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[Abstract] Objective To analyze the distribution characteristics of retinal nerve fiber layer (RNFL),
macular ganglion cell complex, macular retinal thickness and foveal avascular zone (FAZ) blood flow parameters in
patients with keratoconus (KC) using optical coherence tomography (OCTA). Methods A cross-sectional study
was conducted. Fifty-one patients (90 eyes) diagnosed with KC at the Department of Ophthalmology of People s
Hospital of Ningxia Hui Autonomous Region from September 2021 to November 2023 were enrolled as the KC group,
and 43 individuals (86 eyes) for health examination were enrolled as the control group during the same period.
According to the Amsler-Krumeich classification, 53 of 90 eyes in the KC group were stage 1, 30 were stage 2, and
7 were stage 3. OCTA was used to measure the RNFL retinal thickness, macular ganglion cell complex thickness,
macular retinal thickness, and FAZ blood flow parameters. This study adhered to the Helsinki Declaration, and the
research protocol was reviewed and approved by the Ethics Committee of People’s Hospital of Ningxia Hui Autonomous
Region (No. [2022]-NZR-035). Results Compared with the control group, the RNFL thickness of KC patients

showed a trend of thinning in the superonasal (SN), nasoupper (NU), nasolower (NL), inferonasal (IN), and
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inferotemporal (IT) regions and exhibited a trend of thickening in the temporoupper (TU) and temporolower (TL)
regions. Significant differences were observed between the two groups in RNFL thickness in the NU, NL, and TU
regions (Wald X* =25.288, 7.697, 7.983; all P<0.05). The RNFL thickness in the TU and TL regions exhibited a
thinning trend with KC progression. There were significant overall differences in the RNFL thickness of the TU, TL,
NU, NL, IN regions between KC patients at different stages and the control group (Wald X* = 13. 895, 27.903,
18.255, 14.782, 8.088; all P<0.05). Compared with the control group, the RNFL thickness in the NU and NL
regions was significantly lower in KC patients at all stages (both P<0.05). There were no significant differences in
the thickness of ganglion cell complex and retinal thickness in the macula among the different stages of KC patients
or between the different stages of KC patients the control group (all P>0.05). The FAZ area and perimeter were
1.19(0.34, 1.22) mm’ and 6.44 (2.66, 7.54) mm in the KC group, which were significantly larger than
0.58(0.31, 0.60)mm” and 4.01(2.45, 4.35)mm in the control group (Wald X’ =10.573, 12.566; both P<
0.05). Conclusions The nasal RNFL thickness is thinner, and the FAZ area and perimeter are larger in the KC
group than these in the control group. Monitoring RNFL and FAZ changes in KC patients may provide a valuable

reference for evaluating disease progression and prognostic outcomes.
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Figure 1 Schematic diagram of a 6 mm x 6 mm optical coherence tomography
angiography scanning areas centered on the optic disc S: superior; T: temporal; N:
nasal, I: inferior; RNFL: retinal nerve fiber layer thickness; TU: temporoupper; ST:
superotemporal; SN: superonasal; NU: nasoupper; NL: nasolower; IN: inferonasal; IT:

inferotemporal; TL: temporolower

KA, TCIEBL A S UG 2 o A
SO REIEEF) W0 R g T Kl
TR EA XN RER B e B2 B2 W A%t
#E (i35 : [2022]-NZR-035) o i 4y 52

1 22 2 A R A
1.2 ¥
1.2.1 IREHGEE A& EZ

AT R RS A, 446 SE R AR B
( best corrected visual acuity, BCVA) | [}
Hs B KT S Rl B S A R HR BT T PR A
Fo O3 e RIS A A | BR AT 23 B A
(Pentacam-HR , f# [ OCULUS 4 #] ) .4
W54 OCTA[ TowardPi Bmizar B, & (b 52) BEI7FRF
A RAE KA, P R A i ) — 2856 3 & py £
SR, A IR 3 U, AR TR K AT B R RO B S
¥ i) OCTA E1%

