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KH', IR, REKR, RIBRE
CGEMEMKFHBRAEER 1. 405 NJLRA, 2804 RE .0, 3T &M 325000)

HE . BN RARBARAEEE (BTA, 25uVS5.0u) EHAZHDEMLESR (<30 PD) Aok 4HL
F# (>30PD) ZMERMEAAAL (ACE) 572, WIS (GIERNA, /A2 THRM) 9%, ik wIiE
PEZEIR 2021 51 A—2024 512 A J28 N BEA X 52 BB IRALE E 120877 49 9546) ACE &4, MRIEFILEH 0 A A4
(S30PD, 49#]) 5B (>30PD, 46%)), @AM F AL ALE BAY A IFFAL (244, BTA2.5u),
XAFAL (2541, BTA5.0u), AEADFEFBL (234], BTA25u). KAFBL (234, BTA5.0u), ik
RE AL, SR AR S FE R BB E R (PACAP) ARF5, SRR M.
LR OAMEBUBFEIAEITE 1. 2. 3. 6 MAMEALESOLE, £R. ORF R EAESOLE, 234
it F &L (F=195.166, P=0.000); QAL BAFMEHILE, ZFA%HFEL (F=127.089, P=0.000);
QAR TAABIER, 2R A% FEL (F=35.809, P=0.000), DHlEALE KA FALETF b
FIE1. 2. 3. 6N ARELESLE, &R, ORRBMEEAHUEROLE, £FA%T%EL (F=192.753, P=
0.000); Q&% E 1A FAME XA T AAMIEROLE, ZFA%TFEL (F=5.869, P=0.015); @4t
AMEHEMIE, 2FA%ITEEL (F=9.919, P=0.042), P HIEBAES KA EBUEFIAEFTIE1. 2,
3. 6N R AR RObE, SR ORBRMRSALEROE, 27 A% 3EL (F=141.824, P=0.000); @i&
TG R EBAL KA FBAMAMELILER, ZFALTFEEL (F=4.607, P=0.032); @MAAAEHE A
Fobss, EFAGAFESL (F=11.294, P=0.023), K#5BLLSFH L FEL RN ST EZH T IFE
B8 (P<0.05), K& BEIT )G fiF PACAP KT8 2K T AFBL (P<0.05), BLEFE 3N A 4L
B ik PACAPKF 2 AL (r=—0.294, P=0.047), &t I4HUEH (30PD) #ACE##Hik25u
BTAATH7 25 %4tk, XAALUEHK (530 PD) #9ACE ZBFE 4T 5.0 u BTA ARIZ LA LB G,
HZRFPACAP THEA LA AL T H
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Comparison of the effects of BTA injection doses on efficacy and
visual function recovery in ACE patients with small versus
large angle strabismus®

Zhang Qian-gian', Jiang Long-fei’, Zhu Yi-zhen’, Yu Huan-yun'
(1. Department of Strabismus and Pediatric Ophthalmology, 2. Low Vision Rehabilitation Center,
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Abstract: Objective To investigate the effects of different botulinum toxin type A (BTA) injection doses
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(2.5 u VS 5.0 u) on the efficacy and visual function recovery (including simultaneous vision and near/distance
stereopsis) in patients with acute comitant esotropia (ACE) presenting with either low (< 30 PD) or high (> 30 PD)
strabismus angles. Methods This prospective study enrolled 95 patients with ACE treated at the Eye Hospital of
Wenzhou Medical University between January 2021 and December 2024. Participants were divided into group A (<
30 PD, 49 cases) and group B (> 30 PD, 46 cases) based on strabismus angles. Using randomized number tables,
groups A and B were further subdivided into the low-dose group A (24 cases, BTA: 2.5 u) and high-dose group A (25
cases, BTA: 5.0 u), and the low-dose group B (23 cases, BTA: 2.5 u) and high-dose group B (23 cases, BTA: 5.0 u).
Differences in strabismus angles, therapeutic efficacy, visual function recovery, and serum pituitary adenylate
cyclase-activating peptide (PACAP) levels were compared among groups, with correlation analyses conducted.
Results Comparison of strabismus angles between group A and group B patients before treatment and at 1, 2, 3, and
6 months post-treatment demonstrated that differences in strabismus angles across time points were statistically
significant (¥ = 195.166, P = 0.000), and that differences in strabismus angles between group A and group B were
statistically significant (F' = 127.089, P = 0.000). Comparison of the change trend in strabismus angles between the
two groups showed a statistically significant difference (¥ = 35.899, P = 0.000). Comparison of strabismus angles in
the low-dose group A and high-dose group A before treatment and at 1, 2, 3, and 6 months post-treatment showed
that they were different across the time points (¥ = 192.753, P = 0.000) and that they were different between the
groups after treatment (F = 5.869, P = 0.015). Comparison of the change trend in strabismus angles between the two
groups revealed statistically significant differences (F' = 9.919, P = 0.042). Comparison of strabismus angles in the
low-dose group B and high-dose group B before treatment and at 1, 2, 3, and 6 months post-treatment suggested that
141.824, P = 0.000) and between the groups after treatment (F' = 4.607, P =

