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B . #RiT s /N T #% (Electrical fastigial nucleus stimulation, FNS)XtJR & #4577 f B F LR
(Primary open-angle glaucoma, POAG) LM B & M A MR EREM. HiE: RAFERR
BILIHF M2 HIPOAGE K 24424 R IR (FH94E#41.0 + 10.20)F4E# . HAIMILE KR EBH26
426 AR (PHER38.7 £ 12.8F5 )W . FT A ZRE 30 min B RIB/D T . K FH AL B L4,
PR BE 43 AT A (Oxymap T 1)K ET 5 40 B _E 30 ik K i - ¥ ik i SR R B AR Ak . ER3R
P 4L 52 3R e 2 NS TS A0 P s L 8 o S PR A 8 % B IR R A 0« 45 57« BB/ MR T A% 30 miin ),
REPOAGEESa0BHBAT A&, HERFRI%E L (t=-2.484,p = 0.021). [, FNSHERIPOAG
BB HAL N BB BRI BB AR Y KA it 2B X (t = -2.330, -2.113, p = 0.029, 0.046) . FEIEFEX}
FR4H, FNSHI¥E, Sa0:. SvOFIAVDHEA BE A (all p > 0.05), REMMESKERZKT KE
Gt X (t=-2.629, p = 0.014). £5it: FFIB/NRTRALR BT TKPOAG B 2 VLI IS0 ik 1 BL43,
FHIg AR B M BERE, AT YRR AL MAR AR 2 AR I8 T SR 45T B e AU e 2
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Abstract

Aim: To determine how electrical fastigial nucleus electrical stimulation (FNS) affects the supply of
oxygen to the retina in primary open-angle glaucoma (POAG). Methods: Twenty-four patients
(mean age 41.0 £ 10.2 years) with POAG and 26 healthy volunteers (mean age 38.7 + 12.8 years)
were included. Both patients and volunteers received 30 minutes of FNS. Oxygen saturation and
the diameters of one major temporal artery and vein were measured using a spectrophotometric
retinal oximeter (Oxymap T1). Oximetry was performed at baseline and after stimulation. Retinal
arterial (Sa0:) and venous (Sv0:) oxygen saturation were evaluated according to the difference of
the extinction spectra of haemoglobin and oxyhaemoglobin. The arterio-venous difference (AVD)
was calculated by (Sa0: - Sv0?). Statistical analysis was performed to investigate the difference in
reaction to FNS between the two groups. Results: A significant increase in oxygen saturation
caused by FNS was only found in the retinal artery of patients with POAG (t = -2.484, p = 0.021).
Further, stimulation induced both arterial and venous vasodilation in patients with POAG (t =
-2.330, -2.113; p = 0.029, 0.046, respectively). In healthy controls, there was no FNS-induced
change in oxygen saturation (all p > 0.05) and significant vasodilation induced by FNS only oc-
curred in the retina veins (t = -2.629; p = 0.014). Conclusion: FNS induces an increasein retinal
blood flow and retinal oxygen saturation in patients with POAG. It may offer a new approach to
providing neuroprotection in patients with POAG or other ischemic optic neuropathy.
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1. 5|8

HOLIR 22— M EENBCE W, M HZA SR 2 R R B[] AR M AE IR
(Primary open-angle glaucoma, POAG) M #H £ 451 T AL 322G HUOE DA A, B 1 mfRE,
KB Z HUESE R, B SRR IR R METT M B OGIR M A8 R e Hh e g S A 2] [3] [4] [5].

