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Introduction

Cerebral oxygen saturation (Sc,,) measured by near in-
frared spectroscopy (NIRS) has been used clinically as
a noninvasive and continuous monitor. In evaluating
cerebral vasomotor reactivity, there was a good correla-
tion between NIRS values and cerebral blood flow
velocity determined by transcranial Doppler [1-3]. Two
commercially available devices, NIRO (Hamamatsu
Photonics, Hamamatsu, Shizuoka, Japan) and INVOS
(Somanetics, Troy, Michigan, IL, USA) demonstrated
that Sc,, measured by NIRS reflected the change of ce-
rebral oxygen balance under CO, challenge [4].
Further NIRS measurements have demonstrated its
usefulness for evaluating the cerebral oxygen balance
during cardiopulmonary bypass, as an index of cerebral
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injury [5,6]. In spite of such great advantages, there has
been no gold standard in regard to its absolute value
[7]. NIRS measurement could only report changes from
a baseline [8,9].

Near infrared light can penetrate skull and soft tissue
to some degree. In contrast to the infant brain, in the
adult brain there are some difficulties for accurate NIRS
measurement. In adult brain tissue, near infrared light
cannot travel in a straightforward way, due to the large
amount of myelin sheath. In addition, the thickness
of the skull and the area of the cerebrospinal fluid
layer had an effect on NIRS values [10]. Further, the
hemoglobin concentration affected NIRS measurement
and there was a significant correlation between the he-
moglobin concentration and Sc,, measured by NIRS
[11,12]. Here, we discuss how previous studies have
clarified the difficulties in performing accurate NIRS
measurements, and we examine the possible future of
NIRS measurement.

Contamination of NIRS measurement by
extracranial blood flow

Near infrared light travels through brain tissue and
returns to the light detector a few centimeters apart.
Changes in near infrared light intensity should reflect
the changes in oxyhemoglobin (HbO,) or deoxyhemo-
globin (Hb) concentration only in the brain tissue.
However, changes in HbO, or Hb in the extracranial
blood flow can be confusing in the calculation of Sco,.
Gurmon et al. [13,14] demonstrated the contamination
of NIRS measurement by extracranial blood flow by
using a tourniquet on the forehead in an early NIRS
model. The study was then repeated with a pneumatic
tourniquet inflated to a pressure of 200 mmHg at the
level of the supraorbital ridge for 3 min. NIRS included
extracranial blood flow. This would be a noise in Sco,
measurements.
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Optical pathlength

When near infrared light at specific wavelengths in the
window of 600 to 950 nm is shone through tissue, infor-
mation about the amounts of HbO, and Hb can be ob-
tained. To calculate the HbO, and Hb concentrations,
a modified Beer Lambert law (MBL) has been used, in
which the optical pathlength is included in the formula.
In brain tissue, near infrared light travels by scattering
and attenuating like an arch. Changes in HbO, and
Hb concentrations can be calculated by the following
formula:

AA =eL+AC

where “AA” is the change in light absorbance, “g” is the
mol absorbance coefficient, “L” is the pathlength, and
“AC” is the change in HbO, or Hb concentration. To
simplify the calculation with the MBL, the optical path-
length has been assumed to be constant. However,
previous experimental and human studies demon-
strated that a reduction in the hemoglobin concentra-
tion changed the optical pathlength [15,16]. If L increases
1.5 times as a result of hemodilution, but L is assumed
to be constant, AC could be 1.5 times the actual AC.

The thickness of the skull and the area of the cere-
brospinal fluid layer had an association with the optical
pathlength [17,18]. The skull seemed to have a role as
a channel of near infrared light. We tried to reveal
whether the thickness of the skull and the area of the
cerebrospinal fluid layer, and the hemoglobin concen-
tration had an effect on Sc,, measured by INVOS or
NIRO [15]. We used slices of computed tomography
(CT) images of the head corresponding to the position
of the emitter and detector of near infrared light. In the
CT scan image, the skull thickness and the area of the
cerebrospinal fluid layer were calculated. Regional
cerebral oxygen saturation (rS,) values measured by
INVOS 4100 had a significant association with the he-
moglobin concentration, area of the cerebrospinal fluid
layer, and skull thickness, but the tissue oxygen index
(TOT) values measured by NIRO 100 were not affected
by these factors, because the algorithm used by the
NIRO 100 is different from that used by the INVOS
4100. NIRO uses space-resolved spectroscopy, which is
free from the optical pathlength [19].