0.032). The change trend in strabismus angles between the two groups showed a statistically significant difference

they differed across the time points (F' =

(F=11.294, P =0.023). The high-dose group B demonstrated higher treatment efficacy rates and distance stereopsis
distribution rates than the low-dose group B (P < 0.05). The difference in serum PACAP levels before and after
treatment was greater in the high-dose group B than in the low-dose group B (P < 0.05). A negative correlation was
observed between the strabismus angle at 3 months post-treatment and serum PACAP levels in the group B (r, =
-0.294, P = 0.047). Conclusion For ACE patients with low strabismus angles (< 30 PD), 2.5 u BTA is the preferred
dose to balance efficacy and safety. Patients with high strabismus angles (> 30 PD) require 5.0 u BTA to achieve
superior therapeutic outcomes and visual function recovery. Elevated PACAP levels may contribute to visual
function remodelling.

Keywords: acute comitant esotropia; botulinum toxin type A; strabismus angle; dose effect; visual function
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MR I 2 BT BTA WG KST RN G, A 4%
L5 °7 46 F5 5 BTA J7 AT CIBRAL A IR R, &
B G- EEROUC G B = IR R AR K
el 29 ACE RS IR T I O HE ke 1

A58 i AL BTA 2.5 u 5 5.0 u XA AR
il ACE 5 BYIFF IERCR s [RIE, BHT PR 51 A 1M
T A R BR T R 26 A B TS K (pituitary adenylate
cyclase—activating polypeptide, PACAP) AF 4 Wi i +5
b, B LR B AN [R] R B ACE S8 19 R fE BTA
M, IFRI LR R ML PACAP /KF- 5 BTA 7 44
KIRALH], Po Al R R 5w, S ACE B RS e 1L
THIT SR PR UMK o

1 BARERZE

— gt

A 3 B 2021 4F 1 H —2024 4F 12 A 7 5 M
P2 B K27 B T IR A6 B2 e i A7 3R 97 19 95 161 ACE i
o MR FBOA R E R A4 (<30 PD,
494)) 5B (530 PD, 46 41) ., i it BlHLE 7%
ok A5 BT R/ AL (24 6, BTA 2.5 u) |
KFNE AL (254, BTAS5.0u), i K/NFI& B4
(23 5], BTA 2.5 u) . K55 B 2H (23 5], BTA 5.0 u) .
A5 BATERIRI BT . AFIY . R R 6 A B
W, &ax’nks, 253 LERit¥EXL (P>
0.05) (W& 1), ARWFTE LB B A0 P2 Bl & W
Bt (2020-098-X-12-01), B & &K HF &Y
HE I

1.2 WANSHERRIRAE

121 wndrfE OFA ACE IR IRIZWitrifE: &
PR (fE<6 ) . EAUERIIH . LFEE AN
R (CHRBRIZshZ ) B E AL . SR
WREF A8 5 Q4R 10~60 % 5 453G BR i
-6.00 ~ +4.00 D, HHFIEJ5 BCVA 22 5<0.2 logMAR .

