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Abstract

* AIM: To compare the clinical effects and safety of single
subthreshold micropulse ( STMP ) vyellow laser and
combined ranibizumab intravitreal injection on the
treatment of diabetic macular edema (DME).

e METHODS: Totally 33 patients (58 eyes) with DME were
divided into two groups. Group A (laser group) received
STMP yellow laser, and group B ( combined treatment
group ) received ranibizumab intravitreal injection
combined with STMP vyellow laser. The best corrected
visual acuity (BCVA), intraocular pressure (IOP), central
macular thickness (CMT) , total macular volume (TMV),
fluorescein fundus angiography ( FFA), multifocal ERG
(MERG), autofluorescence ( AF) and macular pigment
optical density (MPOD) were compared before and after
the treatments. And treatment times were counted.

¢ RESULTS ;. Compared with those before treatment, there
were significant differences in BCVA and TMV 6, 9, 12mo
after treatment in the laser group ( P<0.05). And there
were significant differences in BCVA and TMV 3, 6, 9,
12mo after treatment in the combined treatment group
(P< 0.05). For both groups, there were significant
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differences in CMT before and 3, 6, 9, 12mo after
treatment ( P<0.01). Compared with the P, amplitude of
MEG, Max OD and Mean OD before treatment, there
were significant differences for the two groups 12mo after
treatment ( P<0.01). And the differences were significant
in TMV and P, amplitudes between the two groups after
12mo of treatment ( P<0.01). During the follow-up period,
the laser times was 3.32+1.09 in the laser group and 3.30%
1.18 in the combined treatment group ( P=0.943).

e CONCLUSION : Both single STMP laser and combined
with intravitreal injection of ranibizumab can effectively
reduce macular edema, improve vision and safety in DME
patients. And the combined treatment group has faster
and better effect.

o KEYWORDS: micropulse laser; subthreshold; high
density; diabetic macular edema; ranibizumab
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035l&
Wl R M 75 BXE 7K i ( diabetic macular edema, DME ) J&

WEDRG B T R 2 B BRSO B R
DME 1—Z3697 J7 ¥ B 23 38 O IR M HL 32 = 4 )
FORAE S UE LA ke, BB UK i T8 56 5 2R SR BT A BT
VEGF 25%) . 7 FL4 i 00 00 B S (&I I/ ol H R
DME [ —Z3aT7 ik 05 2 R T 2 I 2 T, 1
FLOR B2 5 T ST RG 0 s i J2ee R 10 A5 8 A 55K 5 1
HEAED I AE 3, B AV B {H £ K v ( subthreshold
micropulse, STMP) #OG A H B, AT LA 42 B BEK I AN 1
IO CIRIR A5 15, Bk 8 22 b e 10 T B BE S 1R T
o HVF 2 R IE B X 42 B DME, I HAPAN F8 br B —
FRATR AT AT PR RS AR SE, X H STMP B30 Bk A1
KA S TR ERPAYTIA T DME AR R IT 80 S % 4k, W&
NESRIEATIFY , B TER DT — R A &L %42 AT RIIR
ISP 0T B A RS T

