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Evaluation of the Autonomic Nervous System Using laser Doppler
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Abstract

The purpose of this research is to investigate the
relationship between the blood flow and autonomic
nervous system which regulates the circulation system,
After the oral glucose tolerance test(GTT) the
velocity changes of the blood flow were measured from
the rnormal, hyperglycemia and diabetic neuropathy
using the laser doppler, The FFT. analyses showed that
the spectrums were concentrated around the particular
bands(0.02-0.166Hz, 0.8-1.1Hz) for the normal, while
almost uniform distribution of the spectrums was
observed for the abnormal.The blood glucose affects
the compliance of the blood vessels and viscosity and
finally causes the resistance problem in the blood
vessels, An index Pc was introduced, which was
determined by the ratio of the change of the integral
power spectrum in the range between 0.02 and 0.166Hz
to change of the biood glucose before and after GIT.
The index shows 1.0, 0.3 and 0.1 for the normal.
hyperglycemia and diabetic neuropathy, respectively,
As a conclusion, this spectrum analysis shows the
potential of checking the progress of the diabetic,
also can be used to evaluate the vasomotion which are
regulated by the autonomic nervous system,
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Fig. 1. Oral Glucose Tolerance Test
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Fig. 2 The pulse wave measured from a subjects finger
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Fig5 Changes of Blood Temperature during oral GTT
in Normal, DN(-), and DN(+), group
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Fig6 Changes Of Serum IRl Concentrations during oral GTT
in Normal, DN(-), and DN(+), group
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Fig. 7 Changes of Plasma Glucose Concentrations
in Normal, DN(-), and DN(+), group
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Fig. 8 {a) Changes of Power Spectrum during oral GTT
in Normal, DN(~), and DN(+), group
' —O— tarmat

--O-r DN {-)
—5— DH(e}

Max. POWEA SPECTAUM OF BLOOD FLOW
H

Fig. 8 (b) Changes of Max
in Nommal, DN(-), and DN(+), growp

ol2{qt Peindexs] W2 w9l 27, olabd WxndF
By UB AY s A=F uehd 4 gloq
Pgindex?] A#]’do] ol ol§ 727l slcia Mzbslein
th ool Ade ¥RPY AL UFRSEY Wl §&
SpectrunE Meof olsto] ¢RAF AMojshe A& UAA W
& WY 4 Sl Jhsd& # 4 Atk



1993 & ¥ K EHRE XS

wOXE H1sE A2 5% 93/11

548
DEF glucose?] Z7lo] niel ¥HPe 7148 8 4 A=
A U/ 4571 dYsictd Y3 glucose? vasomotion
o MYy BAZ ob|AzlE Aoz gusiojuct o)y
vasomotionZ Wefe] viscosityl} ¥|ZE &L compl {anceof]
HY¢ ¥} AY WNE Zysi= Aol oe
vasomotion® Aojsh= AZANZFA BAE 710 NAAY
B BN Aol griesiol AY YR walx
WA el Aol HYd 4 Ag Zolrh. YHwe ¥
HEN2 YA 29 308 ¥ insulined) YHJMY ¢
Aio] Wu dWAHIN-)e) B9 insulineule] AUty 2
Ay} Hzte dasold 4 et (17.19)
2)vasomotion&  FAUY  AS  0.02004  0.161Hz}
0.8-1. 11z Ao]8] BAZs4§ zhech Ty Puy 4
BAHDN-, DN+ )9 Z9 A Ful4gol AM spectruno] LIER}
3 Atk o] 2 vasomotion& AAMAF)E AAF e ol
c}h.
32 EAMe AAciA 38§ Z7MAA ALg FAE
£ @937lof ulel AP B Mol MM FrEny
P Y BAHON-, DN AP PR e gizje o
B2l 218-& 2elo] Y= Ao Pz oz},
4)Spectrun @2} 3 ofuale] WHEzl Yrixe) wjg
Poindexts B Pe=10202, Po(DN-)=03+0l1,
Pg(DN+)=01:008 2A va3 & & o HAE §
T oo ol poindext= YiA AU UPAT) ¥
£ o|8Y 4 A& Holt}
5)Laser Dopplero]d @& spectrumBd iy Mooy 3
Aol YWEUAE ZAH= 212 URAL DAY
kg PV AR JE, Yo wuSNY FWYyy
el ol & sheste)e} Aztgc) [20]

Reference

[1]1Cote, G.L. Fox, M.D., and Northrup, R.B., “laser
Polarimetery for Glucose Monitoring ,” Ann, Inter .
Conf. of the IEEE Eng. in Med. and Biol. Soc. Vol.

