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Abstract

¢ AIM.To evaluate the efficacy of intravitreal ranibizumab
injection (IVR) combined with subthreshold micropulse
(STMP) in the treatment of diabetic macular edema
(DME).

e METHODS: Retrospective study. A total of 98 DME
patients (98 eyes) admitted to our hospital from March
2022 to March 2023 were enrolled and divided into two
groups based on treatment methods: the control group
(49 eyes) received STMP yellow laser therapy alone,
while the study group (49 eyes) underwent combined IVR
and STMP yellow laser therapy. Comparisons were made
between the two groups regarding best corrected visual
acuity (BCVA), retinal neovascularization (RNV) leakage
area, parafoveal macular thickness ( PMT ), foveal
macular thickness ( FMT ), central retinal thickness
(CRT), and foveal avascular zone (FAZ) area, quality of
life was assessed using the Chinese - version low vision
quality of life questionnaire (CLVQOL), and complication
rates were recorded. Additionally, serum levels of nitric
oxide synthase ( NOS) and vascular endothelial growth
factor (VEGF) were measured before and after treatment
in both groups.

e RESULTS: At 3 mo after treatment, both groups
showed improved BCVA compared to baseline, with
reduced RNV leakage area, PMT, FMT, CRT, FAZ, and
serum levels of VEGF, while serum NOS levels and all
CLVQOL domain scores were higher than pre-treatment
(all P<0.05). Furthermore, the study group demonstrated
superior outcomes in all these parameters compared to
the control group (all P<0.05), and no ocular or systemic
complications occurred in any patient.

e CONCLUSION: IVR combined with STMP yellow laser
for DME improves visual acuity, reduces RNV leakage
area, PMT, FMT, CRT, and FAZ, modulates serum NOS
and VEGF levels, enhances quality of Ilife, and
demonstrates good safety.
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macular edema; macular thickness; nitric oxide synthase;
quality of life
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il b P 35 BE K it ( diabetic macular edema, DME) {E
AR IR 9 ORI 3 72 G U AR, R DR S8 3 I 0 AN AT 3
ey EEEED . FIL, DME & 4E 5 B RS W AT .
PAFE DME Il RYA YT # SR FHIOGTRYT , 58 st ) 16140 1) i
£ &, WBIEMK M (subthreshold micropulse , STMP ) # i
JEIE AR BT DME I PRYA YT, H Rk 25 1 VR 0 W i
3% LR A, 057 08 0 408 AT R0 I B2 40 7 R R
HU STMP 8 OGIRIT AT — 2 JR B , 4n 4 bifi 25 A0 S 1F
FEANWIRA AR T ISR B B, 22 001 A UL 2% &
7N, B RS R R R B BT A N B R K AT (vascular
endothelial growth factor, VEGF') 251697 DME &R B 3%
EL SR AL DME IIfi RIGIT 10 # B 5 €17, $L VEGF 254
WHERPAPLE ML FDA H#LEF T DME VY7, BEES A s 3 5
FREAHT (intravitreal ranibizumab injection, IVR) fE 1% [H. thr
VEGF 54551 32 R FH 25 A, BHL W7 15 R 20 10K I 7, D % ¢
BEK M B I e . ARWESE B AESHT IVR B A& STMP
HHOEIAYY DME A 8k 24k,
1 3 &IFE
11338 BEPERFGT, P8 2022-03/2023-03 A8 F
A1 DME £ 98 £ 98 B}, #R4EIH YT Jr =NAS[F] 43 < X R
2H 49 5] 49 BRORH STMP B HOBIRYT , A5l 49 fi 49 HR
KH IVR B STMP 3 BOGIRIT . A APRAE. (1) 4F 6%
>18% 5 (2) AT MR EaA e B[ 235 12 wk; (3) 45
2 RUBHPRAG (12 Wikn ot 5 (4) 54 DME (932 Wiks ™ ;
(5) HIR#H12 DME, H K3 DME MH83R97 . HEBRA5
W (1) BRAE A B 35 A s 3 5 25 036 97 90 0 8 380016 e ik
SERYT L (2) EEAE AR E PN CBEME  (3) AIFH
EHRFERGER , W N (4) AREHRE AL 5 (5) X IVR STMP
WHOCEEIRITAE S . AR AR BEAS BEZ: B &AL, Br
HZH5HEHMEREIABEE BmaERE .
1.2 75 XTIR4LR ] STMP 8 BOGIA YT - R OB HL %
PRAEFRNE L Sk B L Bk el e
(5] (P o, T 8 37 96— 3 % I W 3 . A 5 A/ 1E Y AL XY
JE, H 100 mW FFff 7526 3 18 RBOE D) R B E R 8 4%
R WL GEE, A I B ) E it I BE Y 509 BV 1 (i fE
i, BHOEE . MR RE 5% , R EAL 180 wm , BEEHT [A]
0.2 s, 2 S 4x4 WG, JCIHIE, S6HEE F Y 52 %
TS5 K DI OCBER A (R ) 2R e RS
B, WFIT4 R A IVR Bk & STMP ##0O6R)7: T
11 : 000 fA B 4% 5 24 3.5 mm 405 10 mg/mL 1Y T BR BAHT
VRS 0.05 mL 248 4 565 E 3 35 A Jis P, 12 539 5 BE i F
M F A TS S ZI . IVR JAYT 2 wk J5 FHAT STMP 2
WOEIRIT IBIT T RN B REELE IR 2 A T R b
FENRMNR S, AL FL AR ; 55 K3 FH 0.5% 22 S 300 B T R
4 R s 3-7 d,

