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Abbreviations : HF, high-frequency component; LF, low-frequency component; LPNIR, linear polarized near
infrared ray; nHF, normalized high-frequency component; nLF, normalized low-frequency component; QTc, corrected

OT- OTed rarractad (YT Aianaraian: NTA OT dicnorcinn



AR YL AR R RARTAE T IR 4T - LA~ D W 253

HoIB A TRV A VEREEES C O D 4 <, RIREE
i~ LPNIR B3 4 B 005 V2 B T O BRI A AR &
TWa,

ARSI IO, 4 ORBRAEERBEORKE L R LD
AL b, LMEFEOF &L LTEEREHZ L LT
B LEZEIRIET B b BB MG E IR O S I A Y
BHIEH Y, RD SATE~ DL & 0 ARG B A5 7T
TAHEFEFICIE AL, S OHPENE 2RI &
DT LY, FRNEAELOMENR ML ZAAID - LIS
DR RIE AT T B Z LA ST A s o
WERNE, ARSI TE B O LR L B AR S A 0 [ & &
ELTHWTED, ZOHBVHREEDOTERTHEI L
FRLTWA, RIS A TR IR % b 72O 38
FE LT, BmfETE, Eamosiofd HE sy
—HEOWKIZ L B Y T b — PR O S hE R 5L R S Hi oD
WA & 2B H B

S0 U R SE B O R LA A JE A O 0 L SR IR IE D R
Wit LT, pIENEEORSHPHMTHL I LIEELD
KEBERREIC L Y ST b Mz ghTnd, LeL, 2
SEWFFE DG & D O R ERR RS LB T2 v TEW
CopDOMERDH L, Tabb, o BEEOMERATHILTY
Lvy, BEEEOIEGIZ L) BREROTy T L Fab—Ta
> (up regulation) 238 2 A, 4 SEMERGEI O AR — iz &
BREENR IR IR DT B, RIREFIED REEIRIZ ISR
Flaenidy b EOMEE LS B, ZOHIZEL, FEBETE
FENREAT T DT H o 225500 QT HE R AR e 2 T WK
W 7Oy 7 BFNTHho e OWEFALNER SN
2 12)13).

AN OBSEANR IS HE 7 £ 7138 8T A H 385 £ /15608
HENZ D B HBRTR 258 - T, BARFIREET % LR 2R MhARET 12
FEL, T TR % MR O BN R D IR 2 B 1Y,
Z O Fz 8 BRSNS B M DRI IC K E &
A B ITT. B0 LEETEROEE L, BT
VTR O LR AR TR AT A L2 &, DA O R AR R
DRGSR & HR LB S D ARG ST
WD F ey 2 b L A RSEE & X o 2T SO S R IR
B UM R IRIE R & 123 QTERMEHERICB VLT
TEMESRARRE 70 v 7 OFHEATRENT B P00 2
NHOHEE, EHEEARITHORY—E %0 BT ERD
FAEIZBE L, EM0IRA R O & L E IR
RSB Z EERLTWA, Lzdt-> T, EMERMSREEE~
@ LPNIRBSHZ & 0 /2000 I8 e AR i B A8 hl & Auuid
ARFIEEIMND 2\ T gENFIE L OBERICE D EH» oI RE
S BB R A IR O LV iaFRE & L B RS S 5

FIC4HE, BRMEH O LPNIRBHOTERIZHT 5
BRI A Ot I & oA 720, FRERMSTTELE
T ALK L EERE REOCERICB XITTEEL, TE
S-S LAPRREcry MG A RPARIY - il i AN ES B 7 k3
e L 7=,

HEBLUHE

[. LPNIR O EKEHRa " DBRICS ST THE
1. 3%
FAEMEE 204 209+ 0.7, FHERHLRIEERE) &

EACHE20 A (62.0 £ L7 R & Lz, HETEITVTh,
TR LR R BTN L , MEMOBELS LTULERT
RAEH RIS T, MRS IE 130 mmHg, $5EEILE
8 mmHg LT CTh Y, »ofiEigiid 25 kg/m* LT Th o,
ARk, EMESTT RO 5%, BAER, WHX
SN LRSI, MLy FILEROCERBEER AN
LHAE v Y HETHS PR REFALRT, Wb b IERRR
B ST-TEL & B L EBITh o 7. 2BIZRBFZEO R,
M%E, THEMED H 5 A0HEIZ oW THBL, #mIZ&LaREE
7.

