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R

B REGFAHT W BRI E & (optical coherence tomography angiography, OCTA) W 22 {4k
A& A% (hyperglycemia in pregnancy, HIP) 3% ¥ 32 X 1% 2B 41 Il B M (superficial capillary plexus,
SCP) ML % FE 2R, A HTHIPRE P BRAE BR B B3 . k. BEBTI SIS PRI 58 . I IESRZEL AT XS
WA HEIRAMRIBEIRATR T BH 5 R UL AR 85 IE 15 I 7~ & IS 4 (HIP4), 1E% MUE4.
Hoob, B E A NZETHE IR (pregestational diabetes mellitus, PGDM) RT3z Hi¥E FR 7% (gestational
diabetes mellitus, GDM)HAN/INE; 1EH MR EAEAZEX A (IPA), @B @ H /e X A (NP
H). METEHANZRFTREBEX OCTARE, FH:5Hr B X SCP Y I & K & % & (vessel length
density, VLD). Il & ¥ % & (vessel perfusion density, VPD) I3 BT H.0 M G 1l & [X (foveal avascular
zone, FAZ)%2% . 3. AW x5 38418303 : HIPZH48%5920R(50.27%), HHPGDMZ 184534
i, GDMZH304I580R . IPZH 25414805 (26.23%), NP 25414301 (23.50%). IPAHAEETEX KK EMAE
X KISCP-VLD. SCP-VPDETNPA, ERFLI¥E L. GDMAEIPHIEFEFXSCP-VLD. SCP-VPD
WERTSA T FE L. PGDMAAERKXSCP-VLDIETIPAZR AL ITFE N, EREX HOM AKX
BIKSCP-VPDIRFIPAH, ZRAESIH¥R L PGDMAEHB X .0 X HISCP-VLD. SCP-VPDX FGDM
H, ZRAATFEX. PGDMAKFAZESREUETNPA, ERFLRITEREN. ik ERHEFARE
PR AFERMIRIMLE KRG . EERMEIERET, ERERELAREERKELANFXBZBUEE,
PGDMEEZE MY & .
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Abstract

Objective: To observe the superficial capillary plexus (SCP) blood flow density in the macula of pa-
tients with hyperglycemia in pregnancy (HIP) using optical coherence tomography angiography
(OCTA). The changes of blood flow density in the superficial capillary plexus (SCP) of the macula in
patients with hyperglycemia in pregnancy (HIP) were observed by OCTA to analyze the physiopa-
thological changes of the HIP retina. Methods: Cross-sectional observational clinical study. Preg-
nancy and control groups were included: the pregnancy group was divided into a hyperglycemic
group (HIP group), and a normoglycemic group according to whether they had diabetes before
pregnancy and the glycemic status of the glucose tolerance test. Among them, the hyperglycemic
group was divided into two groups of pregestational diabetes mellitus (PGDM) and gestational
diabetes mellitus (GDM); the normoglycemic group served as a control group for pregnant women
(IP group) and healthy women of reproductive age as a control group (NP group). OCTA of the ma-
cular area was performed in both eyes and the parameters of vessel length density (VLD), vessel
perfusion density (VPD) and foveal avascular zone (FAZ) and other parameters were analyzed in
the macular SCP of all study subjects. Results: There were 98 cases and 183 eyes in this study: 48
cases and 92 eyes in the HIP group (50.27%), including 18 cases and 34 eyes in the PGDM group
and 30 cases and 58 eyes in the GDM group; 25 cases and 48 eyes in the IP group (26.23%) and 25
cases and 43 eyes in the NP group (23.50%). The differences between the GDM group and the IP
group in the macular area SCP-VLD and SCP-VPD were not statistically significant. the differences
between the PGDM group in the macular area SCP-VLD were lower than those of the IP group, and
the differences in the macular area center and overall area SCP-VPD were lower than those of the IP
group, and the differences were statistically significant; the PGDM group in the macular area center
area SCP-VLD and SCP-VPD in the central region of the macula were lower in the PGDM group than
in the GDM group, and the difference was statistically significant. The FAZ morphological index in
the PGDM group was lower than in the NP group, and the difference was statistically significant.
Conclusion: Adaptive changes during pregnancy include the retinal vascular system. In pregnancy
and hyperglycemic state, the superficial macular blood flow density decreased and the inner ring
region changed significantly, and the changes were more pronounced in PGDM patients.

