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).

Introduction
lthough the first applications of
medical near infrared (NIF) spec
troscopy go back to 1977, when
Frans Jébsis (Professor of Phiysi-
ology at Duke University, NC, USA) reported
that the relatively high degree of transpar
ency of brain tissue in the NIR range (the
“optical window”™) enabled real-time, non-
invasive detection of haemoglobin (Hb)
oxygenation using trans-illumination spec-
troscopy, the first commercial NIR system
{brain oximeter) was not built until 1989 by
Hamamatsu Photonics K.K. (Japan). The
16 (mainly review) articles published in the
2012 Journal of Near Infrared Spectroscopy
Special Issue on Medical Applications,’
have nicely summarised the most impor-
tant aspects of medical NIR spectroscopy.
Brain/muscle oximetry” and functional NIR

Figure 1. Commercial brain MIR cximeater; “SenSma™ Universa
Crimetry System” (Nonin). The NIR speciroscopy aximeter is equipped

spectroscopy (NIRSY reprasent the most
established clinical and/or basic research
areas. More recently, several review articles
have been dedicated to brain oximetry, the
technigque that continuously measures corti-
cal Hb saturation.®’

Most successful applications:
brain oximetry and fNIRS
Examples of two commercially-available
brain oximeters are shown in Figures 1 and
2. Functional activation of the human cere
bral cortex can be successfully explorad by
fNIRS, optical topography, NIR imaging, dif-
fuse optical imaging (DOI) or diffuse optica
tomography (DOT).** fNIRS is a non-inva
sive, vascular-based neurcimaging techno
ogy that measures concentration changes
of oxygenated-Hb (O.Hb) and deoxygen-
ated-Hb (HHb) in cortical microcirculatior
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Figures 3 and 4). fNIRS data pro-
ng and analysis mathods permit topo-
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cortical hasmodynamic changes. NIRS
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with five optical probes for monitonng the tissue Hb saturation over the
forehesd or in other parts of the body. Photo courtesy of Monin Medical
Inc., USA

Figure 2. Commercial 1 NIR codmeater: “03™ Regional Chametry”
{hasima). The instrume 1 support up to six optical probes, Photo
courtesy of Masimo Intemational.
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fisld of wiew sufficient to map distnbuted
prain functions in detall. The emergence
af high-density DOT represents the most
nt generation of MNIRS systems which
open up more potential clinical applica
tions by offering regional comparisons of
brain oximetry and mapping higher-crder,
distributed brain functions either at rest o
in response to interventions.™" Figure 3
depicts an example of a high-density DOT
imaging array that has been recently
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to map, for example, multiple resting-state
networks including the dorsal attention and
default mode networks, cortical responses
iage tasks and brain functicn

with Parkinsons diseasa and
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natural context.  Examp of “hyperscan-
ning” NIRS measurement are shown in Fig
ures 5 and 6. INIRS, more than any other
neurgimaging modality, is suitable for inves-
tigating real social interactions by using a
“hyperscanning” approach.

Most of the commercial INIRS systems
utilisa fibre optic bundles, The disadvantage
of using such bundles is that the fibres are
aften heavy and of limited flexibility, per-
haps provoking discomfort (espacially In
patients). In addition, these NIRS systems
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Figure 7. Time-domain brain NIR oximater
tNIRS- 1 (Hamamatsu Photonics Systems
Divizion, Japan). The Instrument is equipped
with two optical probas, Phato courtesy of
Hamamalsy

require that the subject's head position
does nol move beyond the length of the
fibre optic bundles. Since 2009, different
battery-operated, multi-channal, wearable/
wireless systems have been commercial-
ised,” allowing fNIRS measurements on
the adult prefrontal cortex. An example of
a 22-channel wireless system is shown in
Figure 5. This most advanced version of
fNIRS systems Is a suitable toal for evaluat-
ing brain activation in response to cognitive
tasks executed in normal dally activities.

S0 far, the most commonly used tissua
oximeters and fMNIRS instruments  utilise
continuous-wave fight sources,” while the
high-cost, time-domain NIR devices utilise
a short pulse of laser fight (a few picosec-
onds) and measure the temporal broaden-
ing of the pulse as it propagates through the
tissue.” As a consequenca, time-domain
NIR instruments measure the absolute
concentration of O.Hb/HHDb and provide
a better depth discrimination than what is
pessible using continuous-wave MIR instru-
ments.” The first clinical time-domain brain
oximeter will be soon commercialised by
Hamamatsu Photonics Japan (Figure 7).
On-going  developments in time-domain
diffuse oplics could generale compact and
even wearable time-domain oximeters and
MIRS systems.”

However, a better understanding of
brain pathophysiology can be achieved by
menitoring regional CBF (rCBF). Recently
developed diffuse comelation spectroscopy
(DTS} offers the opportunity of evaluating
a continuous quantitative index of rCBF by
measunng the decomsiation of the intensity
fluctuations in the detected coherent NIR
ight that Is induced by moving red blooad

Flgure 8. Commenial
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cells,™ ™ This technology also makes pos-
siole an estimation of the relative cersbeal
oxygen metabolism. So far, two DCS-NIRS
systems have become commercially avail-
able (Figures 8 and 9], A different approach
for measuring rCBF has been utilised by
Omim Inc. {USA), a company that has
developed the CerOx 3210F oximeter
using NIR spectroscopy and weak acoustic
beams to identify light emerging from deep
fissue layers.,

The sector of wearable health technol-
ogy is arousing apparently endless inter-
est. The use of low-cost, wearable mani
tonng devices or wearable biosensors that
allow constant monitoring of physiclogical
signals is essential for the advancemem
of both the diagnosis and the treatment

Figure 8. Commerciad DCS MRS systemn;
Metal (IS5, LISA) The instrument providas
conoomitant measurements of O.HBHHD
concentrations and HD saluration [usng
frequency-domain MR spactroscopy) and
iZ8F (using DCS) of 1he newbom head: The
matnumeant can also monitor regional ceretbral
Cxyoan consumgtion. Pholo courtesy of ISS.

of diseases as well as for monitoring an
active lifestyle. Wearable wirgless fingertip
pulse oximetry devices for arterial satura-
tion measurement are already available for
smart phones. Recently, a wireless and
smartphone controllable MIR system has
been presented. - Foetal/meonatal head
Hb saturation has been also obtained by
the examiners finger-mountad oximeater
(Toccare, Astem, Japan) (Figure 10)."" Very
recently, a textile MIR system has been
utilisad for monitoring arterial Ho satura-
tion and O.Hb/HHb muscle oxygenation
changes.'”

Figure 10, Oximeter probe attached to the examinar’s finger pulp measunng Hi satustion on thea
newhorm head (Toccam, Astem, Japan), Photo courtasy of Astem



Conclusions

Medical MNIR spectroscopy has already
found and will continue to find several other
unexpected interesting applications. For
instance, since the beginning of the nineties,
MNIR mammography has being utilised to
support and further understand lesions
of the breast found with other imaging
maodalities. Differant optical signatures of
breast cancer are currently exploited for earty
detection and a rapid outcomes measure
to guide intervention.”™ In conclusion, the
applications of NIR in the medical field
are still growing, as witnessed by the high
number of publications (about 80 and 280
in brain oximetry and fNIRS, respectively,
source: SCOPUS 2014, Elsevier BV). This
growth reflects the increasing number
of clinicians and researchers who utilise
NIR spectroscopy  together with  the
new technological developments of MIR
spectroscopy for a broad range of medical
applications.
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