Various algorithms of NIRS

To remove the noise related to the optical pathlength
for more validated and sophisticated NIRS measure-
ment, algorithms of NIRS measurement have been
developed. In contrast to the algorithm free from the
optical pathlength, another trial, to calculate optical
pathlength, has been done, and this yielded a frequency-
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domain methodology, which combined phase-resolved
spectroscopy and spatial-resolved spectroscopy. This
algorithm enables us to calculate the optical pathlength
by a modulated near infrared wave. The ISS oximeter
(ISS, Champaign, IL, USA) is a commercially available
device using frequency domain methodology. Vernieri
et al. [3] reported that Sc,, measured by the ISS oxime-
ter had a significant association with cerebral blood flow
velocity during a balloon occlusion test of the carotid
artery, but these authors did not validate the absolute
values of NIRS measurement [3]. Further studies are
still needed to validate the NIRS measurement of the
ISS oximeter.

There is another algorithm which can calculate the
optical pathlength, the absorption coefficient, and the
scatter coefficient, with the photon diffusion theory.
Hamamatsu Photonics have developed time-resolved
spectroscopy (TRS); however, there have been few
human studies of this method for evaluating cerebral
oxygen balance [20,21]. We have preliminary data
for investigating the relationship between Sc,, values
measured by TRS and jugular venous bulb oxygen satu-
ration (Sj,,) during carotid endarterectomy (n = 23).
There was a significant association between Sco, and
Sjo, (r = 0.60; P =0.02). We also evaluated the associa-
tion between estimated Sco, (€_Scp,) and Sco,. Sc,, mea-
sured by NIRS included arterial and venous components.
The proportions of the arterial and venous blood
components were approximately 25% and 75%, respec-
tively [9]. Therefore, we calculated e_Sc,, according
to the following formula: e_Scq, = 0.75 # Sjo, + 0.25 % Sa,.
There was also a significant correlation between
Sco, and e_Sco, (r = 0.60; P = 0.01) Bland and Altman
analysis demonstrated the narrow limit of agreement
between e_Sc,, and Sco, (bias, 9.6; precision, 4.9).
The result indicated the possibility that the absolute
value of Sc,, measured by TRS would be reliable
clinically.

Conclusion

Previous studies have been trying to establish the
validity of Sco, measured by NIRS. Some limitations in
NIRS measurement still remain to be resolved. How-
ever, the developed algorithm—TRS—enables the cal-
culation of absolute values of Sc,. In the near future,
although further studies are still needed, the safety limit
of Scq, could be validated and applied for clinical use at
the bedside.



504

References

10.

11.

. Smielewski P, Kirkpatrick P, Minhas P, Pickard JD, Czosnyka M.

Can cerebrovascular reactivity be measured with near-infrared
spectroscopy? Stroke. 1995;26:2285-92.

. Terborg C, Gora F, Weiller C, Rother J. Reduced vasomotor re-

activity in cerebral microangiopathy: a study with near-infrared
spectroscopy and transcranial Doppler sonography. Stroke. 2000;
31:924-9.

. Vernieri F, Tibuzzi F, Pasqualetti P, Rosato N, Passarelli F,

Rossini PM, Silvestrini M. Transcranial Doppler and near-
infrared spectroscopy can evaluate the hemodynamic effect of
carotid artery occlusion. Stroke. 2004;35:64-70.

. Yoshitani K, Kawaguchi M, Tatsumi K, Kitaguchi K, Furuya H.

A comparison of the INVOS 4100 and the NIRO 300 near-
infrared spectrophotometers. Anesth Analg. 2002;94:586-90.

. Sakamoto T, Duebener LF, Laussen PC, Jonas RA. Cerebral

ischemia caused by obstructed superior vena cava cannula is
detected by near-infrared spectroscopy. J Cardiothorac Vasc
Anesth. 2004;18:293-303.