2. Fik

1) LPNIR® SIRAE T ET

LPNIR i&fEse e LT A— 28— F 4 4 — HA550 (HBEER, W

TS L7, A—23—F 44— HA-5501%, 4 EIfFHIL7cL
v A2z MEFEE, RKETI500 mW E TOH ISR,
109 = EAZRL I A0 1009% T I0EMOMMAITTE S, i
IR g e A 7 WiEDTH Y, T A 7 L E TR
T & R I & L HL CRESEATTTETH 5. SRIOHF T,
SHETONRS Y2 ) =y ZIZBIT 5 TARAER I Gy 0k
SEVVEBREIZLT, INNETOW, A7 LR 2RI, 47
il & Lz, MHIBEERE OSBRI L > X2z
bAgE ML ST CHE LIGAT LA, BEEE 12 35O [ SR
T, 10RO IALH, HELERED 10 A LBk
B 10 NS RSIR AR RS %, SR 10 ASEM R
ARAMERET IS 2 107G L 7.

2) B 12 FHELEROTES L VBRI O

i 12 3O B ORI, LERRHEFKA100 (77 5
BT, R AL, BEWI05, 109, H105F TS
ez, R D HEES0 mm/F, BE0S mV/emTiTo 4. &
AR B 100G ORREME, QTHME, WiHE V.4
VO T % AFETIEL, FOFHME RO, EH
SRR PHEICHEIT & 5 T AL L TR ICHE < FIRM E R A2
L, EEISTROTEAT TOEMEL TEMmE LTIEL
to. FTEOBERESHIT AR L EREDEAETHED
BREEERL, QRSEDIEED L TIROWREE TOWRN%E
QT E L=, &, SEOHETHOWIEHRE D QTH
i s R K QTHEE & Lz, QT M & E1TRRIEHE D
B4 & ) I QT (corrected QT, QTc) M i % Bazett D™,
QTclibE= QTHM/ CEFRRER) I h BB LA QTH
[EIE s o & (QT dispersion, QTd), QTcHEMIE L2 & (QTe
dispersion, QTed) IZIFERFE D FEAQT ¥ /21 QT MIE & i/
QT £ -l QTeHlED#EE L TRD 7.

II. LPNIR QB iREZEHRET MU REBICS LETH

1. %%

FEELE10% G05 2.7/ #xidRE Lz, &fl, SEhA
EEEREL, WHXRER, DRBEERE, PLy FIL
AN LERNRERLATLHAF v VRETRER 2L, Wesh
ROEBOLVERNTH > 7. EFICKEOBR, NE, o
BEMD BH B EHEIZ OV THE LEHEIC L 2 MEE R

2. Kk

1) LPNIR B4R FFEE R ST

ARG HRES ) RRUERE IEHE O LERITREOMETES & Mtz L
7o e R R, Ry — ODEMESEEBEL 105




4 e

254
Table 1. Baseline characteristics in young women and middle-aged women with right and left stellate
ganglion irradiation
Young women Middle-aged women
Variable RSGI LSGI RSGI LSGI
Age (yrs) 21.0%0.0 20.8+0.2 62.5%£2.7 61.5£2.2
Height (cm) 158.8%1.8 156.8%1.0 157.3+1.2 155.0£1.7
Body weight (kg) 49.941.1 51.6%=1.6 56.1£2.1 56.6+1.7
Body mass index (kg/rnz) 19.8+0.3 21.0£0.5 22.7%£0.7 23.610.7
Values are expressed as X+ SEM. RSGI, irradiation near the right stellate ganglion; LSG1, irradiation near
the left stellate ganglion.
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Fig. 1. Effects of RSGI on RR interval (A), QT and QTc interval (B), QT and QTc dispersion (C) in young women. Results are expressed
as X ZSEM. @, RR interval; M, QT interval; &, QTc interval; [J, QTd; A, QTed; QTc, corrected QT; QTed, corrected QT dispersion;

QTd, QT dispersion; RSGJ, irradiation near the right stellate ganglion.