BT IEREYT 3 mo, VRYT TG IE S LA R e A5 (1) R
B PR /N B AL 9 38 K A B A 7 IE A /7 (best corrected
visual acuity, BCVA) , 8¢ 310 # if # 5 i LogMAR 1 /7 ;
(2) o FH IR RS 2¢ 6 28 1l 45 1 5% DU o 400 IR0 o A= I 45
(retinal neovascularization, RNV) BRI F; (3) R A
AH T BT 2 413 ASORS A T 55 ] 5.9% 6 bk i ik HIR Y HIC R | s
AEHUEUE TOLA T W2 R ARG T 0 T T A
FE, CEALAT T 5, A TG 2 A0 1 W7 J2 45 4 15 3 5
[ AngioPlex #:05E R 3 mmx3 mm # HAY 5414, 252
L O 2 A4 10 4 PRI T LA 43 R A 3L e )t B R v (M
%Eﬁ(parafoveal macular thickness, PMT) | #5&EF .0 B B
(foveal macular thickness, FMT) . "0y % I i J&L BE ( central
retinal thickness, CRT) . " (> [Y] JC Ifil 4 X 18] FR ( foveal
avascular zone,FAZ) ; (4) 87 i J5 B as B K LS mL, 2
O, 73 B TR, DATHEEBR 62 52 W RRF 32 A6 0 i 375 — 4801k 2605 Tl
(nitric oxide synthase,NOS) . VEGF /K- (5) 2k FH H SC i
BRI 175 A= 15 B & 2 ( Chinese—version low vision quality
of Life questionnaire, CLVQOL) "' ¥4 £ 3 Jii £, CLVQOL
Sea AR 25 AN B B B IO 12 A4
H RTRES 4 N6 H AR TAE S A4 H H#E
TEAET1 4 A% H 4 5 B4 0-5 43, By 125 43, 1357
s 0 WY AR 0 BT 5 (6) 10 SRR T R O R K A
TH o,

GEih2# 5007 A SPSS 23.0 3 M B, £ A IE S 4y
T OB R B X £5 bR 25 2R IRIT TG AT
BCRTAEAS ¢ K 50, T 20 1] BU AR 8 Sr A ¢ A6 3 5 114K
PR n( %) Fos AT RITRE . P<0.05 B2 %A 51t
E -9
2HR
21 MABRFRITA—MABRILE WHBEFIBITHIT—
eGEOR U E S B RS T L (P>0.05) L 1,

22 MAEREIARITHIE BCVA L JRITRI AL &
BCVA W22 R G2 L (P>0.05) /7 )5 3 mo, P
A BCVA BETIRITHT, EUFFE 4 8% BCVA AL TX¢
WAL, 22 A GEiH 4 5 L (P<0.05) , W3k 2,

2.3 FABRERTAIE RNV 2REREE AITaTmgl
B RNV BIRHARILE2E R T L (P>0.05) i
J7J5 3 mo, PIZH IS RNV B I AE/NTIRY7 T, BT
2 RNV Blw i BUN T XA, 2 5 WA S22 E X
(P<0.001) , W3 3,

2AWAEBEBTRIG PMT LB RITHTNALE S PMT
F# 25 04027 L(P>0.05) BTG 3 mo, BI4L B
PMT B/NTHRSFHT, HAFFEAH B PMT /N T-XF Bi2H | 22 5
P g3 L (P<0.001) , WL3& 4,

R1 FMABFRTI—MRALILE

P (B, % )

B BEK PR ES (AR, %)

