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Abstract

e AIM: To quantitatively analyze the changes of retinal
microcirculation in patients with pregnancy - induced
hypertension ( PIH) syndrome who have delivered after
more than 6mo by using optical coherence tomography
angiography(OCTA).

¢ METHODS: In this study, a total of 19 females with PIH,
23 healthy pregnant women and 19 control non pregnant
women ( CNPW ) were recruited. Ocular examinations
including diopter, best corrected visual acuity and axial
length were measured, respectively. OCTA was used to
measure the optic nerve head and macular blood flow
parameters, nerve fiber layer and choroidal thickness of
the three groups. The data of pregnant patients were
collected more than 6mo after delivery. All statistical
analyses were performed in the SPSS20.0, and single
factor analysis of variance was used to analyze inter -
group differences of retinal microcirculation related
parameters among the three groups.

e RESULTS: Foveal avascular zone ( FAZ) of the PIH
group was significantly larger than that of the HPW and
CNPW groups (all P<0.05). There was no statistical
difference in macular superficial capillary plexus vessel
density among the three groups. The superficial capillary
plexus vessel density of each region of the optic nerve
head in the PIH group, among which the entire 6mm
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layer, outer layer, lower lateral layer and lateral nasal,
was higher than that in the HPW and CNPW groups. There
was no statistical difference in the average thickness of
retinal nerve fiber layer among the three groups, but the
thickness of temporal retinal nerve fiber layer of PIH group
was significantly thinner than that of HPW and CNPW
group(all P<0.05). The central foveal thickness of PIH
group was significantly thinner than that of HPW group
and CNPW group (all P<0.05). There was no statistical
difference in central choroid thickness among the three
groups.

e CONCLUSION. Differences were founded in partial
retinal superficial capillary plexus vessel density, central
foveal thickness and temporal retinal nerve fiber layer
thickness in postpartum patients with PIH compared with
HPW and CNPW groups, suggesting that the effect of PIH
on retinal microcirculation may still exists after delivery.
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coherence tomography angiography ( OCTA ); retinal
superficial capillary plexus vessel density
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5 QR R I e i | B R T RS L RE O A SR T
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REIRAT S B SR, BU AR | Bk [l bR BT T Bk
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Jiki 56 6 1L ( Topcon, KR = 800 ) & )¢, Ak 22 ik 5 MR & 31
(Topcon, CT—800 ) il 2 HE < , G 5 i HIR JEE HEAH AL ( Nikon,
Optos ) FAFFIR IS , A= P 52 4% ( Zeiss , IOL Master ) I 22 IR
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k1 ZHA—WEREE xES

2H 53] BB AR () SE(D) AL(mm)

PIH 41 19 30.84x3.63" 2.11x1.13  24.30+0.73

HPW 41 23 31.96+3.16" 2.20+1.12  24.38+0.66

CNPW 41 19  25.75£1.28  1.98+0.97  24.22+0.40

F 26.317 0.216 0.403

P <0.001 0.806 0.700

7 ."P<0.01 vs CNPW 4,

HPW 2171 CNPW £H # 5 [X. 3mm 1 Bl P 4% 43 [X. SCP-VD

SHIG i E X (P>0.05) . PIH 401 8 BE FAZ %%
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Gt L (P>0.05) , =412 8 B H O DX I JEE 1
(central macular thickness, CMT) 2 SEGI¥E X (P<
0.05) , H: PIH 4% HPW Fil CNPW £H B i 25 3 (1 P<
0.05) ,HPW £ Fll CNPW 4[] £ F L4512 X (P>
0.05), =4 % .0 M T ik &% B JE & ( central choroid
thickness , CCT) 22 R LG 12425 L (P>0.05) , L3 4,
3itie

A5 S OCTA YR A 2817 5 6mo L I PIH i
B BE RN FL Sk DXl it A5 % 3 1 AR A S B BE X A FL Sk 2T 4
V2 T TS B B A Ak, R PIHL S8R 35 7 I k47 3 309 A
UG HIWr , itk — 058 72 5 PIH 555 RS Bl s | ik
24 JIEE DX 1) AT B el 2 Pt LA . B AR A A AR IE B
PTH £33 J3CA00 090 5 L 7 A e 2817 S 00 27L Sk 0 400 1)
M, A — A2 A TR RGP AT R85,
il 75 AR 4 B It I REAS IR] o A R A Ak
K& R R Ge ik = F 320015 DU RE, 0 h 32 il 2 45l , &
B i R T 25 R A B 28 B 28 i g, AT T ik
KM R,
TEARTHE ST, XF B BE X FAZ JEAT 04, 45 51 R