1.2.2 WEHEAR  RHA] OCTA Jil & RNFL 3 B X
2T AN A PR B B BE DX AU 9 IR JEL 1, OCTA 1N & 43
Hr g pFmT B 3 $ BEAS [ 3 DX R J5E 1 1 e 7 e, OF A
Bl 5 KA FAZ AU JE A o RNFL JE B2 $5040 8 1 DA
A L L ELY 6 mmx6 mm f) OCTA £ £
15, 4y Sk b #l ( superotemporal, ST )., | &
( superonasal, SN ). & F ( nasoupper, NU ) K & T
( nasolower, NL )., F £ ( inferonasal, IN ), T i
(inferotemporal, IT) | 3 & ( temporolower, TL) | 3§ |
(temporoupper, TU) 8 A~ X f8 (& 1), B BKE X ff 22 795
MM SRR DR RN A RIZ RS,
OCTA WEME A 3 EEER AT 2R BB X
R 1 5% J5E B 43 At 1) DX 3 Rl 3 LA B 903 7 R DR e R 1Y
g 78 W S R A% S b o, BT BRE DR IR 23 Sy LR
O M G g 3 ARG B & 4 ARG, LS
)L O (E 2), B ER N 1 mm(H

(—_‘““L.i'.'. LIH ™

Figure 2

7 il

2 PEBEHOMA RO 24 mmx20 mm X FHEFHEHHLERNGREHETER
Schematic diagram of 24 mm x 20 mm optical coherence tomography

angiography scanning centered on the fovea

)3 mm (R F 6 mm (S ), gk [l B X AR
R MR o S IR -Bruch J5E A BE B R B BE X A0
o R
1.3 S5k

K SPSS 23.0 Ge it # it AT gt . i
TR 248 Kolmogorov-Smirnov 46 56 3IE 52 4F 45 1E 25 7
fi & VA xes Fom , AFEIES MG LI M(Q,,0,) %
o R HMSIREA ¢ K50 FUEL 2 AR SE 257 R
FHX® K3 b 2 A~ A4k S0 R B L 22 5 5 SR T T Ltk
PRI 45 2 AN 410 AL &% OCTA 8% 5% . Ll SE N
PhAs g AT 2 N AL WP LT 4E )2 B B D 22T
LA A A JRE BE R B B IR O R JEE RE A H4 {1
95% & {7 IX_[A] ( confidence interval, CI) , P<0.05 Jy 2%
FAGIEE L.

2 #R

2.1 KC 4 5% AR X RNFL S i
AT X B KC 2 3% RNFL JEFE7E SN NU |

NL IN IT X348 3, o 2 441 ) NU (NL X b 5

% WA G X (Waldy® =25. 288 7. 697, ¥ P<



- 162 - A

SEEGHRBF 4 ik 2026 4F 2 HEE 44 3255 2 ] Chin ] Exp Ophthalmol , February 2026, Vol. 44, No. 2

0.05) ;RNFL £ TU ,TL X &g, Hdr 2 4~4 8] TU
KO L4 72 5+ A 432 3 X (Wald X = 7.983, P =
0.013) (% 1),
2.2 A4 KC B 540 B4R [F] X 38 RNFL J2
JE b A

BE 53 W46 n, KC & RNFL 7E TU [ TL X f8f A7
A, &2 TU NU NL.IN | TL X1 RNFL
JERE LR, 22 5 3 43 2% 3 L (Wald X = 13.895
27.903 .18.255 .14. 782 8. 088, P<0.05) , A [
Sy KC 3% RNFL 7E NU NL X339 4% T 0f B4, 2

*1 KCA5S5xBAREKIEH RNFL B

SWA G FE L (H P<0.05) (£ 2),
2.3 RS KC 3 5 0 BTN W] DX 38 2 30 IX ol
259 U M 5 AR AL I B R L

AT 433 KC 3 550 BN [) X3 # B X 4 22
A G AR TR R D U b A 2 R TC B i
X (H P>0.05) (£ 3.4),
2.4 KC 4l 5% 41 o BE X FAZ 1 BLURNJE K He g