1.1

122 Hetrfe OFIFHAMSEBIRA . R
PERHE | Duane £ A 1iF L T BRI ; @55 M (BCVA 22
E=>217) N FE T EAR 0 55 A% s @ ESE AL TG
F1. WUE AR RAE ;. @H%E I 2 A e A5 s 0E 2817 B
BEIGYT ; ©4 B sl s i HlR A

1.3 Ak
131 om0 BAMBERAMELFE: 0.5%

PR3 R R 7% MR YA 4 T JRR 7 + B K (0.1 mgrkg)
KB, ORISR R (WS AR ) s ]
A R 175 5 R -+ TR T T e A 4 B PR T
132 #HymiLiEs MHHABMRHHER (2
WA BRI LA BRA A, E 25 S10970037,
s . BHA ARIAERFRESOu, 100uw), HATLHE
A PR ER KBRS B R 25 wimb; WESTHT 2 ~ 8 CHEOLY
B, 4h A AR VNl AL, N
B4L): XRAN BTN, % 1.25u (0.05mL), &
R 2.5 us KilEA (KAl A4 ., RAEBA):
SR ELES, 4250 (0.1 mL), EFHES50u.
133 #HEFER FERHFBHEARE, TRLTSE
AR 5 mm B O (Parks U D 2 B ) 5 Al 1k
435 Tenon %, AU B VLI 3 5 22 5 BT ARt
mF, FOEHE (PS5 10 ~ 12 mm) H# AN
B Wl TC S 28 T Y, TG o0 B R R B
L1 min BB, WEMHR.O RS LR T FE>20% T
BT HC &L T 7)) 30 ming K4S R AR X 6 h s 52 BR 45
A, ARG 18 ke PR LAy b T 2

1.4 FNIERR

141 #AEH RASREZRE SR
(prism alternate cover test, PACT) e I £8 25 YR T 1 A
BIFE L. 20 30 6 P HRMILES ., BETM6m
GEFE ) e 33 em GEFE) BUFR , 787395 1E JE SEAS 1F 5 28
el T DUIR TR B CIR VI 1 ~ 90 A ) B
TR A 5 28 A5 38 0 b 45 B L 28 2 5 1l 5 I R R OC 42
P32 g (Fp ORI D) 5 0 SR TR G R, B3 ]

F1 WHEMMERILE
_ _ KIRDLE 51(%)
215 n Bz 1) (%, xxs) JWEE/(H, xxs)
FEHR HHR

AZ4H 49 27/22 31.35+8.06 232+0.38 27(55.10) 22(44.90)
B4 46 23/23 32.49+9.26 2.24+0.37 25(54.35) 21(45.65)
X/l 0.248 0.641 0.747 0.005

PAE 0.618 0.523 0.459 0.941
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BN RIS ZRkic Rk FREGIEE, 15 FIHERE

T % Uk PACT 25 2R o X IiC & Ji 22 /Y B8 % k5 B 53 7 oK T SPSS 26.0 Ge it 1F o 1 PR
Krimsky i (BB M IEBOL A Bk, DARIHEC = bRt 2E (xxs) s Ar%0 CF U4 hi %L,

142 A BITR 6N HARME<IOPD(FR  FPUAMEE) M (P, P 1FEm, HWEMH R
ST/ ) FLAS— IR E BAVURE WIATF AR, ok Scheirer—Ray—Hare &% 5 1%L A He ok o
143 KL SRS RO BERT (%) B, WEMACK R M5B
(A7 HR) 72 (22 MR ) 43 .55 , FE L 33 em S 6 m AL DUAT  Spearman . P<0.05 K254 Giit5 7 X,
BCLLT 25 1 1) 50 5% 97 WG A8 B0, (42 44T =

R BLE 2 KT = A ) 5 L. el 2 A

BRBE, P40 om AbSL RN (IS SR I 21 RESMESEE AR E BT
B 5 g sd/ N AT B RLE (VA , B <60" W IEH A5 BAAITRTRGITR 1. 2. 3. 64/
>800" Jy 31 T o L W B < LR BLBLAE IS0 oy oo e, S 0 0 RIS 3007 25 437
(hnA7 B8 ) |, B R 2k 2 IR Rl G T A 5 B ZE L DA IR AV R R 2 RS
B« FTRORNTR B2 J2 R (AN B A IS 6 ) o 22 Y (F=195.166, P=0.000): @A 45 B 44
L4 S PACAP KR SREEBFINAMER gk, 2RAGEE X (F=127.080, P=
110 b, SELE IR A RHEA BRA AR 0000); @pd A1 LEE RO (L Ra 3 A, 2 R4S
Jo s 54 A WS HL B - AT AL B ORI ey (£235.899. P=0.000). W2,