1 X &MTTE

1.1 3% [ AE M G R BE AL X BRBF 5T, 2L 2017 - 04/
2018 - 08 £t HR JiE K 4 | Ot % AH 1T Wr )2 43 4 (optical
coherence tomography, OCT) . R JIE ¢ Ot & M & & #
(fluorescein fundus angiography, FFA ) ;2 #12 ) DME
# 33 {9 58 R, Ferp 55 16 i) 29 MR, 4 17 1] 29 MR 4F i
57.38+5.77 % . S ABRIME: (1) 2 BUBE IR B, 0B 45
HLE AL M 2T 1 < 10%; (2) B Kt M DME; (3)
TE BE RO Y140 X 5 JES i (central macular thickness, CMT) >
380wm; (4) JC 52 Ml K 2 HR IS 199 Jee O 18] Jox YR doft i it £L. 4
s (5) Je ORI 5 A BEBEK I 5 (6) B 1D A 4
MO BETR YT . HEBRARHE: (1) & I oA 25 35t
PG R N B A B A 2 G A | BB R AL A
(2) PR PO v e e K L 2 e 10 s 5 7 2 46 25 LA J A
SRR B HEAK M (3) B A Bl 38 1A 00 190 I8 T A o
(4) BETE 3mo PG AT IOCGEER T SO B AR JFs 1 5 251 5
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(5) B OCHR I sl g IR T AE 5 (6) R V7 BBl 2R . ¥
HBAEBENL T M, SR AiOGE 16 1] 28 HRAT STMP B
JEIRYT S 9 B 15 IR, 242 7 1 13 1R, P X 4E RS 58. 68+
5.92 % BRAIAYT AL 17 5] 30 HRAT B 38 U4 Jis 1 S o ke o
PUkA STMP BOEIRYT, Kb 35 9 i 16 R, 2 8 4] 14
R, FHAERY 56. 17+5.44 % P41 EIRIT AT AR JE
BCVA .CMT . TMV i, 22 R ¥ LG22 L (P>0.05) ,
DR 1~3, XM G B B ZE 0 e e | R 43R 1
IEZ RS,

1.2 Fik

1.2 1 WBEREHE®RER  ETAREHI 10mg/mL
AR ER YL 0. 0SmL (0. Smg) , T80 _E ol S b J7 I £y LA
% 4. 0mm TE 5 T YU 200, NS TR AER
M ZERANIRFEURIR J5 B 35 , 29 2wk J5 1T STMP 5 BESOE
1.2.2 STMP & i# 3 KM SupraScan 577nm ¥ GHLTT
STMP SGEEIAYT , >R ] 45 £5 T 3% 2 A UDK B i ok
Jik R =R 75 S AR I A8 5 A1 IE A0 A T 1 i
e, LA 100mW Fri6 S8 5 32 8 EIRBOGoI R 2 052 3|
AT ULOGEE T RE 1 1Y 50% MCH T IRE RE R . 73 o, B4R
FBCH 5% SEHEEAR 180pwm , BEGHT E] 0. 25, 2 A5 F i A58
3 axa g, TR, WOCRE LI A& (S % ) (2R E 4
7 B A AKX,

1.2.30CT #&& >R Spectralis OCT AT OCT ¥ 75,
D] 400 X B8 U B s LA B B v T A s | 49 4 T AR 6mmx
6mm , 1 A SiFRE Bruch B S PN FEE It DL B BE 0
M4 F0y Tmm HARR) CMT Al 6mm B4 ) 2 KEAR TR (total
macular volume, TMV)

1.2.4 MERG # & X | RETI Scan multifocal ERG
Version RGEHEAT mf-ERG ARG, 0038254 /& e FE 1Y
S WL 0 EDIE S Bt 0 JBE S8 3 K 7S B
Mg, k61 DRI IC, RS E: TORECR 10 U7
A%, AT 5~ 100Hz , SRR LR 102Hz, 413807 8 Bt
HEAT , AR BORO A] 47 s, 0 00 BT DL B B R vt 29 30°
Ju

1.2 5 BEHBRFERE R/ VISUCAM 500 4 #r 2 5t
{4, Z % E (macular pigment optical density, MPOD) , R
A W I S SR HIR JYS A Y 72 W0 o v e 45 T T R
lg/L 5 5 FE0E R e AT HLE 2 6 ~ 8mm B, P47 45 JF
A0 R, SRS 30 FE MPOD i, 55 R 48 B 8hit a4 il
BBEX 7 BEUE N MPOD 545 , 4% B B DOV YO0 % B
( meanmacular pigment optical density, Mean OD ) 1 #& B [X.
6% % B KAH ( maximum macular pigment optical density,
Max OD) .