PIH AL #BEH.0 M FAZ B P4 48 K (P<0.05) .
BB [ DX 3k 1 IV AR 4 Rk A IR IEIE IR R 48,
44 By I T R B ks BB I 9 k5 4 B I i H A7) 34
JIT 13 A T 400 oo B Pk 265 JBE 1 25 440 R ) B s ok B ik 1) %
Wi, AL 0 R, RN PTH A TR S 30, LA 51 19
Uit In] 4= B B 2R R A B BT A
By A A AR, AR A 5K i R T T Bk 4%
FES B A0 0L A A2 400, 5 R I A VR L K P e Pk 4% e P 2
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HHAZE A 7L S DXt g v TR 2 4% B B R T IR R A R
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T A A R IR 465 S T S P | o o 6 e Mk
FEFREGIE, {H Atas 25 R Sayin 2570 A0 o Tk 45
MRS SRR AT R CCT I & LU (R AT YR 411
5 FRPFSEAR, AR RBTSE =408 CCT T4t X, /]
FERIRANR . (1) % F PIH BT I 2 AE =I5 6mo Ji, 72
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F2 EMHRX 3mmEEANESHEX SCP-VD 1 FAZ mR I tb xXxS
SCP-VD(/mm)
21 5 FAZ 2
B (mm®) C IR ER S I T N
PIH £ 0.36+0.07 6.96+2.60  19.74+1.52  18.27+1.57  19.52+1.53  19.78+1.75  19.68+1.71  19.94+1.97
HPW 41 0.30+0.11°  8.04x2.61  19.72+2.08  18.40+2.04  20.12+2.29  19.00+2.43  19.57+2.63  20.11+2.37
CNPW 41 0.28+0.09°  8.68+2.75  19.90+2.11  18.65+2.08  20.05+2.49  19.05+3.15 19.91+1.95  20.66+2.15
F 3.45 2.051 0.053 0.194 0.46 0.559 0.130 0.573
P 0.039 0.138 0.948 0.824 0.634 0.575 0.878 0.567

L CoHO MG IR NI ER B3RS B 1 O T 30000 N 50 . P<0.05 »s PTH 4H

R3 M2 emmEERNERXIE SCP-VD Lk (X£S,/mm)

[X 35§, PIH 4 HPW 4 CNPW 4 F P

C 4.92+£3.47  4.00£4.0  4.59+4.86 0.27 0.764
IR 18.67+1.43 18.41+1.28 18.56+1.36 0.197 0.822
OR 18.46+0.73 17.24+2.1° 16.78+2.61* 3.626 0.033
ER 18.13+0.58 17.11+1.71" 16.85+2.14" 3.306 0.044
SI 18.92+1.08 19.01+1.01 18.85+1.44 0.111 0.895
SO 18.66+£0.73 17.75+2.09 17.39+2.76 1.939 0.153
11 18.61+1.83 18.63+1.38 19.04+1.28 0.516 0.600
10 19.36=1.14 18.38+1.53 18.02+2.21" 3.307 0.044
TI 19.05+1.80 18.52+1.60 18.66x1.66 0.551 0.580
TO 17.90£1.59 16.90+2.87 16.59+2.69 1.455 0.242
NI 18.10+1.84 17.48+2.83 17.69+2.48 0.336 0.716
NO 17.95£1.10 15.85+3.20" 15.47+3.45" 4.328 0.018