Keywords

Optical Coherence Tomography Angiography, Gestational Hyperglycemia, Macular Superficial
Capillary Plexus, Blood Flow Density

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 58
YRS N B L P AL BEE S NS0T W PO A DLURE T e N R AR, 2 NSRRI 2 R R Y

DOI: 10.12677/acm.2023.1351153 8240 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2023.1351153
http://creativecommons.org/licenses/by/4.0/

e PRI, LIS PR 3R S RH 3 L A 3 5 A 52 2 A P A R vy P S S R [ 1] o e 4 39 15 T A (hyperglycemia in
pregnancy, HIP) /154 U AN [F) S0 (A S i [2] . AR B T 3 AR 20 4 (WHO) 2013 4F46F4[3], % HIP
I3 N ZA T BE R 9% (pregestational  diabetes mellitus, PGDM) A1 4E 4 #A ¥ JK J7 (gestational diabetes mellitus,
GDM). 4Bk 20 & LI HIP &% 15.8% [4], FRE &M X B £ R, 11 17.5% [5]. 2019 4F IDF
AU PR B 27, GDM (5 HIP 83.6%, PGDM 5 16.4% [4]. FeEVEJops R K E, mom A Fobs s
K HRIRFRB TR A B AR 77 2 SO DR e Ve B A I HEIR S 8umig = |asgm, HIP R AE
RIS, O BONIEIR A& W RE 2 —, X RRE G AU = A i 2 AR s [6], A BH )iz
RN, T 25 3R PR By SRR AR 2 By R BRIk AN 748 . HIP 382 SR IR BRI 7 W A2 4k, 1]
WiE AR, MBEEEE N, FUMER . PR BRI Haf . A B PR S R AR g
S[7] [8]. FEMR I ERIE AR, REZHOR AL . T O 2T 22 4 0], G gR AL J A4 2
Tor 25 52 SRl o

2 AH T I 2 471 48 1.5 4% (optical coherence tomography angiography, OCTA) & —Ffi 15 61 i 4 4 fiE
FAGEAR, v DUR AR A [ 2 I A8 4k, A2 7 B g I % B A I A T A R A i BRAR T AL,
FEAR AL XL I B T A4k 45 ) 32 B A [9] [10] [11]0 OCTA H AR HBUAEBAT AT LA — 2B WF U UT Ak
BRI Ol e REE 5> HIP S8 A HR R T3 2ot PR AT U 5% 28] (A0 0 g A, T 288 B8 8 400 o e
R A BAINE 78 W AR PR EF OBE FE[2] . FEARBEFTH, AR )R R T W GEHLRIJE H oA,
&AL 31 PGDM F1 GDM F8 25 A0 I GG I R G A8 4, K Pl DA b B b B AR s R 2B R F i R )
o R A FE AL

2. MEMFGE
2.1. W&,

IEHL 2020 4F 1 H~2022 4 1 H T B i L& e A 4= BHfZ A HIP 2243 48 {51 92 R, {24
19 25 151 48 HR, A4 AF T TE {7 0 Lotk 25 1) 43 HR

GINARUE: 1) TORESRIE LAAMA 4 BB s . JE R AN IE DA IR SB « oMo AR S 2) 2201
WUHR S5 FEHF IEA AT 0.8 HER R IR 3) S5k JE 6 /E-6.00 D~+6.00 D LAY ;

HeBRArdE: 1) SR g i e S5 A E A s 2) EeERF IEMLIK T 0.8; 3) SERBREJEHE KT 6 D;
4) JESA RIS OCTA Biff .