FHf) 8% /)N i T A% (Electrical fastigial nucleus stimulation, FNS) UL R4 HLHY, FH AW iE st B
LR A 4 22 AR AR 97 AR FR AT 20761 Doba %[ 71T 1972 451 56 0052 21 i ) o TR0 mT 484 i 250
S Jok ) AL g B 0 e R R R AR SRR A, SR ST FNS AT IE e i e S PR ok A AR5 A R A 9 A
HX P22 RS8R I, TN AR MR, OB EI, e A X A BR8] [9]. S T-HRZ)
K RER A BB 530, AR T IR RE M —5, FATAEHAE FNS 0] LI i gk, I
ERRF M ZRIMER . FAHEE10]UEE R I /AN TIAZ 7T A 8 sk LA B AR . BHATS A A
S FNS H T i PR 9 JIE 505 (V6 T IR IS — 87 211 [12]. H s T B 5 2403% POAG
AR, H AT R WA SRR IE
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HurgidE SR Gy J7vk, #8 H by 35 22 KR [ (Intraocular pressure, IOP). EESA POAG £ #HHIH N
IRVERL PP 22453 338 SR AL Z 0, IS AR R AT A BOG ImAR EE  A 2 i a7 s A o R B
FINE IR X o AHIF FEAI A= RN R 15 2% 28 ) A2 7= R o L5 A R (CVFT-01 IM) X POAG 3%
SR H AT FNS HI, S PR 5 i S0 A R0 B 53 BT A (Oxymap T 1) PEAS AT i A0 DX I 1 A7 i 407
R e i3 BAR A, A POAG HIFTER LA TT S 458 i 88

2. BT
2.1. MREMR

2018 4F 8 H~2019 4 12 HAEEHRHER [R5 2B [F] 5T b & 2= e IRBHIT 5812 (1) POAG &3 Ml
R B EFE T, A 24 6] POAG EEMAMNbRIE, FHEFCA H IR R SCL R 1 RGN
T, EVHRIH H CHR L ET B, BEALIE R —BREE N 7T, [FIBT 4NN 26 15170 B i HR0 f 4 B e R 1 fi
FREREE, MNLERE IR IR, FOUIRA: BvE 14 A, Lotk 10 A, 508 21~58 %, “TIFE(41.0
£102)% . IEHXHEA: B 12 A, &t 14 N, Fild 22~63 &, FIJFR(38.7 £ 12.8)% . Wi [a]4F i
ZERIGFE (1 =-0.712, p = 0.480). LA TR S N2 RF R R 55 54K, HEFG
PP B £ 23 5142 2017 4F 12 A& fieitt, PSR s e  Hm, HREZRERE.

POAG AAAr#E: 1) HRE > 21 mmHg (WIS =K - PHRETHRAE); 2) BAT S5 IRE A
F/BAR M I 22 27 4 245 3) BA ORI ET S 4) ARIE SR B Ao M. HoA DL RO IE A
A &)U T =0T BT 2 BN POAG.

POAG HEbrprifE: 1) HAMIA L 2) AHRAFARL; 3) MBStk BRI 4) A A 5%
BRI BB . FEE OGRS 200 . )k kP 28 S IR MW AS: 5) JEJGRE > +4D: 6) A
M FERW S A S0 7) BAREETEREM. B IR R LR RO 238 A e E I B .

22. ARFE

1) 2 # FNS | R

@ KH Snellen ¥R M E BRI AT IERL A5 @ SR LN H 35506 (SV20GR-2100 AL)HEAT /)
B @ RAETIRENERE: @ TRETIRTBSSE, FAG T EMANE, HERREERK
B ® MR (CCT, A-mode ultrasound); © FELIHLES £ A (Humphrey, 30-2, SITA-standard); @
OCT A& 7 40 WX 5 1 22 41 4 )22 J& £ (RNFLT, Spectralis, Heidelberg, Germany).

P SZ R B AEFARARE 5 min 5EH B MUETHIE M, 25010 U4 £ (Systolic blood pressure,
SP)F47 5K [ (Diastolic blood pressure, DP). 35/ ik E(Mean arterial pressure, MAP)FE 4 24 it 55515
MAP = 2/3DP + 1/3SP. 28 Ja i1 5P 34 HL #E £ [ (Mean ocular perfusion pressure, OPP): OPP = 2/3MAP — IOP.
B ke B 2 SR d sk ok, F TRl S IR S 4 A

2) SEHTTIE

K B AT AR T ee& 2w AR R i HL 07 AE FEURIBU (CVFT-011M; Renhe Medical Equipment Co.,
Ltd., Shanghai, China) 52 & S it 1 ¥ /N i TAZ FEL I . 44 P9 A TR R A B T 52 3K 2 O ) L R Ak I
R R, RIS R) 2 30 mine AXASBEESHON: Bl 1, HK 131%, 58EZ 70%~90%.