1.2.6 BAKRAXKE RH Spectralis HRA2 17 H & ¢
K2 (autofluorescence, AF) , 3% 0 i & 6 I K 488nm,
BRAERT S5 R RETE 1o/ L & 07 FE0E R e #E 47 #5226 ~ 8Smm
I, FHEAT S5OLLAMRR SRR EA T 55° [ R SOEIRA
127 RIGHET A B & F AATE K& BCVA
(LogMAR) R H& | # B OCT ,MERG . IR JiE fEAH . FFA AF |
MPOD HR i 15 S HR S, AR5 B YT 12mo, e J 1 IRBE VI FE
Ji VUGRITE A 2. 5mo, WK P& &, ¥5 75 B R IGIT, 1
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F1 WARERITHIG BCVA LR (x+£S,LogMAR)
21 51 R %% Epagil] 16¥7 A 3mo WRYT R 6mo VGRIT R 9mo YT 12mo
Al 28 0. 65+0. 20 0. 64x0. 22 0.56+0. 16 0.53+0. 18 0. 50+0. 14
WA IRITA 30 0. 68+0. 26 0. 62+0. 26 0. 54+0. 23 0.49=0. 23 0. 46+0. 19

L BRAHOGAL AT STMP BOGIRYT ; BRATAYT AL AT B BS I 1 S T SR BB IR & STMP B 30OGIRYT .

k2 WABHEBITAE CMT LK (XS, pm)

ZH 5 R %k b agi] BT A 3mo BIT 5 6mo YBI7 5 9mo JGIT)E 12mo
PRI 28 485.29+81. 13 458. 86+102. 96 411. 86+86. 40 378.11+£76.78 364. 11+35. 85
BAIRIT 30 485.43+98. 48 426. 80+101.91 391.67+75.48 361.37+57.77 340. 30+50. 50

T PABOCAL AT STMP BEHOEIRYT s B0 AT AL AT RO A T S 3R BRBPPUB & STMP BBOLIRTT

=3 WHBERTIE TMV LR (X£s, mm*)
2H 5 MR %% IRITRT JBI7JE 3mo JRI7JE 6mo JRI7JE 9mo JAITJE 12mo
LRTY el 28 13.26+1. 52 12.99+1.78 11.76=+1. 80 10. 62+1. 62 10. 53+0. 88
BAIRITAH 30 13.08%1.97 11.92+1. 87 10. 90=1. 30 10. 18+1. 12 9. 47+0. 86
¢ 0.383 2.229 2.091 1.210 4. 465
P 0.703 0. 030 0.041 0.231 <0.01

A0 AT STMP BEROGIRYT  B0ARYT AL AT BB A T 5 B BRSPPUIBR& STMP BOGIRYT

SEMOCH IR AT HOCIRIT , BB 16T 4 R AT BOGIR YT
(CMT<380pm) SIS IEY7 (CMT>380mm) o H UG
B U 2 07 (8] B 220 3mo, $TE B IAYT (PRN) AR ife
CMT = 300pwm , 5 B X 3 4 pig 48 A0 ) 8 BU B RPE
JBLES