2H 5 1850 (IR % SN 3y FEFEF ¢ A . .
H 5] % (IR%D) G % R (xEs, %) BEIRIEEE (XES,a) B B )
ot HR 4L 49 27(55)  22(45) 60.28+8.34 16.24+4.11 14(29)  23(47)  12(24)
| 49 25(51)  24(49) 58.47+8.62 15.71+4.23 20(41)  20(41)  9(18)
X2/t 0.164 1.056 0.629 1.697

P 0.686 0.293 0.531 0.428

TE X B R FH STMP S5 IOGIRYY 5T 4R IVR BEE STMP S HOGIARYY ,
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x2 WMHEHEBFH/EBCVALLE  (xEs,LogMAR)

x5 WHEEETHEFMT LEE  (x£s,um)

2057 MRE  JRy7AT RT3 mo o P iRl IR %% YRITHT WA 3mo ¢ P

X B2 49  0.71£0.18  0.61x0.16  7.456 <0.001 XHEEZH 49 328.32+43.54 237.58+18.43 26.878 <0.001
iR 49  0.67£0.21  0.54x0.13  8.524 <0.001 WHotel 49 332.37+45.02 216.64+17.47 32.571 <0.001
t 1.012 2.377 ' 0.453 5.772

P 0.314 0.019 P 0.652 <0.001

T X RRAL R STMP 53806697 s S 4R A IVR BE G STMP
HHOBIBIT .

F*3 WAHABREETHE RNV 2REMREEE (¥£s,mm’)

20 5 R %4 WA AP 3mo ¢ P

X iR 2 49 22.27+3.32 18.18+2.23 17.066 <0.001
Wt 49 21.86+3.15 14.73+2.11 31.353 <0.001
t 0.627 7.866

P 0.532 <0.001

N RRAE R STMP 8 BOGIR YT s WE 9T 4R A IVR B STMP
HHOLIRIT .

x4 WABRZEBITHEPMT LEE  (X£s,pm)

205 IR %% TRITHT I 3 mo t P
paplicti:| 49  337.51+39.67 287.32+21.26 17.074 <0.001
R 49  341.05+38.52 268.24+19.45 25.240 <0.001
t 0.448 4.635

P 0.655 <0.001

X IR LR STMP #8067 IF 75 44 % i TVR k4 STMP
HHOLIBIT .

25 MABEBTEIG FMT LB QYT RTPI4 B ¥ FMT
W 2R TG 5 L (P>0.05) ,JAITIG 3 mo, M4 B E
FMT $/NTFRI7 T, EFsE g FMT /N T XTI, 2 5%
YA Gt X (P<0.001) , WL 5,

2.6 MAELERITHIG CRT Lk GIF AT I4L R CRT
W 2R TG4 E L (P>0.05) ,JAIT)5 3 mo, M4 B H
CRT BI/NFIRITHT, WA B CRT /NT XA, 25 %1
BEit2rE L (P<0.001) , WE 6,

27 MABEETRIE FAZ LR JRITHIAA R HE FAZ
W2 R TGHE L (P>0.05) ,JAITIG 3 mo, M4 %
FAZ ¥/NFIRITHT, FR B3 FAZ N T XTIEAL, 22 %1
i3 L (P<0.001) , W& 7,

2.8 MAREBITEIFEMME NOS #1 VEGF K FE Lk A
ISP RT PR 4 3 I NOS Fll VEGF /K- L #% 2 S ¥ B 401
5 L(P>0.05) VAYT G 3 mo, HiZH B3 1135 NOS ¥ T
IRYTHT, VEGE PR TIRYT AT, A B3 1113 NOS &
TXHRRAL, VEGF IR T X R4, 2 R A G it 2# 8 X (P<
0.001) , W% 8,

29 FWAEEAFHE CLVQOL EXRRUEEITH LR
IBIT AT CLVQOL it 3R 45 4 FE 7T 43 LA 22 S ¥ 0
Gt #R X (P>0.05) ,JAI7 A 3 mo, PR4LE#H CLVQOL
AR TIRITRT, BWFIE 4l R X g, 2 5%
YA Gt X (P<0.001) , W% 9,

A0 HAREBTEHEELZERBR BEUI 3 mo, IRE
HEAH AR 2L 2 Il i 5% S AR A B A 25 R R 8 K L
WOGBE S, AT B A & AR IR S 4 B 9 R HE

736

X HRZH R STMP 5 0OBIA YT s W5 41 R IVR B4 STMP
HHOLIRIT .