SRR S WbR A 1) SEGRAT CHIS SR I B3 2) SR 24~28 FAT 75 g 1 IR & B i
BIRE(OGTT) [12]: =ME. DA AP 1 hy 2 h FibE R {E 4> %04 5.1, 10.0. 8.5 mmol/L, {Ef]—4>
BT[] A5 W R0 B B o R AR ) R

Oy 1) fEEEE LA IR IRAL(NP 4); 2) R IR ZA e A2 X AL (P 41); 3) BT
SR IR T 0 B b v L A I B AR 24 SRR RO bR v (¥ 85 GDM 45 4) URORAT CLRA 2 mE R 1 5
DA S AR B ARG 2 I T e R B R 0K ) B R PR AR HE ) R 3 2508 PGDM 4.

KA EGACHEZ R, A& BESEFEMEFZ.

2.2. B&

T T R AT A IR BHMG A : . IRIE(H A TOPCON 2]). HEMLE:(H A TOPCON
A#]). OCTA #25 (44 [H Carl Zeiss 2 7 Cirrus OCTA 5000). B & &5 #5647 3 Wil &, BCF{H . OCTA
MRV B TAFREST, MEETEX 6 mm x 6 mm JaFE, 8 ER R X 304540 v 1 A% 5t
B JTE T 0S5 R R B (AngioPlex, BRAFAR A 10.0) 3 47 8 B 40 AT B BE (X i 2 B 41 i
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oI SE

(superficial capillary plexus, SCP) MLyt % 5 11484k, L6 if % K & % & (vessel length density, VLD). il /& #
% )% (vessel perfusion density, VVPD)AI# BT H.0o U1 JE IfL & [X (foveal avascular zone, FAZ)% 2%, VLD,
VPD %X I 4E sk, dats. ERFIZRER; Foveal avascular zone, FAZ S 4E . FKFMIEETEE.
TEASTREUE N FAZ AR LSRR E AR . WA 1.

Guitsortr: SRA SPSS27.0 Geit 2 A AT 8s b, THEBERILISEL + ArdEEROR, SRS
£ 77 273 Hr(one-way analysis of variance, ANOVA), P LK/ Dunnett’s t test #4773 #1. LLP < 0.05
NEFRAGIERE X

(A (B) ©
A NRZ BN RIS KRR B R)E B NE 2 MRS Z; C b M E X,

Figure 1. Schematic diagram of quantitative analysis of blood flow density in the macular region of OCTA
[ 1. OCTA HHX MR % E E U A ~EE

3. /R
3.1 —fRiER

3L 08 B FLX G SFUS N 23~42 (32.97 £ 4.65) %, EWIREEEHCHN-5.25~+2.25 (—2.92 + 1.60) D. %
YLAEAEWS I SR BTE 2 3 o424 (P > 0.05), 1P 4. GDM 41511 PGDM 478 248 J2 itk b 1) 2 5%
BA G5 (P <0.001). W% 1.

Table 1. Comparison of basic clinical information of the study subjects

=1 AR REIEREAR TR

LB EIB(E) %gﬁg? ) fl;ﬂfﬂﬁ o ':nf}jﬁ (fn':nf}ff)
NP 32.80 + 4.86 -3.10+2.00
1P 32.56 +3.34 -3.01+1.50 25.20+7.56 4.19 +£0.18 6.69+1.34 5.78 +0.55
GDM 32.20+4.59 -3.00+1.54 28.50 +4.09 4,71 +0.50 9.89 +£0.93 8.82 +£0.65
PGDM 35.06 +5.66 —-2.49+1.16 32.22+2.88 5.17 £0.92 11.74 +0.19 11.35+0.14
F 1.589 1.301 9.086 43.309 147.155 588.703
P 0.197 0.276 0.028 <0.001 <0.001 <0.001

32 MEKEZEER

IP ZHAE B BEIX N IR S AR X 38 SCP-VLD ik T NP 4, ZRAH G145 (P = 0.015; P = 0.043).
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GDM 415 IP #H7E 5B [X SCP-VLD. SCP-VPD )2 7 L4t it 7= X - PGDM ZH7E X SCP-VLD kT
P4, ZREYiH¥E (P < 0.001; P = 0.014; P = 0.007; P = 0.004); PGDM 417 &5 [X dr0 [X 45 1)
SCP-VLD &+ GDM 4, ZFA Gt X (P =0.002), W% 2.