PACAP /K-,

F2 AERUEHEERRFESHORIELEE [PD, M(P,,P,)]

ikl n iR HI IR 14 H HIrE 24 A TR 34 H IR 641 A
A4l 49 27.00(24.25,29.00) 16.70(12.60,25.00)  20.00(15.55,24.50) 6.00(3.30,8.65) 2.20(0.00,4.00)
B4 46 4047(33.35,41.94)  31.87(27.57,33.84)  23.10(19.58,26.22) 19.84(12.34,24.75)  23.92(20.21,28.71)

22 AEBTAFIZBFT/MRUNEHEERTIE ZERA%RITFEEXL (F=192.753, P=0.000); @7if
R EHOTL JPJE /NI A 5 KGR A AR R b 3, 2%

NFIEE A DS RHFRAGAITRTAE T R 1. A%t E X (F=5.869, P=0.015); QM4 RHL
2. 3. 6 HAMALE LA, RAEEN R EHEfBEHR LR, 2R A% E X (F=
W T7 255081, G55 . OAS[RIB 1] S A0 45 e % 9919, P=0.042). W3,

*3 AREBTAFIERT/MRLEHBEARNERORAELLE [PD, M(P,,P,)]

ikl n adill AR 14 H RITE 24 A HITIE 3 A HITIR 61~ A
/NFE AL 24 27(24.00,29.00) 25.00(16.25,26.00) 24.50(21.00,30.00) 5.00(2.00,8.00) 3.00(2.00,5.00)
Kl A4l 25 27(24.50,29.00) 13.80(10.00,17.05) 15.90(14.00,19.50) 7.00(4.65,9.35) 0.00(0.00,3.70)

2.3 AEBTAFIZEBITANMUEREEGTIE fWEHE, ZRA%IH#EX (F=1129%, P=

MUEHNEL 0.023), W% 4,
MEBASKANBEBHBITFRAGBIFGE L. 24 AESMMEHBEENEUER MIBEREER

2.3, 6N HAMRMES A, RIEZM R &

(7 225301, G55 OAS TR a] 5 R0 RE 50 b 4 ANFIER A LSRR A DA RCR . TR, O

ZSAGI¥E XL (F=141.824, P=0.000); @/~  SEARMURGE STARMLIIBE A i R HLER, & xR,

R BAS K5 & BRI E S AL, 2RA 5T SHLGE =L (P>0.05), WS,

2 Y (F=4.607, P=0.032); M 4RI $ 2% INFI R B 4L SR H B B LRI . 3 ST AR T
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x4 AEBTAFERTARNELBERRNE KR EH LR

[n=23, PD, M(P,,,P,,)]

NI B AL
KB4

41.11(37.69,41.98) 32.00(28.25,33.75)

33.97(30.71,41.94) 31.20(27.56,34.96)

25.00(20.50,26.13)
21.85(19.28,26.96)

24.54(22.19,26.06) 22.80(19.98,28.52)

12.21(7.83,16.00) 26.08(21.84,29.00)

RE M RILEL, G’ K%, ZRERITFE X
(P>0.05). /Il B A5 ARG BAHA KR | Ly
WA RE A R I EL, 2k, ZRA5i%

X (P<0.05); KB HA R HGL AR )
REM AT R T/ B4, WK 6.