Table 2. Effects of RSGI on T wave amplitude in young women

During RSGI After RSGI

ECG leads Baseline 5 min 10 min 5 min 10 min

V, (mV) 0.1224+0.021 0.1200.019 0.121£0.021 0.117%0.020 0.119£0.020
V, (mV) 0.4760.050 0.463£0.047 0.45310.046 0.460:0.043 0.468+0.046
V; (mV) 0.557+0.049 0.550+0.052 0.550+0.048 0.55310.049 0.559£0.052
V, (mV) 0.516=0.050 0.519£0.047 0.518+0.046 0.520+0.045 0.529£0.048
V; (mV) 0.422+0.042 0.432+0.042 0.429-0.039 0.433+0.039 0.428 +0.043
Vg (mV) 0.331+0.034 0.345+0.031 0.341+0.034 0.348 0.033 0.362£0.040

Values are expressed as X=SEM.

electrocardiogram,

RSGI, irradiation near the right stellate ganglion; ECG,
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Fig.2. Effects of RSGI on RR interval (4), QT and QTc interval (B), QT and QTc dispersion (C) in middle-aged women. Results are
expressed as X = SEM. @, RR interval; M, QT interval; &, QTc interval; [J, QTd; &, QTed; QTc, corrected QT; QTed, corrected QT
dispersion; QTd, QT dispersion; RSGI, irradiation near the right stellate ganglion. Statistical difference between baseline and RSGI.

*##p < 0.01.

Table 3. Effects of RSGI on T wave amplitude in middle-aged women

During RSGI After RSGI
ECG leads Baseline 5 min 10 min 5 min 10 min
V, (mV) 0.130£0.024 0.138+0.025 0.136::0.025 0.1270.026 0.126+0.026
V, (mV) 0.263+0.037 0.26740.035 0.270%0.037 0.272+0.036 0.267£0.036
V, (mV) 0.403:0.044 0.411£0.049 0.402£0.047 0.395+0.046 0.38520.042
V, (mV) 0.398+0.055 0.41940.068 0.411=0.062 0.399+0.060 0.3890.050
V, (mV) 0.387+£0.056 0.403 +0.074 0.397+0.068 0.377+0.061 0.3640.044
V, (mV) 0.339+0.050 0.356+0.062 0.3460.059 0.333+0.050 0.327£0.034
Values are expressed as X+SEM. RSGI, irradiation near the right stellate ganglion; ECG,
electrocardiogram.
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Fig.3. Effects of LSGI on RR interval (4), QT and QTc interval (B), QT and QTc dispersion (C) in young women. Results are expressed
as X £ SEM. @, RR interval; M, QT interval; &, QTc interval; [, QTd; A, QTcd; QTe, corrected QT; QTed, corrected QT dispersion;
QTd, QT dispersion; LSG], irradiation near the left stellate ganglion.
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Table 4. Effects of LSGI on T wave amplitude in young women

During LSGI After LSGI

ECG leads Baseline 5 min 10 min 5 min 10 min

V, (mV) 0.191+0.034 0.187+0.035 0.187£0.033 0.194+0.035 0.2010.034
V, (mV) 0.2803:0.056 0.2680.049 0.268£0.047 0.27020.047 0.267%0.046
V; (mV) 0.466 +0.077 0.45340.073 0.454=£0.075 0.456+0.076 0.455+0.075
V, (mV) 0.554%0.074 0.533£0.067 0.5440.070 0.551£0.071 0.556%0.071
Vs (mV) 0.520+0.054 0.4970.049 0.509+0.053 0.519:£0.054 0.524+0.053
Ve (mV) 0.394+0.032 0.380:0.028 0.385+0.031 0.397+0.031 0.400£0.031

Values are expressed as X +SEM. LSGI, irradiation near the left stellate ganglion; ECG, electrocardiogram.

o
i

Baseline LSG

Fig. 4. Typical example of experimental records showing the
effects of LSGI on electrocardiogram in a middle-aged woman.
LSGI, irradiation near the left stellate ganglion.
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Fig.5. Effects of LSGI on RR interval (A), QT and QTc interval (B), QT and QTc dispersion (C) in middle-aged women. Results are
expressed as X -=SEM. @, RR interval; B, QT interval; 4, QTc interval; [, QTd; &, QTced; QTc, corrected QT; QTcd, corrected QT
dispersion; QTd, QT dispersion; LSGY, irradiation near the left stellate ganglion. Statistical difference between baseline and LSGIL

* p<0.05, ** p <0.01.