33. MEABERN

IP ZHAEFEBEIX A 34 A AR X 35 1) SCP-VPD Ik T NP 4, Z 5 4 it 2% 3 X (P = 0.007, P = 0.045).GDM
HE 1P HIEHBEX SCP-VLD. SCP-VPD 2R LG 2%5 L. PGDM ZL7E T BE [X H O FILEL 7R X 35k 1)
SCP-VPD kT IP 41, ZRA %125 X (P =0.003; P =0.048); PGDM ZL7E#BEIX 0 [X 15 () SCP-VLD
KT GDM 4, ZRAHSiT%E (P =0.001). W% 2,

3.4. B LM EXTER
PGDM 417t FAZ JEATaHILT NP 41, ZR A S22 X (P =0.005), W.#% 2.

Table 2. Comparison of macular blood flow parameters by OCTA between groups
F 2. &4HIE) OCTA K EHIMMRSHAIELE

B2 LI NP 241 P4 GDM 4 PGDM 4 F P
A 2
Hl 7.55+1.81 7.28 +3.46 6.52 +3.01 4.75 + 1.60%° 8.143 <0.001
B2 17.35+1.33  16.08+242°  1564+352°  14.66 +1.67% 7.664 <0.001
AR 17.94+1.19  17.05+1.94  1645+258° 1582 +1.38% 8.620 <0.001
Bk 17514118 1657 +2.02°  1574+332°  1525+1.32% 7.801 <0.001
1L 2
Hl 0.16 + 0.04 0.14 +0.06 0.14 +0.07 0.10 + 0.04%* 7.980 <0.001
B2 0.41+0.04 0.38 + 0.06% 0.36 + 0.09% 0.35 + 0.04% 7.501 <0.001
AR 0.44 +0.03 0.41 +0.05 0.40 +0.07% 0.39 +0.03 7.125 <0.001
Bk 0.42 +0.03 0.40 + 0.05% 0.38 +0.07% 0.37 £0.03% 7.132 <0.001
HRLG MG LA X
THI AR 0.29 +0.11 0.33+0.15 0.27 £0.12 0.30 £0.15 2.276 0.081
JERIS 2.24+0.50 2.50 +0.76 2.19+0.58 2.38+0.63 2.515 0.060
i i=pid 0.71+0.10 0.66 +0.10 0.68 +0.11 0.63 + 0.10% 3.840 0.011

e oa: 5 NP Z4AALL, P <0.005; b:

4. ¥+1ig

5P 4HAMEL, P<0.005; c: 5 GDM 4L, P <0.005.

LRI L 0 ML 33 7 2 R KT I A, (R R SR DLSCR A B G L, JITRL 45 R G AT

AR S AR AR, X AT

&b EL
G

P AR G A LR R 284K . Lin S5 [ 1310 70 3R B Sk 4k v ST 3 B 1X

SCP-VLD #1 SCP-VPD .3 %MK, Hepokur ZE[14]HIE 1 4F 4RI 8] w0 [ | [X 3k SCP ) i 2 FE B AR .
KT HBEX SCP IfiL i 25 B (R ERA T 7T 5 IR U AL — 8. AT 78 IS O H) Lo PEAE 3 B X PN 34
S RARIX I SCP-VLD. SCP-VPD B, 15 BF 5 4 1 1] BB [X 74 25 40 9 J5 1f A (g K P R L AR R AR T
AR, R LA R D o TR YR M 8 IR AR 0L T B [X 8 2 LB L 2% 88 B I, L AR 1 7 43 A T
REA2 AL I B 40 L E TSGR, LI B TR0 X SO SRR T BB S i s 7128 4k

#£ Chanwimol ZE[15]FIBFFE T, (ORI B BEX 5 SCP-VPD 341K, SCP-VLD LZER. (HIA]