®5 AREBTAFERTIMNERBENELE AERELE F(%)

JNFRE A4 24 20(83.33) 4(16.67) 18(75.00) 6(25.00) 13(54.17) 11(45.83) 11(45.83) 13(54.17)
Kl A 4 25 22(88.00) 3(12.00) 22(88.00) 3(12.00) 14(56.00)  11(44.00)  14(56.00)  11(44.00)
X H 0.218 1.380 0.017 0.506
PE 0.641 0.240 0.897 0.477

®6 ARBTAFIEBRTAMNEHBZFNEUNERE MPEEELLE [n=23, #i(%)]

/N B4 12(52.17) 11(47.83) 9(39.13) 14(60.87) 8(34.78) 15(65.22) 5(22.73) 18(78.26)
KB4 19(82.61) 4(17.39) 15(65.22) 8(34.78) 14(60.87) 9(39.13) 13(56.52) 10(43.48)
AE 4.847 3.136 3.136 5.841
P1E 0.028 0.077 0.077 0.016

25 AEBTAFIEBT/INNMNEHBE ST
Mm% PACAP 7K HIZE 4L,

ANFEE A4S R A 23R T AT IAL Y PACAP
KFE, 21K, 2R ERiF¥EXL (P>
0.05) . /NlaE A 215 K5 A 3R97 )5 34 H s
PACAP K FHH, &t ki, ZH LG IT¥E X
(P>0.05). /Nl A 2415 K50 & A 43697 /TS I
PACAP /KM L HE, 2o ih, 2RI
B (P>0.05)., W7,

26 ARBTAFIERTANMEHEEGTIE
1% PACAP 7K FRIZ L

/T B2 5 K o B A1LIA YT I I PACAP 7K
T AL, f R, ZRILGEIFE L (P>0.05),
/NFR B A1 R B ALIR YT A 3 H LT PACAP
KFWEH, @kl, 2R ARITFENL (P<
0.05); Kl B4R YT 5 3 H 1L PACAP /K-
w /NI BAL. /N B AL KGR & B 4LiR YT AT
JG M PACAP K- 22 (H LA, &k, Z5A

Giiter i L (P<0.05); K& B4Liayr miJa Mg
PACAP /KR Z AT/ =B . kS,

®7 AEBTAFERTMIIERBERTRELE
PACAP7KFEEE:  (pg/mL, x + 5)

INFIEEA4 24 8.76+3.12 11.20+2.18 244+ 1.61
KHFHEAH 25  889£326 1202253  3.13x1.53
t1H 0.143 1213 1.535
P{H 0.887 0.231 0.132

%8 F BTAFBAT ASHLEL B AT RIS MK

PACAPKFEEE  (n=23, pg/ml, x +5)

/N B4 8.65 +3.46 10.32+2.85 1.67 1.03
KB4l 8.34+3.11 12.35 +2.05 4.01+2.74
1l 0.330 3.921 3.826
PE 0.743 0.000 0.000
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27 AEMAEHBFBTEMUEHSMFE
PACAP 7k 948 X 1

Spearman FSCHETM 45 R KW, A RTT 5 341
H & 85 I T PACAP K F B A £ (r =
0.044, P=0.763); B4LIfY7 A 34 H#ALE S I
Wi PACAP K -2 AH S (1 =-0.294, P=0.047).

3 iTig

A 9 38 o FBE PR S AT W A O S e, B
ACE J875 i 32 R BU T e BTA TR Y7 1) 1 i
BN R . HARW S, X FRHILE$<30 PD 1Y
B, 2.5, 5.0 u BTA 7ERHILF IE R0 . Y058 T
([FIRL . T ST R R LR 25, K5
i BV RE IR 27 807 5 405 % T R EE £50>30 PD
M, 5.0 u BTA AT SR AL T IERCR (641~ H
B R EERCEAL . ARCRTE ), AR T m s AR
RER &, Hoiz ) & &0 0 5 003 PACAP 7K %% 1)
S