Biit25 4307 . R SPSS 25. 0 #E4T S8 4047, i B %
BHHS B bR e 22 (x £5) Ron, HH HNIRITETE
BCVA .CMT TMV HR & Hdse Rk H 2 42 0 12 22 70 B, 4L N
W L8R ) LSD —1 #6565, 41 N MERG . MPOD 5 J7 Hil J&
FCBCR R B X AEAS ¢ K56, ] — Bs) () A 79 4 22 ) e 45 oR
WA REAS ¢ K3 P<0.05 WERAS 2= X,
2R
2.1 WABREETHIG BCVA Lk Wil EBIFRiG
BCVA L#8, 4l ) L4t it % B L (Fyyy = 0. 113, Py =
0.738) , I AT e it 2% 2 SL(F = 53. 357, Py <0.01)
iS5 ufE s EAERA LG22 B L (Fy, = 1.861,
P,;=0.151) , HALBOEARIT IS 3mo BIRITHI 2 5 T8
GiiteE i L (P>0.05) 36T 6.9, 12mo BRI T AT 25 74
At L (P<0.01) ; KA IRIT HIRYT IS 3.6.9.12mo
BYRITATZ A G4 E XL (P=0.014,<0.01,<0. 01,
<0.01) , WFE1,
2.2THAEERITHIG CMT ki Wil B WRITHTG
CMT b, B AT G it2f 08 S, 4 i8] Ko 52 B Ge iF2 5 X
(Fu=0.932, P, =0.338;F,, =134.592, P, <0.01;
Foy=1.615,P,, =0.201), HAiEOLAHIRIT N 3.6.9,
12mo BAYT I 22 A Goit 2% B L (P<0.01) ; IR B IR YT
HIRITIE 3.6.9 . 12mo BIRITHIZE S B A G FE L (P<
0.01),W3 2,
2.3WMAEFEBITHE TMV LR Pid B ERITHGE
TMV W8, 25 A G it F B L (Fyy = 4.333, Py =

0.042; F,yy, = 144.687, P, <0.01; F ., =3.169, P, =
0.039) , PAALEOCAHIRIT R 3mo BIRYT AT 25 R LG T2
HEX(P=0.224), 1GI7)E 6.9 .12mo BHAITHI 2 FA G it
R (¥ P<0.01) ; I-GIRITAIRIT IS 3.6.9.12mo 3%
BITHI2ZE R A Gt L (¥ P<0.01) . PRAAIAYT IS
3.6.12mo W ZE R A G248 L (P<0.05) , W3 3,

2. A AEREBITHIR MERG LLE  J6J7 /5 12mo, B4l
BOCAURBCEIRIT AR BN B P IR IR AR YT g 1Y 22
SAGHFE L (1=-2.860,-3. 165, P=0.008.0.004) ,
1M PGB EATT T 22 R LG # (¥ P>0.05)
Mz P RIEERSHFHITFE L (1=-2.625,P=
0.011) ,P, W#H 23 LHE T8 L (1=-0.474, P =
0.637), LK 4,

2.5 WARHFBITEIE MPOD k& 6975 12mo, F4l
WOGLH AR AVAYT 41 1Y Max OD 1 Mean OD %3697 i 22
SH 3% 5 X (Max OD:t=-6.901 , —4. 688, Mean
OD.1=-3.824 . —-3.682,] P<0.001) ; 3GJ7 )5 12mo P4l
BFZ M ER LI L (P>0.05) , L% 5,

2.6 WAREBTAERELE WAHEFIRITHTER
JEHAES, 2R IGIFE L(Fyy =0.159, Py =0.692;
Foyw=3.758, Py =0.012;F,, =0.969,P,, =0.408) ; Fi
ZH[E) L ST B L(P>0.05) , L3k 6,

2.7 WHEBEEE R RELLE MU, AL H
PGB 3. 32+1. 09 I, ARV A ROG IR EL 3. 30+1. 18
W HHZES BG I #E XL (1=0.072,P=0.943) , B&
TRYT A BRI EL 2. 701 21 IR,