Ej T RRALA B, KC 4 BB X FAZ [ fLU A K 2
W3 K, 22 S A Gi i 2 B X (Wald X =10. 573,
12. 566, %) P<0.05)

ELb®[M(Q,,0;),wm]

Table 1 Comparison of RNFL thickness in different macular regions between KC and control groups [M(Q,, Q,), pm]
205 1511 %5/ IR % TU ST SN NU
X R 2] 80.81(78.77,82.85) 144.94(140.54,149.34) 139.73(134.40,145.06) 94.45(91.22,97.68)
KC 41 88.08(83.61,92.32) 141. 18(136.25,146.19) 128.39(121.15,134.91) 82.62(79.27,85.94)
Wald X* {f 7.983 0.261 2.277 25.288
P {4 0.013 0.776 0.205 0. 005
251 1180/ 1R % NL IN IT TL
X MR 2 74.85(71.80,77.88) 138.58(133.66,143.49) 160.44(155.82,165.95) 77.76(75.25,80.25)
KC 4 66.45(63.68,69.13) 125.86(120.04,131.39) 160. 19( 154.33,165.66) 81.47(77.63,85.56)
Wald x* LiER 7.697 11.436 1.673 2. 680
Py 0.019 0. 106 0.343 0.206

T (7 SCR M)

Note: (Generalized linear model)

KC: [R4fE 1 B RNFL 40 ) Il 28 4 4 122
KC: keratoconus; RNFL:

sTU 35 ST: RA SN B NU B B NL: BUFIN: R &

retinal nerve fiber layer; TU: temporoupper; ST: superotemporal; SN: superonasal; NU:

JIT: 3 TL 3

nasoupper; NL: nasolower; IN: inferonasal; IT: inferotemporal; TL: temporolower

®2 ATEZH KC B2ESWRAARERXH RNFL E

Ei®[(M(Q,.0,) ,pm]

Table 2 Comparison of RNFL thickness in different macular regions among patients with different

stages of KC and control groups (M[Q,, Q,], pm)

4151 1511 %5/ IR % TU ST SN NU

S BE 41 80. 81(78.77,82.85) 144.94(140. 54 ,149. 34) 139.73(134.40,145.06) 94.45(91.22,97.68)
1 KC 4 91.11(84.50,97.71)" 143.25(134.44,151.04) 125.83(115.65,136.00) 80.77(76.53,85.02)"
2 # KC 24 83.43(77.61,89.25)" 135.23(130.22,140.25) 133.13(123.74,142.52) 85.23(79.41,91.04)"
3 KC 4 81.14(69.51,92.77)" 142.00(133.88,170.11) 132.85(108.13,157.57) 87.28(67.86,106.70) "
Wald X* 13.895 4.239 7.709 27.903

P {4 0. 003 0.237 0. 052 <0.001

251 151 %5/ 1R % NL IN IT TL

PO 74.85(71.80,77.88) 138.58(133.66,143.49) 160.44(155.82,165.95) 77.76(75.25,80.25)
1] KC 41 65.43(61.83,69.03)" 122.84(116.18,129.51)*  165.41(156.68,172. 14) 84.77(84.77,78.94)"
2 ] KC 41 67.43(62.92,71.93)" 128.06(117.31,138.82)" 150.40(141.26,159.53) 77.30(71.84,82.75)"°
3 KC 4 67.71(51.43,83.99)" 139.42(105.13,173.71)"° 165.57(140.63,190.51) 76.42(63.30,89.54)"°
Wald X* 18.255 14.782 6.949 8. 088

PH <0.001 0. 002 0.074 0. 044

T 5 X IR L AL, * P<0. 05 ()7 L PEHE T )

S IT: R TL T

Note: Compared with the control group,

superotemporal; SN

: superonasal;

KC . [ #fE £f1 1% 5 RNFL : 1[99 Jj il 28

*P<0. 05 (Generalized linear model)

NU: nasoupper; NL: nasolower; IN: inferonasal; IT: inferotemporal; TL: temporolower