DOI: 10.12677/acm.2023.1351153 8243 I IR = =23t e


https://doi.org/10.12677/acm.2023.1351153

(IRFE 72 R LA R IR 3 BE X SCP-VLD 23 R F#a#h . Kiziltunc S5 [16]43E i 4k #1710 M1 [X 38 SCP-VPD
ZEF AR HOL M Bl X 38 SCP-VPD 2N, X5 K2 HF 45 RIHA—E . AR AR,
[13] [14] [15] [16] 7] fi A& HH T 25 80 4 1R 22 s 3 35003 BT 1) DXl 40 A [ DA S A e ) 222 S 4 56

ORI B 200 110765 2% 5 2 B v UM () 0t o HIP B8 AT 7 5 5 i 77 2 e i DA B R 25 D) A 5[ 7]
[170e PRI TR I o) 6 A LA ) D AN 22 SR B B 1 B A S, K240 HIP B Aeiigim it 15 )ik
A B P R B 2 AR G s ) B, 5 FLTE 20 0005 A s BIRAS TR I, WM R AR 25 SR B/ 43 HIP
A B AT B R R AR, 1K 2 BB R R IR o (R FRA T I R o IUBIRAS P R Id 2
BLAEIR A, H HIP S8 SR gR A AR A AR AR AL 5 R I L 40 4 v RE AN R R T 4R gR I, SRR fS ]
DAFFERIF SBOL MRS, S8 )5 M e FRE[18]. AWFRBATIFARRIR T4 7% OCTA K1,
AT 7% HE AR ART I PAC AL DX G 25 P HIP B8 25 400 R S B0 At A L % 11 B 45

IR R AT, R OCTA W% HIP &5 If 25 BE AR B FL 8/, 1T FLAH SGHF 7040 & 2 1 1l
EREE R RN AT VAN (0 TEARBEIO R, MEE S B A A KR FE VAN T R 7 KB R I 5 AR 4L
FRATVIRIE T r o SR 5 FE R P8 8 B2 ) AR A AT — Bk o Liu SE[19]4R0E T 4R 4R & GDM 3% B4 if
B IR JZ FIR 2 R0 AT, X5 A5 SCP I it 25 5 PR i) 45 J A0 — 2. Sugimoto Z£[20]3 B GDM
HIPGDM B3 B BEX 3 x 3 mm i [ I & () FAZ AR ELIEH o2 7 AT W T b R I % 2H 2 3] 6 x 6 mm
JEFE Y FAZ AR 2 5 AN K, {2 PGDM 417E FAZ T 5 5K T NP 41 B 15 557 i 2 /2 A 78 GDM
5 IP H{ERBEX SCP-VLD. SCP-VPD A MR % 5, X5 B8 (1) &1 MR IRES HE AR N 2 ML 2% FE
R R R, MR AR TR R EE KK E W, PGDM AR 1P A, TERBEX ATA XK
SCP-VLD FIEEEE X Hh O FLE A X 35 ) SCP-VPD FEAIK, A GDM 4, A A7E 3B [X 0 [X 381 SCP-VLD.
SCP-VPD [#{f, XFAMKIAFE A m MRS T, SCP I it 2 5 it — 25 Jl b 4 i & A K R E A%
(1784, PGDM J&—F8 e, iR SR BRI a2, 5 S0 PRI 1A I RSS5 22 J2 d 1fi 9K )
(AR, 80 A R A0 AR ZE A, I — PR BB B Th RS2 B4, BN X B I 3 a3k
PR TR 7 b AT SR 0L DT EL 2 52 M0 UL A7 P ELAR AT B2 [15] [21] 0 FRAT TR A B A A DX 338 22 e L AP [X ek 2 S
SEANEAE, M FRATIE WU A 9 R AN PR BT G 328 ) S e AR O o X AR ML T RE 2 T HIP R
FWE A IAE R TR R GEIE N AR I R B 30 7

TEUEURIAE, A KBRS A KRR, IA8 A KB A R M AR R 74y, 2 SEUE
YRS I I A8 ()3 fE . HIP BB MR 2577 4 VEGF 25 R EN 7, SR BB Saiifn . s W
R 515 55 22 Pl SRR, 2502 0] T 4 LA 1) e B PR T RO IR [22] o R IRX LR I FT LA 4 A A D) L 7K e
BT R M — RV R, AT X R 1M A IR A

