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Application of Near-Infrared Spectroscopy in Neurological Disorders
Especially in Orthostatic Intolerance
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Near-infrared spectroscopy (NIRS), a noninvasive optical method, utilizes the characteristic absorption spectra of
hemoglobin in the near-infrared range to provide information on cerebral hemodynamic changes in various clinical
situations. NIRS monitoring have been used mainly to detect reduced perfusion of the brain during orthostatic stress for three
common forms of orthostatic intolerance (OI); orthostatic hypotension, neurally mediated syncope, and postural orthostatic
tachycardia syndrome. Autonomic function testing is an important diagnostic test to assess their autonomic nervous systems
for patients with symptom of OI. However, these techniques cannot measure dynamic changes in cerebral blood flow. There
are many experimentations about study of NIRS to reveal the pathophysiology of patients with OI. Research using NIRS in
other neurologic diseases (stroke, epilepsy and migraine) are ongoing. NIRS have been experimentally used in all stages of
stroke and may complement the established diagnostic and monitoring tools. NIRS also provide pathophysiological
approach during rehabilitation and secondary prevention of stroke. The hemodynamic response to seizure has long been a
topic for discussion in association with the neuronal damage resulting from convulsion. One critical issue when
unpredictable events are to be detected is how continuous NIRS data are analyzed. Besides, NIRS studies targeting
pathophysiological aspects of migraine may contribute to a deeper understanding of mechanisms relating to aura of
migraine. NIRS monitoring may play an important role to trend regional hemodynamic distribution of flow in real time and
also highlights the pathophysiology and management of not only patients with OI symptoms but also those with various
neurologic diseases.
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Figure 1. Near-infrared light paths from source reaches to detector in
human brain. CSF; cerebrospinal fluid.

ofollA T FEL W gk’

NIRS= Z29J4te o185 FujoflA ARE 2941 2 em
0] ZlolHA| St Al AR mEsHA| EH, SEA] o
A v B0 ARE e o RiE 34 em
ovl A9 Fulol] mtaichFig. 1)

2 700-900 nm ] LA QAo A wl-- ”—% =5
7}1@ ek o] te Ble o Ao SEA & Jiliﬂ
9F S| SR A QLS ofsto] k] wE o] ke
§].E tﬂ};]‘_ J,]-zl—sl— 2~ o]r;]. \ﬁ ] A‘&IAH/\(Hbo)g]_ L_/]\_§:]___l
A)2:(HbR):= 700-900 nm 1} th<foflA] =of| Blsf A4l o=

AT ABR, AA ol RARE LAQAC] e ok &
Ashd W54 22 HbO2} HbRO| ke Mol Ak 4= 9
ot Ajsta o g 41749l Bel7 Akl it ARGl =t
= 7HA9E @9l Wi HbOS] =5 S7HAI7]AL, HbRO| =
FAAZICE’ T892 NIRSE &of ylo] Abbhisl e} 2k
ool ¥ o] HskE & 4+ Sith(Fig. 2).

AARo R Ho] dRAEE WobA Hbool HRO| Fiei At
=, 152401 A% S mapping) 5 AH AAEOR GRkE
ok TRt A2 o] Mg tho] @ =9} 5 thol L v ERRjE 1
E(mesh) THEHA] AFHO $HAQ1 ARE 2D FEiRE e
WA e 2|weske) BAle] e} d= RS tEA #8d
ALk 2t Aol o 2 Bepd Aol iRt 24 §
3} =5k mdlE] 7|Ho] JdtE]HA] NIRSE o]83) tf] ZAE
Of ket ¥ A=s} dt o wEA F& AvES AlMskL

a\ﬁ

HN

O

{o
r°1‘

e/

Absorption Spectrum of Hemoglabin
8 T T T

[N w IS
T

Molecular absorption cosfficient (1/emmh)

0 1 ot L
600 650 700 750 600 850 500 950 1000
Wavelength (nm)

Figure 2. Absorption rate of HbO, HbR, and water according to
wavelength. HbO; oxyhemoglobin, HbR; deoxyhemoglobin.
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Figure 3. Baroreflex pathways works to maintain postural normotension. Baroreceptor afferents (purple) synapse at the NTS. The vagal component
of the baroreflex (sky blue) runs from the NTS to the NA and sends efferents to the SA to regulate heart rate. The adrenergic baroreflex pathway
(red) runs from the NTS to the CVLM, and from there to RVLM. The adrenergic pathway continues with sympathetic efferents from the RVLM to
the interomediolateral thoracic spinal cord, and from there to autonomic ganglia and to the heart, arterioles, and venules. NTS; nucleus of the
tractus solitaries, NA; nucleus ambiguous, SA; sinoatrial node, CVLM; caudal ventrolateral medulla, RVLM; the rostral ventrolateral medulla.
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Table 1. Blood pressure changes during Head-Up Tilt test in patients with orthostatic intolerance

Orthostatic hypotension

Postural orthostatic tachycardia syndrome

Neurally mediated syncope

Baseline HR
Orthostatic HR
Supine blood pressure

Normal

No significant change

Normal

Decrease >20 mmHg for systolic BP or

Orthostatic blood pressure ~10 mmHg for diastolic BP

Normal Normal

Increase >30 bpm Sudden decrease at syncope

Normal Normal

No significant change Sudden decrease at syncope

HR; heart rate, BP; blood pressure.
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