3) AR DX I I AV AN B R L AR D

AT E TEFE S FNS JIBET A R S5, 28 Oxymap T1 AW I 407 A0 4 HT{X (Oxymap ehf.,
Reykjavik, Iceland) i A7 40 94 JI5% i 420 6 R E % 1A B AR D5 o S2 A R8T A &2 5 #E It < (5% phenylephrine
and 5% tropicamide; Singi Pharmaceutical Co., Ltd., Shenyang, Liaoning Province, China) 78 7> UK fL . &%
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FERE 2 YIE R 20 min 5, BUARGL, SFBH27E Oxymap T1 HRJEHEAHHL T 6 & AL AE U0 S, fEAME
WAL H AR 515 S2 A IR A AL TR b oo RIS B HDC R BB R M. (WS 5. 1) ML
FRMURHEALEE; 2) DBIRAZ 50 Ws; 3) HRIREMRTER 507 4) RAOCIGRAEZ . RS AR 577 nm
A1 600 nm P IR KA KGR G0 E ShFlE SO0 B AT RE I o ) — A AR ROR O3 R AR
Bz 2 Ao IR R 3 K

RGP IR 1) &R IRUEF R 0 S i S e M — sk AT 704 2) SR e T RAE
IR Eor il fEfa20h 1. 1.5 MU EA% (disk diameter, DD)FRRAE FLG B, BT 0t S G B
RIS A BEAT ;s 3) AR > 8 pixels, MFEAT I EBIKAIERIK % — &I 0. N EEDT
S EFRISNEA AL G B AT & 1) AIERN; 2) AIEDSE 3) HATIAE BT KEE
i, EMBIEAE; 4) 1E FNS RIEUE RER B d, FIEE D AREEE . BEs, I Il ZR
(RO AE o an SR b 8 VA i 2 LR 2 P BB K, P AR R o S EALGRR RIR T HRAT & 26 AF 10
M. A E I 1R,

Figure 1. Site of measurement at the fundus. The measurements were performed within a peripapillary annulus with an inner
radius of 1 and an outer radius of 1.5 optic diameters. In this fundus image, the superotemporal arteriolar and venular vessels
have been selected for analysis

E 1. MMELENECEER. —F17EH 1 DD FABF—312% 1.5 DD HSNBEIR R — MR, BT
X3 AR L BBk FIER Bk B Bk P T4

it Oxymap T1 BLE#44:(Oxymap Analyzer software 2.5.0.10927; Oxymap ehf. )il & 73 By 3% 5 40 W JiEE
I P I S VLR R AT L LA o TR g L VRS 5 I AR AR D[ 13 ], 00 A B o, AV A6 40 AT 5 e 1) 1
I AUV P (R 00 1 2 o o Pl I 7 AR ) 3 I i A R B BRAEG, S o Py ot A0 R B2 5 AR 0 i 58 ELAR AT
RIE. Geirsdottir 55[14] [15]4HE75, AN R ELAR FORL IR I A7 FR) <52 o I UV AT RE 5 AR T 81 A U IE . Bhfbk
MAAMIAIRE = EME + 1.16% x [EL 2 (pixels) — "I E T (pixels)]; #FMKILAMAIE = EM — 1.16%
x [Ef(pixels) — P E AT (pixels)]o A e ARHE 3R 22 3R 73 5ol I e Ffe 3 of A8 (%) 00 Do g 59 ok of e v A
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J¥ (retinal arterial oxygen saturation, SaO,)FH A% %4 15 5 ik Ifil % 12 1 & (Retinal venous oxygen saturation, SvO,),
I 5 AU PO 1T 42 VR P B B ik % (Arrteriolar-venular difference, AVD) = Sa0, — SvO,. AT % 5 I & ) 1 &
HAE. Sa0y. SvO, LA K AVD ¥JHIIALEIA G340 IS & — R, RS BCFIME.