2.8 WABREHLERER UM, A B EEIRIK R
A AF FFA ¥R & BUAT WL SO CBE S, i iR &
AT OGHR A PN B O | B AR ot AR e e R P R A R
BB S A BT RAE
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* 4 WARERITHE MERG % xXxs
- Tk - y‘P]ﬂEfllE(nV/dei?‘ — Pﬂ%ﬂﬂ’(ms)&br
TRYTH BI7 A 12mo IRITHY RIT A 12mo
oA 28 19. 06+3. 88 19. 67+4. 18 49.34+0. 94 49. 11x0. 87
XERIT A 30 20.72+3. 62 22.48+3.98 49.43+0.77 49.26+1.35
t -1.682 -2.625 -0. 401 -0.474
P 0. 098 0.011 0. 690 0. 637
T BRAlHOGAL AT STMP BOGIRYT s BRAAYT AL AT B ES (R 1 S T BR BB & STMP 3 30OGIRYT .
x5 WHEBEBITEIE MPOD L% (XS du)
1 IR — Max OD - — Mean OD -
1R YT H AIFIE 12mo NEDIE:! RIS 12mo
Halioed 28 0.330+0. 014 0.341+0.016 0. 124+0. 018 0. 134+0. 007
WA IRITH 30 0.329+0. 021 0. 346:0. 023 0. 124+0. 014 0.137+0. 013
¢ 0.208 ~1.003 ~1. 196 -1.151
P 0. 836 0. 320 0. 846 0. 255
T PRAEOGA  fT STMP BEOEIATT  BRA IR T AL AT B BE VR I v B TR BR A HTIE & STMP FIOBIAYT .
®6 WMABREZLTHERELR (X£s, mmHg)
215 MR %% IRYTRT JBI7JE 3mo JRI7JE 6mo JRI7JE 9mo JRITJE 12mo
LERA 1N e 28 13.44£2.23 13.85+3. 04 13. 84+4. 51 13. 11£2. 60 13.03+3. 20
AR 30 13.08+1.95 13. 82+3. 07 13. 08+2. 67 12.78+1. 68 13.19£2. 03
t 0. 653 0. 042 0. 787 0.573 -0.231
P 0.516 0. 967 0. 435 0. 569 0.818

TE OB AT STMP BHOEIRYT B0 iA T A AT EE AR SR B LPU & STMP BH0LIRYT

3itit

DME J2&— Ffr st [ 4 5% 57K i, 5 AN B0OZ AR 35 K
FI 1997 4F Friberg %' 55—t 7 STMP #£ DME %
HITRYT Z5 LK, [ N b5 AN BT AR 3 R 58 STMP 4%
FIAS R 28000 5 BT DME (98 %0 fivae 4 v 3697 B AL
il A LRI B 3

STMP &30 5 1% 5t % 2 9 SO AN TR], & — Fh 42 |
AR K O, B K v B TE S (on) F1CH]
(off) I A], on/off 24y /7 25 b ( XAR TR R L) , B e B AR
FHFH-H0E RPE 4, A 453 473 )6 I8 37 % 40 B 0 H: & i 30 41
o R AR A DB . Vujosevie 457 BT & BEAH
XFFLANEOE, STMP #350%IRYT DME BN 4 A %K.

T Haall STMP #0OEI6Y7 DME FUIFSY , Scholz 25 43
i 7 STMP 3477 DME ) 11 J#F5E (613 il #) , K M
BCVA HY 34754k K+1. 26 ETDRS F8) (il -6.6~19) ,
CMT 217540 -74.9 (-138~48) um, IS BCEL T2
R

AREFE B PR A OG4BT JE 3mo BCVA 5697 1Y
JC25(P>0.05) 1 CMT & .3 FF&(P<0.01) ;3697 )5
6.9 .12mo, BCVA .CMT . TMV 78 B 2 3% ( P<0.01) ,
HH B4l STMP 06X T 3L 2672 CMT>380um DME %
AR HEASRAE R T IhRE, T EMS &S BT & Bl F
) CMT>400pm (8 248 0 B4 STMP 0Ot iR 97 5 Bl Ui
3mo , M F7 RN EE BEAK i AR A5 21t 35 G (R N B3R )T

610

BRI H AR 22 % Ohkoshi %'V 58 36 4] CMT < 600wm
) DME S, & BV [ (A bk o — W 450 306 T DL 3 e
i CMT Ff-4EH7 00 A1, WL B 405 B /N, {H Mansouri 25"
K Citirik " B 53 & B BE K i (4 7 5 B 5 0 STMP 34
SeHIA Bk, % b B DME X B ph STMP J I 4, T J&
DME J7 (A, B Citirik ™' SR 80O HIA97 1k, BEDT
6mo, AIF|ZEH B FE 45 A 58 4 — 3, X 7 RE 5 0L
£ STMP SR E AR (3 R YR D3R L%
FEBE B ) ORI B R HT CMT | B 15 B[R] A [ 45
P