FELC. 0 IR NI ORAMNA ER 2534, ST, N 3R [ ;SO 43R
LI NIRRT 10 AN R 5 TL: N EREAN ; TO . 41343540
NI HERELI; NO . ZRER £ . * P<0.05," P<0.01 vs PTH £ ,

x4 MIALBREBHEAUEEE ERSXERKKERE

BN (X£S, um)
pik2 PIH 44 HPW £ CNPW 41

eIy (n=19) (n=23) (n=19) P
RNFL
A 100.74£8.14  98.32+10.57 102.94+10.69 1.090 0.343
S 117.26212.05 116.80+18.74 115.00+21.48 0.083 0.921
I 139.47+17.67 127.28+18.46 137.94+19.83 2.555 0.087
T 80.26+12.05  94+16.68" 93+14.45°  5.111 0.009
N 66+11.68 62.21+7.24  65.56+10.91 0.793 0.458
BB JE
A 276+11.97  277.39+15.79 277.37+14.62 0.061 0.941
CMT 227.42+19.59 250.61+18.57" 245.16+20.29" 7.845 0.001
SI 318.26+13.03 327.57+15.89 324.58+15.16 2.093 0.133
SO 280.84x11.99 286.00+14.50 283.32+21.67 0.515 0.600
il 312.11£15.58 319.48+14.09 314.21+10.66 1.653 0.200
10 264.21+10.10 264.91x11.47 265.95+11.83 0.116 0.890
TI 305.05+13.18 310.96+14.93 307.68+12.33 0.990 0.378
TO  258.42+10.69 262.13+12.74 260.37+13.07 0.477 0.623
NI 315.89+15.81 326.26+14.66 325.47+15.84 2.78 0.07
NO  298.05+11.49 304.87+14.88 305.21x12.44 1.842 0.168
CCT 202.05+29.46 284.96+33.94 299.21%29.53 1.085 0.345

HACEES B L RO T N B CMT . 3 B X
PR RS JRBE ;ST N ER 5 ;SO MR 05 s 1L NER T 7510 AR 3R
R TL: PERGEN  TO S FRFGM 5 NI N 31 540 ; NO - SM IR B il 5
CCT: H L MTF 28 B B ,* P<0.05," P<0.01 »s PIH 4,

R, TR Y KRR AR itk — 2P T, AR A S [R] 7™ 5
TR B R R R AR A I 0 R A 3 o 7 ' ek 5% 0 g e
RIS 1 5 BT B 2R I, K 22 B0 I B4 47 2 P ok 4%
I 1145 R 8 () AR 5 R 1), A 56 ik 4% %) PR S RN A BT,
Shyak— 5 B PTH X [k 28 5 it it i) 9 B4 488 3 4 7 I a2
T RFELATAE 70 S5 SEAF 5T ARG I ik 24 FE %) i 1 2R T AR
A3 A

BRI 5 Hh -t 2 B A HeAth PR 25 1T BB 2 52 M 400 1) 5
THOEIRGS HE . (1) 7647 1% 55 10 I 1 787 28 B A 5G4 F 5%
H Park S5 DA A A0 19X A8 I 45 4 15 4 % 2 B AR DGk
B Gadde 45 M 1A A #1L I B i 45 2% BE 5 4F #% TG HH 56
PR ORI SRR I G4 24~ 40 %, BLSR PTH 41
1 HPW dH BAE IR TG 1243 X, {H CNPW ZA4F % %0 |
B/NT PIH 4080 HPW 4, ARWF5EH 78 SE Fl AL L4¢
THERE U BT, PIH 4838 40 DX IS0 I I 1t 657 % 5 77
T HPW 411 CNPW 41, H HPW £ #1 CNPW 4H 7] JC B
225 (2) PTH S Y 7™ F5 A5 B AT BBt 2 X 400 P 58 1fi 45
9 3 AN TR A2 i BRAE AR 5% SR B 4RGE T 0 A X
OB PR 1t A 285 B B e AR ST AR, PTH 4 A4
PG FE TR G 6mo IR K E S RUS B9 R R A,
o 1 P A T ) A O U0 e ML R BT el b IR,
FEAWEZE R, T AT AR 3 T AR 3 PIH B3 ™ 5
DR 5 1L 65 25 A A AR 1) SRR AL