Table 5. Effects of LSGI on T wave amplitude in middle-aged women

During LSGI After LSGI
ECG leads Baseline 5 min 10 min 5 min 10 min
V, (mV) 0.148 +0.027 0.14240.025  0.142£0.027 0.141+£0.027  0.133£0.025%*
V, (mV) 0.368+0.073 0.353+0.068 0.347+0.064 03350061 0.334:£0.057
V, (mV) 0.392+0.088 0.380=0.080 0.367:£0.079 0.367%0.079 0.362+0.076*
vV, (mV) 0.3540.056 0.331£0.057 0.324£0.055 0.314£0.057* 0.314=£0.056*
V, (mV) 0.273£0.029 0.24940.029  0.238:£0.030* 0.243£0.030  0.2300.029%*
V, (mV) 0.2440.025 0216+0.025 0.212:£0.028 0.207£0.026* 0.207==0.025*

Values are expressed as X+SEM. LSGI, irradiation near the left stellate ganglion; ECG, electrocardiogram.
Statistical difference between baseline and LSGI. *p<0.05, **p<0.01.

Table 6. Effects of RSGI on heart rate variability in middle-

Table 7. Effects of LSGI on heart rate vartability in middle-

aged women aged women
Parameters Baseline During RSGI After RSGI Parameters Baseline During LSGI After LSGI
RR (msec) 84143 873146 899 £46% RR (msec) 89946 90542 92145
nLF 0.59+0.06 0.51+0.06 0.48+0.07 nLF 0.48£0.07 049+0.06 0.51+0.06
nHF 0.41+0.06 0.490.06 0.55£0.05* nHF 0.55+0.05 0.51£0.06 0.494:0.06
LF/HF 2.0240.50 1.44+0.40 1.09+0.28% LF/HF 1.09%£0.28 1.35+£0.37 141036
Values are expressed as X = SEM. Values are expressed as X = SEM,
RSGI, irradiation near the right stellate ganglion; nLF, LSGI, irradiation near the left stellate ganglion; nLF,

normalized low-frequency component; nHF, normalized hight-
frequency component; LF/HF, low-frequency component/high-
frequency component.

Statistical difference between baseline and RSGI. *p<0.05.

normalized low-frequency component; nHF, normalized hight-
frequency component; LF/HF, low-frequency component/high-
frequency component.
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Effects of Linear Polarized Near Infrared Ray Irradiation near the Stellate Ganglion on Electrocardiogram and
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Abstract

Linear polarized near infrared ray (LPNIR) therapy system is a new phototherapeutic system which can provide a deep
penetration in the living body. It has been reported that LPNIR irradiation near the stellate ganglion shows the same clinical
efficacy as a blockade of stellate ganglion in patients with pain syndrome and Raynaud’s disease. To evaluate the possibility
that this procedure can be a new noninvasive therapy for arrhythmias, the effects of LPNIR irradiation near the stellate
ganglion on electrocardiogram (ECG) and autonomic neural control of the heart by analyzing heart rate variability (HRV)
were investigated. The ECG study included 20 middle-aged women with nonspecific ST-T abnormalities and 20 healthy
young women with normal ECG. In each group, 10 women received the irradiation near the right stellate ganglion (RSGI}
and the remaining 10 women received the irradiation near the left stellate ganglion (LSGI). After 10-minute rest in a supine
position, RSGI or LSGI was performed for 10 min. LPNIR was irradiated using 70 % maximal power output of 1500mW
with cycles of 2 sec on and 4 sec off. The HRV study included 10 healthy middle-aged women. The subjects were placed on
a supine position for 10 min and received RSGI for 10 min. Followed 10 min later, LSGI was performed for 10 min. Power
spectral analysis of HRV in the frequency domain was performed using maximum entropy methods. In the middle-aged
women, RSGI significantly prolonged RR interval. LSGI significantly shortened QT interval from 444 & 15 to 431 = 13msec
and QTec interval from 464 £ 13 to 445 £ 11 (p < 0.01, respectively), and decreased QT dispersion from 43 =& 6 to 28 & 6ms
and QTc dispersion from 44 &£ 6 to 28 £ 6, (p < 0.01, respectively). T wave amplitudes in the left chest leads were decreased
after LSGI. However, RSGI and LSGI did not affect any index of ECG in the young women. In the HRV study, RSGI
significantly prolonged RR interval and decreased low frequency component/high frequency component ratio from 2.02 &
0.05 to 1.09 £0.28 (p<0.05). LSGI did not affect RR interval and any parameter of HRV. These results suggest that
LPNIR irradiation near the stellate ganglion is expected to have sympathetic inhibitory effects in patients with augmented
sympathetic nerve activity, so it is possible to be a new apparatus for the treatment of arrhythmias such as long QT syndrome.