2.3. G EAE

KH SPSS 12.0 (SPSS Inc., Chicago, IL)Gi vt/ M AF AT 70 b Fr #dls DL x £5 TRk . FNS il
BORT JE 280k 22 AT O ¢ 4556 . POAG ZLRN IE 5 % PR ZH 22 18] 1) 22 S b AT MO A A ¢ /556 . p < 0.05
NEFH G FE L.

3. &R
3.1. FNS RIBATEL%ER

POAG HEFHFIEH ST IRALZ MRS . ARG, YR IRIE. MRS, sk L&
IREVE R 2 A E 2 5. SIEW X IRALARE, FOCRAMEE 2, WML 42 EH, 29651t
B /NETIZ FREHT, POAG i 45 IEH X IE4LE, Sa0,, SvO,, AVD, ZIFkEE, PLA#EKE
12 B 22 S S5t 275 X (all p > 0.05) . SZAG 10— BB W E L2 1.

Table 1. Basic information and ocular biological parameters (X + s )

=1 MRNEREREERRBEDSHERN (T +5)

R POAG &4 IEH TR pfE

BIEL (IR ) 24 26
F () 41.0+10.2 38.7+12.8 0.480
PRI/ 59) 10/14 14/12 0.389
JEEE (D) -1.86 +1.89 —-1.61 £3.45 0.753
IR [ (mmHg) 19+5 18+4 0.376
£ R RS (um) 552430 540 + 30 0.340
LT3 B4 (dB) -9.93+11.39 -2.03+1.16 0.000
PR A2 22 )2 (um) 68.13 +23.95 104.89 +11.26 0.000
12 ik (mmHg) 93.3+10.5 89.8+ 6.4 0.197
457 R #E3F  (mmHg) 434+88 418+4.4 0.479
Sa0, (%) 95.02 + 8.59 94.41 £5.59 0.767
SvVO;, (%) 61.69+7.14 60.24 + 6.68 0.461
AVD (%) 33.33+8.29 34.18 £7.71 0.710
Bk B 1% (pixels) 12.30+2.79 12.64 +2.84 0.670
ik B 12 (pixels) 15.89+£3.76 16.57+2.33 0.442

POAG, ERMFFMAENIR: SaO,;, MMEBNIKMAAMAIE: SvO,, HPINEHEIK I A LAEE: AVD, AW ML A B Bh i ik 72 .

3.2. FNS 5% 47 b B I &5 ¢ 70 FE B S i

£ POAG H# 4, Sa0, RS, ZRASGITEEN(t=-2.484, p = 0.021), i SvO, fl AVD Hill¥E
Ja A AR, ERLLG R L (t=—1.813, 0.475, p = 0.083, 0.639). fEIEWXTMELAL, H¥/5 SaO,-
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SvO, LA K AVD ¥ 2 ARk (t = —1.055, —1.963, 0.901, p = 0.301, 0.061, 0.376).
3.3. FNS RIExH 1 S I & B 2R R0

FNS H¥5, POAG 3 HIRLIM 2N kA ik BRI B B 5K, SBKEBIIBETY 7k 4.45%, Bk
I 5K 7.78%, ZERHA Giitaam X (t=-2.330, —2.113, p = 0.029, 0.046). 1E ¥ X} IR ZH A5 40 WX s 55 ik i 4t
THERE ST 5K (t = —2.629, p = 0.014), BHIBETY 5K 2.54%, WS BKEIEE Tk 1.60%, HZERT
G N (t=-1.613,p=0.119). FNS HIBTE P A% A 51 R IR K 23 sh . S280#% FNS 36T IR
S H B TVENE 2.