®6 WHBERTHIG CRTHE (X+s,um)

28 531 %5 VRIT B E3mo ¢ P
YPHRZH 49 437.94+52.59 251.74+25.32 22.331 <0.001
WS4l 49 442.15+50.28 236.58+23.67 25.894 <0.001
t 0.405 3.062
P 0.686 0.003
N IR R STMP & 0GR Y7 s MR 5T 2R A IVR B A STMP
HHOLIRIT

R7 WMABHFEBTHRE FAZILE (xxs5,mm’)
215 HR %5 Ny gill] VBTG 3 mo t P
XPMZH 49 0.31+0.06  0.26+0.07 9.683 <0.001
W 49 0.29+0.07  0.21+0.05 15.847 <0.001
¢ 1.519 4.069
P 0.132 <0.001

X HRZH R STMP & OBIA YT s WF ST 41 R IVR BE 4 STMP
HHOGIRIT .

R 8 WAHABERITHIFIE NOS 1 VEGF 7k F b8

x+s
NOS(U/mL
ap g o os(U/mh) iP
IRIT R JRITIE 3 mo
SHEAZH 49 40.58+10.12 92.47+15.46 46.433 <0.001
ot 49 38.64+11.23 106.38+13.82 67.193 <0.001
¢ 0.898 4.696
P 0.371 <0.001
VEGF ( pg/mL
an o oot ee/ml) bP
AT I GITJE 3 mo
SIRH 49 260.65+44.24 151.47+31.18 34.224 <0.001
WFEeHl 49 255.27+48.63 94.15+26.74 44.901 <0.001
¢ 0.573 9.768
P 0.568 <0.001

N HRALRH STMP 88 066097 s iF 5T 4R F TVR B STMP
FHOEIRIT .

31Tit

KM FRSE BB ] 5 | R PR A8 N AT A
REBRE . BHEIT AR AW A, ZFh DEM I8Y7 )7 52
BMA BN 2 A ) (R 259 Risuteganib ) | I 45
Az UER -2 A AR (AR 25 1k 3 P BT ) L (B BT VEGF 3R
JPARSR & DME [ —ZRIG97 I £ . AR 45 RN,
IVR B STMP #3506IR 7 DME, AT H& & B LT, 18]
RNV B, X 5 Tirkseven 25 P0G R 255 4R 8
— 2, AWTESE R M IVR 3097 RE 9% A SR 5 BEK i
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*9 WMASHFBTHG CLVQOL EXRZHE TN LR

(X£s,57)
" TER T RIS B KRk
211531 MR %1 o Z‘A t p
eV BITJE 3 mo
XHHRZH 49 15.63£3.58  25.56+5.91 23.081 <0.001
R 49 16.14£3.11  34.23x4.72 53.043 <0.001
t 0.753 8.024
P 0.453 <0.001
WATRE S
2051 HR %k R S t p
NEVR:i] VBIT)E 3 mo
X 49 5.14+1.45 10.03+2.12  31.975 <0.001
W 49 5.03x1.14  12.18+£1.85 53.192 <0.001
t 0.417 5.349
P 0.677 <0.001
" TG 40 TAE
wH O PP
PEV ] BRI A 3 mo
X4 49 5.89+1.14  10.42£2.15 28.382 <0.001
W 49 6.03x1.35  13.73+£1.86 57.382 <0.001
t 0.555 8.150
P 0.580 <0.001
" H% A 15/E N
I G e ' P
TRIT R VBITJE 3 mo
YR 49 5.41£1.73 8.02£1.68  19.583 <0.001
WhgEeH 49 5.53+1.51 9.97+2.09 29.451 <0.001
t 0.366 5.090
P 0.715 <0.001

N BRAE R STMP 8 BOGIR YT s WF 9T 4R A IVR BX & STMP
HHOEIBIT .

FRIE BB STMP B BOGIRYT , i STMP B BOGIR YT 4F
M R FEAE SO BE BRI I (e 2 e AR, 18 5 L)
PR TRz )2 AR e B, B D BB X AR,
BT RS F TN, B SRR T s DME BT, 18/
RNV BRI, AR5 A, IVR A STMP #&#0OGIATT
DME 738/ PMT FMT .CRT .FAZ, Z 45 B IRIESE IVR
Ay STMP #080OGIATT DME HIAG R0t . e s 450wk gy
W IVR IGY7 DME AR HR J5 6 599 P v MG i 487 IXOE 24
CTERR | JE R SR TR B2 48 00 1 T8 1 28 I R 28 S, i AR fF
XN, IVR Bk A& STMP # #5614 97 DME 7] Jik /N FAZ,
T AT BT AR 2598 5 R S 25 I R a5 AP 2 7Y
JER AT RESE . (1) B S 25 WF 58 A4 T TVR, T A B
FENJESE R IVR 3897 FHE IS STMP #06IRYT 1A
I7 T EWEA ARIR ; (2) Hon T A XIEAS (HAL R &
R BE P 80 ) A8k 52 2 R R 2, 51 4 DME ™ 8 F2
BEAK 28 0 26 | R NG A5 B 5E R 4R i DME ™ H AR
JE E BRI R A AE ) ROk T R TVR BRR YT 4
S, BE IVR % DME (3% FAZ (5200, IF40 41 DME (%
FAZ 2R %