12, No. 2, ppd76-477, Nov. 1990,

[2]Cote, G.L. Fox, M.D., and Northrup, R.B.” Optical
Potarimeteric Sensor for Blood Glucose Measurement,
“"Proc., of 16th Ann. NE [(FFE Rioeng. Conf., pp

101-102: Mar. 26-27, 1990.

[3]Shepherd, A.P.,: History of Laser Droppler Blood
Fiowmetry. In Laser Doppler Blood Flowmetry. (ed. by
Shepherd, A.P., #&Oberg, P.A.), p. 1-16, Kluwer

Academic, Boston, 1990,

[4]Bonner, R.F. & Nossal, R.:Principles of laser
Doppler flowmetry. In:lLaser Doppler Blood Flowmetry,
(ed. by Shepherd,A.P., & Oberg, P.A.), p. 17-45,

Kluwer Academic Boston, 1990,

{5]Nilsson, G.E., : Signal processor for laser Doppler
tissue Flowmeters. Med. Biol Comput. 22:343-348,

1984,

[6]Johnson, J.M., et al.:Laser-Doppler Measurement of
Skin Blood Flow : Comparison with Plethysmography.
J.Appl. Physiol. :Respirat. Environ Exercise Physiol,

56:798-803, 1981.

[7]Laboratory standardization Panel. Current. Status of
Blood Cholesterol Measurement in Clinical
Laboratories in the United States:A Report from the
Laboratory Standardization Panel of National
Cholesterol Education Program. Clinical Chemistry.

34:1:193-201(1988).

[8]Koch, David D. et al. Testing Cholesterol Accuracy,
Performance of Several Common Laboratory

Instruments, JAMA 260:17:2552-2557(1990).

[9]Stein, J. H.. S. Boonjarern, C.B. Wilson,and T.F.
Ferris. Alterations in intrarenal blood flow
distribution, Methods of measurement and
relationship to Sodium balance, circulation Res. 32:
Suppl, 1: 61-72, 1973,

[10]Diabetes Mellitus. Report of a WHO Study group.
technical report series727. WHO Geneva, 1985,

[111Griffiths, Peter.r.: DeHaseth, James A.Fourier
Transform Infrared Spectrometery. Wiley, New York,
1986.

[12)Gerald L. Cote, Martin D.,Fox, and Robert
B. Northrop. “Noninvasive optical Polarimetric
Glucose sensing using a True Phase Measurement
Technique” IEEE  Transaction ON Biomedical
Engineering. Vol. 39, No. 7, July 1992,

[13)Muller, A., "In vivo Measurement of Glucose
Concentration with lLasers”, Feedhack-Controjled and
Preprogrammed  Insulin Infusion in  Diabetes
Mellitus, Workshop Scholars Reisenburg 1978, Georg
Thieme Vertog Thieme-Stratton Inc., Stuttgart, New
York 1979,

{14]Browne, C.A., and Zerban, F.W., Physical and
Chemical Methods Of Sugar Analysis, John Wiley &
Sons Inc. New York, London: Chapman & Hall, Limited
1941,

[15]Junichi Sugenya, Satoshi Iwase "Laser Doppler
flowgetry” A& YA 5040 43 55(723-728) 1992.
[16]Yalow et al ; Natural, 184 : 1648, 1959 : Akamura
et al, 'Bioch, Biophys. Res. Com 38 : 947, 970)
[17]Serjrsen, P. Cutaneous blood flow in man Studied by
freely diffusible radioactive indicators ,scand.

J,clin, Lab, Invesf., Suppl 93: 52-59, 1967

{18]G. Janatsch, J.D. Kruse-Jarres, R. Marbach and H.M.
Jeise, "Multivariate Calibration for assays in
clinical chemistry using attenuated totalreflection
infrared spectra of human blood plasma™. Anal.
Chem, Vo!. 61, pp 2016-2023(1989).

[19]Turner, A.P.F., and Pickup , J.C., ‘“Diabetes
Mellitus: Bjosensors for Research and Management”,
Biosensors(1): pp 85-115: 1985.

[20]Peterson, C.M.Diabetes Management in the 80's. The
role of Home Blood Glucose Monitor and New insulin
Delivery Systems, Praeger Special Studies Praeger
Scientific: 1982,