Table 2. Changes of retinal blood oxygen saturation and vascular diameter after fastigial nuclear stimulation

= 2. MR R AR M E M E D EEENTL

4 T RS t{l pfH
POAG 54
Sa0, (%) 95.02 + 8.59 96.63 + 8.69 —2.484 0.021
SvO, (%) 61.69+7.14 63.89 £ 7.65 -1.813 0.083
AVD (%) 33.33+£8.29 32.74£9.62 0.475 0.639
Ik B 4% (pixels) 1230 +£2.79 12.70 £2.36 -2.33 0.029
PRIk B2 (pixels) 15.89 +3.76 16.69 +3.34 -2.113 0.046
Al & (mmHg) 1945 20+7 —-1.688 0.105
TEH xR
Sa0, (%) 94.41 £5.59 94.95+5.56 -1.055 0.301
SvO, (%) 60.24 + 6.68 61.45+5.60 -1.963 0.061
AVD (%) 34.18 +7.71 33.50£7.43 0.901 0.376
Ik B A% (pixels) 12.64 +2.84 12.82+2.84 -1.613 0.119
Ik B4 (pixels) 16.57+2.33 16.97 +2.34 —2.629 0.014
IR R (mmHg) 18+4 17+3 1.953 0.062

POAG, JERVEFFMMTICI: Sa0,, WLMBLEINKIM AL, SvO,, LRI A AIE, AVD, 10 L 4 b RE Sk 2% .
4. Wi
IR AL S PSR B AA T RE R T AR R S8 IRIMAEEA L, [ B3R Thee kM, i
A AT, MLE RGO ORI S IR RS 4] [5] [16] [17] [18] [19]. X Lefafr X 2= # A Al AE 51
TP RS R4 22 L3k 1) L SR AR I i o A0 B L ST R B A BT S — A L R TG 81 FEAR N AL A s S
ERIAR . FIFHAA MALE A EAUMLLE XA RO R SR A R R, 256 THENLEE i
A, FRECHE R K577 nm F1 600 nm) T AR (5 4 A AP e S B St 400 A e L 4 v A P 1 B 58 o )
FZHAR, SIFRKES X POAG B M AR IR R A TE, FHHIESE T POAG B FE M H I
AR AR S5 [20]-[26]0 BRI, 38600 e v A i AU B R ) 250 ANE 7 A R T 5 JE IR AP 2 R8T T
N THUAZ AL - 58 DO i = T, SR BRI, K/ 10 mm x 5 mme. /NI TAZ A5 1 IR 2 A G [ 5
ZIL R ZMAAYE R T . IIBUNE TR 1] Xy 1 B e 2 20 4, 51k SO P U 7k, 380 i 0 i
s NI 8025 0 SR L DX T, Bl R I PR I 453 35 (6] [9] [27] [28]0 BRIGIMAN &L ML ALAE, FNS b4k
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SR I B AT A R M A e, I S SR, AR S A R T, R R 2 A SR AL SR R A
YRR LRI ERI[29] [30] [31] [32]. HET, RAGAEDH, AR SLI0 /NN TR H SR 38T A o] ) /0N i
PRI PR M A7 A RSSO & F TR A8 S5 I I YR T, o S e SR IE 33] [34] [35]. BT
AR ML BE R IR TN B0k, T MR & A 2 IR T IR AN IR, 2R TR sh & fipe . s
LH S MNELIRIE W IR R B AR AL R 2 AL [36]. FrLA, FNS 380 o i (7 2 1 [ B 19
IR ERIEER o 7 S5 [3717E W 70 Hh R I F RN /N o TR 5 £ 25 P 30 J L0 388 o £ [ B, 00 L
WA —EREENB . TFEBZE10]CWEES] FNS /i S AN E 55k skALZE[11]34T 7 FNS ¥R
I R PR B A I AR %S, I FNS AT B o5 A MDA, R AL n . ALEF K A0 e 1]
HH I M 104 DR 55 o 1 9 AR A5 1 2] R SIE B U ST PO BR /N 06 T A o] ke I, P33 T 3 50 P 4 I B 2L 2R 453495
HBRYEH. BRIEAR A & FNS X POAG & IO7E R, DAKOGE A0 I A5 i 420 R 2 52 0 (1) SRR AR