ARG RARGE T PIH BEFE =I5 6mo Ji i 4L 1] fi5E
0GP 505, & B0 PIH BB & B BE FAZ K+ HPW 41 Al
CNPW 20, FL7L 3 58 43 X 3 iy 85 %% % TH /7, CMT F&AIR, 156
B PIH 3% BME L 77 )5 6mo, 4% T 48 b5 249K 52 1F % A%
T 43 DX I A0 D0 R ok 246 IS 245 4 N T BB 1) S [
AR FEAFAE— 2 W SR BR 1, 245 LR JLAT . (1) #F 5T
FEACTR R | T R 45 S 1 i — 22 It 5 (2) 7E S 261
WFFE T FRATTHGHE— 259 KR A B TR AR VTR IS, A [F)
JFE Y PTH XA B IR S E 052 5 (3) BEAEA BT 58 42
iEC T PIH ik 4% BRI /& %5 1 38 % ( choroidal vascular
density index, CVI) FZEAL ) H 22 KR FRMAL RS, A UK HF
5% HREIN A5 2L I A AL 3Lk v 2 B 4 IS %, R BB 1A
TN S0 )22 6 200 0 A A I 3 17 OO0 B ik 285 1S A i A 1) I 55

28 bR AR SE KB PIH R 3 72 )5 A0 5 40 X
BN % 5 HPW [ CNPW 48] 7778 24 5, #E /5% PIH
Xof A I JIES AR A ) 5 M BT B A 7 s AP RS2 A A

1865



EfRRRIZE 2022 FENH $E22% SHE1H  hitp://ies.jo.cn
B85 :029- 82245172 85205906 B 3{S#5:1J0.2000@ 163.com
S 3k flow in preeclamptic patients evaluated with optical coherence tomography

LIRS B Bher, 55 7 i dbat: ARV H A 2008 104-117

2 %47, JEIGE. SRR R IR e B I TS R e B S R R
BUARIAPFHIERE 2013;22(8) :666-668

3 Kintiraki E, Papakatsika S, Kotronis G. Pregnancy - Induced
hypertension. Hormones 2015;14(2) ;211-223

4 Abu Samra K. The eye and visual system in the preeclampsia/eclampsia
syndrome ; what to expect? Saudi J Ophthalmol 2013;27(1) .:51-53
5RE, HBEEE, K. EDI-OCT PEAS 4L IR & i e 5 5 R i i 28
HHRL PO IR R K 2% 5 JEE R A . [ B IR B A k2018518 (5)
926-929

6 RN, hARIRABLE 5 2 AR, dbat. AR TA: Ak 2005.
2154-2155

TXNGE, AR, SR AL 5 3 M. dbat: AR TR R
2010:429-430

8 Wright PH, Khalid H, Keane PA. The utility of wide —field optical
coherence tomography angiography in diagnosis and monitoring of
proliferative diabetic retinopathy in pregnancy. Am J Ophthalmol Case Rep
2022;25:101280

9 Tsang SH, Sharma T. Optical coherence tomography. Adv Exp Med Biol
2018;1085:11-13

10 Tok A, Beyoglu A. Antenatal and postpartum comparison of HD-OCT
findings of macula, retinal nerve fiber layer, ganglion cell density
between severe preeclampsia patients and healthy pregnant woman.
Hypertens Pregnancy 2020;39(3) :252-259

11 Dingerkus VLS, Munk MR, Brinkmann MP, et al. Optical coherence
tomography angiography (OCTA) as a new diagnostic tool in uveitis. J
Ophthalmic Inflamm Infect 2019;9(1) ;10

12 Yilmaz I, Ocak OB, Yilmaz BS, et al. Comparison of quantitative
measurement of foveal avascular zone and macular vessel density in eyes
of children with amblyopia and healthy controls: an optical coherence
tomography angiography study. J AAPOS 2017;21(3) :224-228

13 Lim CW, Cheng J, Tay ELT, et al. Optical coherence tomography
angiography of the macula and optic nerve head: microvascular density
and test—retest repeatability in normal subjects. BMC Ophthalmol 2018
18(1):315

14 Ciloglu E, Okcu NT, Dogan N(C. Optical coherence tomography
angiography findings in preeclampsia. Eye ( Lond) 2019;33 (12).
1946-1951