KTk RE, Luttrall 25 BFE R ILLA 5% 5 25 ek
1TH) SDM 7E RPE 20 i /K I e B 2 85 i 34T i LA 3f)
WA N AR T T P A R 20 A 0 i KO L
25 FU N 5%3E I E] 10% , FAH0 W 5453 455 1) IXURS: 38 10 £
ST 2B, Dorin' ™ 5 8 IV 15 {1 KK 6 12 ol ik o 2% 28 17 1%
o 28 R AMEE AN AR I, A AT R IR Y7 A [ ) 0 1)
EX IR, Lavinsky %5 /338 T DME B3 7 S K 77 2% R4k
(5%) T 2L AW B B0 I % &M e m % ERLUF
(HD-SDM) A AL &4, T I 38 B 5 HE
2HE T RKAVFRTE (MPE) IS, KZH & T STMP
Gt oA 18 ~ 55 £ MPE 2 [a] J& A &% H %
G700 SE H AL 50% BT RE T RO A R AT D
o358 0y S AN S i A AN 7T L 498 T A R
AR
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ARG R S EE 2 ER AR RE 5% . W H
(50% %€ RE ) Wk o B O HEATIR T, X AT AR R TR
JPAA A T B R T AR SC & PR R A I R RS R
# 1 BCVA CMT i 83 , 5 Lavinsky 55" (1) i 5% 4%
SRR

XFF R DME B8, W RET B R OS5,
AIRETZE 5B VEGF 7 o 2% [ BE 5K A5 I, 8505% T8 4
Akhlaghi %% Xt DU BHTAT HL 25 PE O MEA 4 DME fR 25
A7 DUARERST 1 5 156 6 0 5 A Bk o OB R 97, & B 3mo
B F AL (CMT B 5 2% (P<0. 001) | T BR. 46 7T 25 216
JPETE S, TRATMIBE IS . 5IR)7 A AL, B ali g
SCLHIEITIG 6.9 .12mo BCVA ' TMV B 5 2k 3% ( P<0.05) ,

K EVRITHIAYT)E 3.6.9 .12mo BCVA [TMV B 5 il 3% ( P<
0.05) , ZHIGYF)E 3.6.9 . 12mo CMT HEIBFRT B E T
[%(P<0.01), JAI7 )5 12mo, Fi4H & P YR IE . Max OD,
Mean OD 5iAY7HT LA 22 5 (P<0.01) , B2 [H] CMT
TMV P HRIEA 225 (5 P<0.01) , 18 B W6 Fl 5 ok X
HEE DME {GI7 A 2L, (HBCEIR T 4L A TR, 7E 12mo B
SRS

M ST R IR, BT VEGF 25164 UbK miisoe e e
FEA RO % DME A/ [a) B, 38 m s 2 B B8 4 s 3 5 4t
VEGF 254 08, A SCali OB 23806 3. 32+1. 09 Ik,
BEAIBITF O 3.30+ 1. 18 W, MZH Z Al L 2% 5 (P>
0.05) ; BRA IR YT 4L TR BR S PTIE SF B 2. 70 £ 1. 21 IR,
Moisseiev 25V R BT 12mo I BES 16T 40 T BR BA BT IE
SHRECH 1. 72,3 KW AR T 4254 5. 6£2. 1 1K
PN 2 20 5 4 B BB A T AL Bl 2 ) 41 T IR
By 3. 671, 11.9. 12+2. 63 YK (P<0.05) , A ] SCHik
HEIE A7 B 22 5 T REFIIR Y7 AT CMT AR TH BEA A
77 Bk (R S SR I A TRl A 56

KT STMP BOGAR G S BT RE MY & LA & fi i 570
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