O PR B 100 97 i B AR 957 2 o o 002 AR )™ ke g 398001 [ 38 ] o 368 3 ) 5 0L/ T 40 S 0008 PRA B 1 97 1)
A4k H R A AN 2 I8 G — R J7E[10] [39] [40]. AHFFTH, TG HR 238 W0 B 5 ik A2 975K 4.45%,
PR b A P 6 1t S P AR 2 it 39 o T ERAT A ] Oxymap T1 A0 o 5 it 420 7 60 52 7 B £5Oxe A0 I B 5 ik I
SECHRLRIEE (R 5 AIE SR T FNS AT DA A0 R f155 2 ik o 20 LR B8 38 s o DR, FRAVTAE B B ARMS FNS ] id el i b
PEY KA, BI040 DX R I Y Y A I SRR L, MTT 22 AR POAG BB R I, A5 S SR AR VR

IRERIE I Sh e AR AR PE 2 R 427 A4 B 2 VAT IR EE IR P Th 66 2 10 R R v
WL P ARG, B AT R A A RO, A2 S R G R AR E 2 [41]. 1T POAG B H )
AT T RE RS A T BET HE 0 IR 0 A A YR T RN R NBEAN Rl . FEARE T, FRATT R IE T
SHEKFIER K MAA AT . 7F FNS HIHT, POAG B FHAMIERH X RA 2 H L Sa0,, SvO,, LK
AVD YJEAES . (RS PIRATRIL: FNS Y51k i 4 2R WL IS A 1) A4k, (HAREEAR R AHXS T
IEFXTIEZH, POAG B3 %F FNS MBI . HAE POAG B8 H SaO, il F)5 A B3 m, [FKf, FNS
i POAG HBFH MBSk ER Ik BRI B 5K o 1078 155 6 R ZE,  FRATT A BIA 19X I 25 Pk AR Ak 1)
AR YA R U, I B Tkt R AR AR AR RS . IE 6 B2 A IR B ik FNS S A
T AT B A% 5 A0 R I A7 FE 2 0 1 ST T Re, RO HER (A0 DRSS i 5 25 0 ok A A8 2 i — e i
WAARFEAE AT AR B PR B %o MR, POAG FE 2 I L2 i Rk 20 A S 47 o DU 3wk 5 00 P R i 6 1 20
TR o D LI I IR HE R 1 SR T B DIAL R i R T8 A IR [36] [42]. BEFUHRE H BT R TiE
SRR e AR 51 L AR I R S RME AR A R HE VR T, SR A IR ER JS LR (R R e [43] KA 72 2RI
POAG H#HMAMIGEHE, MEREIER, ek AmsE A mgEErThae R, JHRIE TRk
BN T AL IR N R G 5 BRI [44] [45]. ASSEIGSE R POAG B3 FOARL I IR L X FN'S )
SN T IEH R, S — AN S2 3 _BiR POAG &35 My iEvE E 3h iR 5 5% 8 sk

FNS 7EHR B R i R B TS AL TR AR R I B, AR SRR N 1 8t b, NS AT T B
T, X POAG 35 I R 24 0 75 B KRR AR J B8 22 R AT S PR AT T SRR T o LR, AR 90 VP A% (1942 FNS X
FASCIMAE (O RENA, R A A R R I A Tk B2 ()R, 45 SR e A R e 4 AR B A0 I B R Ao 428 114 1.
WM. =, Z5RRINFHFICIREFMHANIECIRAYAR . &2 TR UKL, FEEEHH
AR 25 U e % IR | AT MRAVE I o B R T G400 4] 770 o iy 2E AT 270 3% DA% B MR 45 T B 4 S M R0 I I af 3£ [ 20
[21] [43] [44], AE H F7SCHERFRIE T 5200 A0 R0 R I 50 VA0 B R0 AT R e RN B BR IS I 4610570 201 [21], 7EAREH
BEPIFRAEEA.

L LRk, FNS 0] LMER IR A 5K POAG &35 WR I B 20 kR Bk I A%, 38 R X S 5 ok 1t
AR T IR PUER MR A VR T SR AL T I HT S . {3 FNS ISRy RIE . 2 FACFRIME AL
B, B TR AE E SR I AR I PR S50 AN B 4 S 56 i gk — AR ER I A 5K
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JEEE, RONAE, EI, & JRURMEIT A S IR R R LI O L R [)]. IRELETHERE, 2020, 40(6): 587-592.
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