PECE R 51 RS IR A A 20 S BRARAY, 75 22 Ph IR (1 A B iR I [23] [24]. PEdcasd T ik 4%
JEAR 19 J2 52 2 L K e mRNA [ 2328 X6 400 X JBE B 77 AE AS [ (1) 52 el [25] [26]. HIP F s IS eV ER - 421
AE R - MERKRENRERIE, B SAOEKCFEL, SBEWER G, WEER-1 &
I, IR AR B TR R B4R LA 5K, BRI B g [27] 0 ad & PRI ER T DL RIS R
WA IR R [8], 1 v 7K e M5 P R o 400 o9 5 6 200 L 65 oy PR T v AR B ML A e 4, 5 B0
W FERRAR[L5] [19]o PR IER 6 5 Qe 5t M R I FBE T 9 4 88, @i DAk R AR I 37K -5 OCTA I [ Ifi
B AR RN LR .

TN 2R GRAE AR 1) 2 R AR SR ME AR I I 228, e B ASTE PR LA 2 BESE AR )L I (i A5
Fok: AN ES KA, STk, MR, R E . ORI AEN28], A mA
[ 2% B (1) L B [29] [30], AT fie 5 S0P 50 0Ly 304 A0 o A2 P 400 D B8 L5 WA 4 ¥ 10 50 81 4 ML £ v af b
BEPHTER - M RKE - BRI ARG RA, SRS B 5K, 52000 R 5 I
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B RG A EARE[31] [32],

P JIE K 2R 0 o 7 &% A BRI, AN BRI LR . Delaey 45 A [33]ic3% 1 LM JBEAE #1421 H
SRR R K HI, BA H B SE. R E AR UL R R P AR R B LR A
MR AT AR AR XS R g [34] [35], HASRIBAHIMLE 2 P I8 5% B 1) A8 A — 5 [36] [37]. Zong % A[38]1A
T DA JEEAS ] [X 380 %) 1L 58 1 2 75 45 SN 5] AT R A EH T 400 Do B 1T 7 A 85 ) AR T e ) 22 v 1 52 B AS [R] R 52
Wi A I LA B 4 I8 B 5L IE R R T R I RE 70, S SR IE ( B FE T . FepLi 3=
BT 20 B A B SR R 4E M [39] [40], BEATRZBIA K E 1, MERKE I, ZHE EIRRS EEE
BRI B [41], e A PR e 5 5 B A0 IR T o s R AR TR ARG, A S R A R
CIEWARIEN = ECI N8 N

12 H AT AR E A 2, 7 Bt — D IT e T KA AR B AN KB U AR 7t o % [R] — SR AR AN [+
LEYRIT BL) OCTA SEGHAT VAL, FTLMS B AN R . R R HIP B35 I LR I ] DA 7R 22
LIRS IRE, ABTRATTIA FE R Bl U5 31 585 77 I 8% FE A4k, RSRI N mI i 78 P Re 2 itk — 20 T fifiX
— RS AR AT W E Z A AR G AAATT ) I E MR KT, TEBRE R ey Bl 2
R A B . BT AIRATIFEA RE 5 A MRS [FIE 70 SCP I % 5 25 A — B IR N, 75 gk —
B R el RX —ER. N RN A R R AR SRR, R
HIP A0 JEE 24 o

R LERTIR, FRATITIUREH, SO (A 3 S 1 AR A A L IS I R Gt o e R A A0 DX s A% L i
JEMLH] M AR TETE R, OCTA X TR0 I 1L 378 728 4k 1) 2 7 F A B T 8 7 Ao e S P 00 D s A8 114 A= B
HARY . B SN B 25 e B . R AR UM A TS IR e S BN I TR EE X, mT LUAIG PR EE
ARRMME R, BERINEER M AR B, RPN, PRSI IR IE AORE I A A KU, % BEAA
ARG LI e A R
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