. Hagino I, Anttila V, Zurakowski D, Duebener LF, Lidov HG,

Jonas RA. Tissue oxygenation index is a useful monitor of histo-
logic and neurologic outcome after cardiopulmonary bypass in
piglets. J Thorac Cardiovasc Surg. 2005;130:384-92.

. Schwarz G, Litscher G, Kleinert R, Jobstmann R. Cerebral oxim-

etry in dead subjects. J Neurosurg Anesthesiol. 1996;8:189-93.

. Buunk G, van der Hoeven JG, Meinders AE. A comparison of

near-infrared spectroscopy and jugular bulb oximetry in comatose
patients resuscitated from a cardiac arrest. Anaesthesia. 1998;53:
13-9.

. Henson LC, Calalang C, Temp JA, Ward DS. Accuracy of a

cerebral oximeter in healthy volunteers under conditions of iso-
capnic hypoxia. Anesthesiology. 1998;88:58-65.

Yoshitani K, Kawaguchi M, Miura N, Okuno T, Kanoda T,
Ohnishi Y, Kuro M. Effects of hemoglobin concentration, skull
thickness, and the area of the cerebrospinal fluid layer on near-
infrared spectroscopy measurements. Anesthesiology. 2007;106:
458-62.

Yoshitani K, Kawaguchi M, Iwata M, Sasaoka N, Inoue S,
Kurumatani N, Furuya H. Comparison of changes in jugular
venous bulb oxygen saturation and cerebral oxygen saturation

13.

14.

15.

16.

17.

18.

19.

20.

21.

JA Symposium

during variations of haemoglobin concentration under propofol
and sevoflurane anaesthesia. Br J Anaesth. 2005;94:341-6.

. Kishi K, Kawaguchi M, Yoshitani K, Nagahata T, Furuya H. In-

fluence of patient variables and sensor location on regional cere-
bral oxygen saturation measured by INVOS 4100 near-infrared
spectrophotometers. J Neurosurg Anesthesiol. 2003;15:302-6.
Germon TJ, Kane NM, Manara AR, Nelson RJ. Near-infrared
spectroscopy in adults: effects of extracranial ischaemia and
intracranial hypoxia on estimation of cerebral oxygenation. Br J
Anaesth. 1994;73:503-6.

Germon TJ, Young AE, Manara AR, Nelson RJ. Extracerebral
absorption of near infrared light influences the detection of in-
creased cerebral oxygenation monitored by near infrared spec-
troscopy. J Neurol Neurosurg Psychiatry. 1995;58:477-9.
Yoshitani K, Kawaguchi M, Okuno T, Kanoda T, Ohnishi Y,
Kuro M, Nishizawa M. Measurements of optical pathlength using
phase-resolved spectroscopy in patients undergoing cardiopulmo-
nary bypass. Anesth Analg. 2007;104:341-6.

Kurth CD, Uher B. Cerebral hemoglobin and optical pathlength
influence near-infrared spectroscopy measurement of cerebral
oxygen saturation. Anesth Analg. 1997;84:1297-305.

Young AE, Germon TJ, Barnett NJ, Manara AR, Nelson RIJ.
Behaviour of near-infrared light in the adult human head: impli-
cations for clinical near-infrared spectroscopy. Br J Anaesth.
2000;84:38-42.

Okada E, Delpy DT. Near-infrared light propagation in an adult
head model. I. Modeling of low-level scattering in the cerebrospi-
nal fluid layer. Appl Opt. 2003;42:2906-14.

Matcher J, Kirkpatrick P, Nahid K, Cope M, Delpy DT. Absolute
quantification methods in tissue near infrared spectroscopy. Proc
Soc Photo Opt Instrum Eng. 1995;2389:486-95.

Ijichi S, Kusaka T, Isobe K, Okubo K, Kawada K, Namba M,
Okada H, Nishida T, Imai T, Itoh S. Developmental changes of
optical properties in neonates determined by near-infrared time-
resolved spectroscopy. Pediatr Res. 2005;58:568-73.

Ijichi S, Kusaka T, Isobe K, Islam F, Okubo K, Okada H,
Namba M, Kawada K, Imai T, Itoh S. Quantification of cerebral
hemoglobin as a function of oxygenation using near-infrared
time-resolved spectroscopy in a piglet model of hypoxia. J Biomed
Opt. 2005;10:024026.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