NOS ] fiff {4 &7 5K , 76 4 2 HR RS 10 06 26 | O 3 1 48
PR R A0 T e A R Y L NOS ke Ik T 5 300
AN T = e N B i v O s /N ) i 7= W
S, #EmfE S DME & 2B W 1% e . DME 098610 & 95

MLl A BR T MR  HREE R A, KRR
VEGF 4~ 5-A 1M — ¥ I 55 B e 35 o' &5 & BE AR F
LRI, VEGF BERSAE I T 0 T I8 P9 iz 40 - i 52 4k,
AC AR A P PSR L 1 S M R T 5 | A L P B i B AR
e 45 B8R IVR B4 STMP 8 B0OGIAYT DME, 7] 175
I3 NOS \VEGF 7K~F, IVR Bt4& STMP B iOGIR YT e
FEIBT VEGF 54557 11 32 AR A 45 &, BEL U 255 55 2 9K s 17, O
IREETEK i B I fE . STMP % BOGIA T T S 4T
IVR BRARYT , REGZ B I 0, 5 0T IR B Bk i, 1) T
WG TR RE R, H STMP B3OGIA T e i 35 AL
JESHE S, FE 1 0] R R IALYE VEGF /KA, 35 Bk H it Mot
VEGF 254y, il il VEGF-VEGF 32 /{5 51 4 1 3 1% i
RHAER, A s s 5aF 5T & 8, IVR Al g 38 o 8 1
miRNA 2535 M T 455 VEGF 3517, % 4h, IVR K&
STMP B J4OEIR Y738 PTAR 4P i 45 BE | 00 i i A8~ 1 JUL 4 i
A%, HEWE T YE NOS /K-, IVR BA STMP BHOGIA
Y7 I T AR S T 5 A RO AR i N TR
FI T 158 NOS 164

S E A RE 4 T S B DME X Fg A= B OB 4
LA )ZM M, DME B35 H 0 28, BREH N
AR S ARG A BRRE A PR, H AR 06 20 75 K5
b RJB, A 16 i R A Rk, R PR I R IR T A R
PR RIS e 22 8 4R R A 0 T, AR WE Y A R R,
IVR B4 STMP B OGIAYTT DME, il il B AR 16 i,
325 F IVR B A STMP # 3t iR YT DME M9 A 2014,
STMP #5350 T BE£EMEAE 00 I (5 3% 1 iz 40 i, B B
B E & i LT RO IR YT R v R sk
B AT I I 5 2H 2R 32450 5 T TVR 3o B 17 B 24 W0V 4
PER N7 11— AR BF e BRI 45 TVR B STMP B 30GIRYT
RERC P IR DME J3% (BT BE K I, 235 LT e, DME &
HE B BT P T RE TR A AL S PR H O AR
YDAt N R, A 905 3 A 3 A5

2 ERTR  IVR BEA 1A 97 DME, nf $2 /3 5 3 40 0, i
/N RNV B I #2  PMT  FMT ., CRT . FAZ, #7717 NOS |
VEGF 7K, M08 (B 5 AR i, e ety . AT
AREZAL (1) AR RN, HRIE S —; (2) WEFE bR A8
AT BN SE 1T 45 2H TVR (STMP 5 0% 8 58 3897 IR B
(3) BT A4, R KHIE TVR BeA STMP #30%3397 DME
BE /D IVR \STMP ¥ #OG & IR Y7 AL, H SR IVR |
STMP B #OGIRYT DME (457 %R L I R) 14 75 1 300 Bl 1 56
iE, IVR BKA STMP B HOEIRYT DME AL 17 340 75 K
FEA ZrhuOimIRBF SR SE . A, A58 AR % & IVR /5
DME 597 B 8] 9 32 5 2 75 52 Wy 7 8%, TR FE 75 22 7 I 22 i
FE 20T,

P22 R B A ORI 25 0P 2R
EEREAAE IR . BRI SR 5B 0, IR RE 2G|
S 8585 SCRRAS R, Bl 20 A s R e 8 &, I8 SUB ek
A AR T 2 01 TR B B A W SUA
S %Wk
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IR I R IEE . A B 2548 %, 2020,17(7) :53-56.
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