ML 7, AN AR EE 008 35 X BTA 5 &
(Y S0 25 S A ot b o2 UL IR ) RE S i R R 8
P 5 SR A UCBC ) A, %o F ML E $<30 PD 1Y R A,
FENLP Wi 01 S0 PR EE %, /b RlaEE (2.5 u) BTA
B LLiE i VI #E SNARE 2R &2 &4, LW H A5 L
WO END B hsl, 0885 (E .
AW R, 2.5 u BTA A] {25 70% PN 15L& A R
W, SEA e R IR TR R SR, /N
HRMEHAMEITTRETLESR, RWU/NKEBTAD
RIFRCE G, B B B N A TE A 3R 5
WAREH Y B E AR AL (i BRI &
BB R, TR E ARSI ARET, HLORR &
BTA AT REY M B AP AE N E, #E— DA B
I R A AU, BRI /DN B BRI Y YR T N L 2.5
BTA NA MG FEWN, W ANSEWNL YRR, 5
Z AR, >30 PD Y K BEBURHIL B Bl 2 i LA
ZEYE SRR vl B SN B UILER 4 5% R e
2.5 u BTA MEUAZE 35 2 F M &R, ok e 2 si i
Fo P2 W, T 5.0 uw BTA A 5 75) 5 b BEL BT et 28 1
RUE S, EE AR TR i (AL o 45
WAE ) AE A LR BRI EE ], [ B A S T G A L
1 YR 45 DL LA B -5k 4, 5 Bh s Pl
(AhEML) AT Re L. LHAEMR T REK &2 2

A, 326 7 A U A i S T Xk XU HR AR o 4o 7
e A RE ", R AT DR R AR o Sl

K 5t BTA i b 3| 457 2 b T 1F K A B2 e &
Shy F 43 ePORX G AL A AR T G B A R )
/N ek 20 DR B A RV BE A R, RS 5 A o
iy ABHAT T Rl DI RE IR P, R AT B T R
NSRS o N

I3 PACAP 7K - 1) 45 46 ) IR 43 7 J2 1 i — 25
e T BRI RN, [FA A ACE 36T R 46 T %
FE 0 R W 2F WS bR . PACAP 1 — Fh £ T BE il
ZEFRET, IFAEF RS Sa Ry, mZEd
Zimlg . ZHSHEWDIREE Y, HELHLH 3
BURIAE 3O . — 2 30 A BT R T R A AL -
cAMP-2E 1 4 A {5 5 %, A AL J2 p 22 o
SRR A: | G MR, 3ROSR AL 1E S Y
AL R, FEHNE L-18 . MRS F -
LA 2R L B AR e b 22 R E L7, R IR OK
V-5 G DI RE K IR A S, ABEsE R
J& $0>30 PD 114 K5 2 41 1l 7 PACAP /K - & 3 & F
AN, LR R A s ) i BTA 7843 57 1E IR 37
Ja ., THBR T SE O, (P R 22 o0 A
RIS o TR, S PACAP 4r it
1M <30 PD & & /Nl i ik 297 30 & 01, gl
PACAPI/K V- TIC i 3 22 5, R H AL L ph & i 15 72
BEARIS . o R H & BTA i% 54> W PACAP, {H 15
RN, AL BAHEERITE 3 AR
FEECS I PACAP /K- 52 AR OC , (B AR SCHE IR A
S TR SE R L MW PACAP K ETHE, lhES
M e R . el Bk A G, WAk 58
W RE e B BRI, BRI BTA Br 1B IR )5
P B PR E IR B, JETT S 100 PACAP 43 M
B, G, I3 PACAP 78 K K IR BRIG T o B
A 1 N FH S 0 . — T AT AR O o s e T AR A
F5 RV K> 30 PD Y ACE 3 #8572 5.0 u BTAJAYT
3 HJE M PACAP /KA i 2 FH s, 4 7R Al g
MAEBEAE, %% s 0 D) Be Pk 2 A
fE, R KR AEIR YT O % s i — 7 ARl B AN IR
b BTA F A%, b T 328 R B4 38 30 PD (1
“lm BT, 5 IMTE PACAP JEAlAKE &K, 42
IR T YEPER S, T RETE PR 5.0 u BTA DLE
S M 2 FEUE 25 IV PACAP JE Al KB
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2.5 u BTATREC 2%, Nkt feid A2, (Him
11 PACAP 1 Ilfs R B FH AT 5% 47 T 2 R FE AR D52 50
WE, BRI “HRCEAE” I HE B H A B B9 1Y
T, A RENA S 206 PR L WA & .

L BT, ARWESTE i HE ST R EE £ -BTA
) — L3 PACAP ZK-F— WS BB &7 1 58 % 1k 4
B, BRI 2030 PD S ACE 3% BTA 5 & vE %
) HE B . <30 PD Y ACE #2351 1% 2.5 u BTA LU
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