15 Tso MO, Jampol LM. Pathophysiology of hypertensive retinopathy.
Ophihalmology 1982;89(10) :1132-1145

16 Khojasteh H, AkhavanrezayatA, Ghoraba H, et al. Novel surgical
approach for removing intraretinal loculated foveal hemorrhage in a
patient with hypertensive retinopathy. Am J Ophthalmol Case Rep 2021;
24.101217

17 Naderan M. Ocular changes during pregnancy. J Curr Ophthalmol
2018;30(3) :202-210

18 Sedille L, Pierre I, Pourrat O, et al. Keeping eyes on preeclampsia.
Pregnancy Hypertens 201813 .286-290

19 8P, SRJUBR, S5, S5 R TR BT 10 A IR 5 A 2
WP 2R o A B Ut AR 25 )R o3 Mr. HP AR RIS i 2% 3K 2021537 (5)
371-376

20 Urfahoglu S, Bakacak M, Ozdemir G, et al. Posterior ocular blood

1866

angiography. Pregnancy Hypertens 2019;17:203-208

21 Demir M, Oba E, Can E, et al. Foveal and parafoveal retinal
thickness in healthy pregnant women in their last trimester. Clin
Ophthalmol 2011;5:1397-1400

22 Atas M, A¢maz G, Aksoy H, et al. Evaluation of the macula, retinal
nerve fiber layer and choroid in preeclampsia, healthy pregnant and
healthy non - pregnant women using spectral — domain optical coherence
tomography. Hypertens Pregnancy 2014;33(3) :299-310

23 Wright PH, Khalid H, Keane PA. The utility of wide—field optical
coherencetomography angiography in diagnosis and monitoring of
proliferative diabetic retinopathy in pregnancy. Am J Ophthalmol Case Rep
2022;25:101280

24 Komoto S, Maruyama K, Hashida N, et al. Bilateral serous retinal
detachment associated with subretinal fibrin—like material in a case of
pregnancy — induced hypertension. Am J Ophthalmol Case Rep 2019;
16:100572

25 Lee CS, Choi EY, Lee M, et al. Serous retinal detachment in
preeclampsia and malignant hypertension. Eye (Lond) 2019;33(11):
1707-1714

26 Sayin N, Kara N, Pirhan D, et al. Subfoveal choroidal thickness in
preeclampsia; comparison with normal pregnant and nonpregnant women.
Semin Ophthalmol 2014;29(1) :11-17

27 Benfica CZ, Zanella T, Farias LB, et al. Choroidal thickness in
preeclampsia measured by spectral - domain optical coherence
tomography. Int Ophthalmol 2019;39(9) :2069-2076

28 Valluri S, Adelberg DA, Curtis RS, et al. Diagnostic indocyanine
green angiography in preeclampsia. Am J Ophthalmol 1996; 122 (5) .
672-677

29 Park SH, Cho H, Hwang SJ, et al. Changes in the retinal
microvasculature measured using optical coherence  tomography
angiography according to age. J Clin Med 2020;9(3) :883

30 EWHK, $REE, BHINLL, 45, 40 % DL b IE# N BE I I 2 B A
TR U IR 2022331(2) :125-129

31 lafe NA, Phasukkijwatana N, Chen XJ, et al. Retinal capillary
density and foveal avascular zone area are age—dependent: quantitative
analysis using optical coherence tomography angiography. [Invest
Ophthalmol Vis Sci 2016;57(13) :5780

32 Rao HL, Pradhan ZS, Weinreb RN, et al. Determinants of
peripapillary and macular vessel densities measured by optical coherence
tomography angiography in normal eyes. J Glaucoma 2017526 (5) .
491-497

33 Gadde SG, Anegondi N, Bhanushali D, et al. Author response:
quantification of vessel density in retinal optical coherence tomography
angiography images using local fractal dimension. Invest Ophthalmol Vis
Sci 2016;57(4) :2263

34 You QS, Chan JCH, Ng ALK, et al. Macular vessel density measured
with optical coherence tomography angiography and its associations in a
large population—based study. Invest Ophthalmol Vis Sci 2019;60( 14 ) .
4830-4837

35 Shim KY, Bae JG, Lee JK, et al. Relationship between proteinuria
and optical coherence tomographic features of the chorioretina in patients
with pre—eclampsia. PLoS One 2021;16(5) ;e0251933