24482 TU 3 b 5 ST B3 SN: k& s NU.

B L NL: & FIN: T

KC: keratoconus; RNFL: retinal nerve fiber layer; TU: temporoupper; ST:
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Table 3 Comparison of ganglion cell complex thickness in different macular regions among patients with different stages
of KC and control groups (M[Q,, Q,], pm)

45 %50/ AR % FENIN bR ER R TRk R

Xt B8 41 43/86 117.51(116.02,119. 00) 117.03( 115. 54,118. 52) 118.41(116.77,120. 03)
1 KC 21 28/53 114.43(115.14,119.72) 116.81(114.42,1119.20) 118.50(116. 13,120. 88)
2 ) KC 41 18/30 116. 56(112. 98,120. 15) 116.70( 113. 23,120. 16) 117.00( 113. 14,120. 85)
34 KC 41 5/7 117.00( 106. 67,127. 32) 115.57(103. 87,127. 26) 119. 14(109. 76,128. 52)
Wald X {H 0.341 0.232 0.817

P 0. 952 0.972 0. 845

T (7 LR )  KC 5 8 £ 5

Note: (Generalized linear model) KC: keratoconus

4 AEASHKCEEEWRAFREHSRERRAMEERELE(M(Q,,0,) ,pm]
Table 4 Comparison of retinal thickness in different macular regions among patients with different stages of KC and
control groups (M[Q,, Q,], pm)

531 1150/ IR 5 B HE R ] BB PN Pl BB E BB N P A BB BT

I 4] 43/86  282.42(277.93,286.89) 351.62(348.98,354.26) 363.05(360.39,365.70) 364.59(360.86,368.32) 359.32(356.34,362.30)
13 KC 4 28/53 283.79(277.40,290.17) 347.18(342.98,351.39) 365.84(359.82,371.86) 365.83(360.46,371.20) 360.52(353.80,367.24)
2H KC 21 18/30 290.43(279.75,301.10) 348.90(341.25,357.54) 363.03(355.24,370.81) 363.33(355.03,371.63) 357.76(349.70,365.3)
3HIKC 2 5/7  275.71(256.39,295.03) 342.85(332.34,353.36) 372.48(341.35,403.49) 364.85(349.02,380.69) 366.28(335.30,397.26)

Wald X* fif 3.736 4.229 2.376 0.355 1.210
P 0.291 0.238 0. 498 0. 949 0.751
5 11 %5/ R % TBEST R TEBEST I LA T BE S 5l B RESE T
Xt B4 43/86 308.90(305.92,311. 86) 325.33(322.30,327.81) 343.22(340.49,345.94) 312.42(309.93,314.90)

18 KC 4l 28/53 308.09(303.27,312.91) 322.96(318.57,327.35) 340. 83(335.57,346. 08) 310.52(306. 13,314.92)
2 KC 24 18/30 305.23(296.99,313. 47) 323.83(316. 15,331.50) 342.60(344. 43 ,350.76) 309.23(302.01,316.45)
3WIKC 4l 5/7 310.42(296.94,323.91) 326.71(317.78,335. 64) 341.00(325.57,356.42) 313.85(301. 64,326.07)
Wald X* {f 1.253 1.081 0.737 1.505
P 0. 740 0.782 0. 864 0. 681

TE (7 LR ) KC 5 8 £ B

Note: (Generalized linear model) KC: keratoconus

x5 KCASMRAHERRKX FAZ HMR
ARWL®IM(Q,,0,)]
Table 5 Comparison of FAZ area and circumference in
macula area between KC group and
control group (M[Q,, 0,])

45 BIB/IREC FAZ i (mm?) FAZ Ji# (mm)
it R 4 43/86 0.58(0.31,0.60) 4.01(2.45,4.35)
KC 41 51/90 1.19(0.34,1.22) 6.44(2.66,7.54)
Wald X* {i 10. 573 12. 566
P {Y 0.001 <0. 001

T ()7 CERPERERL)  KC: [ 4 S B 5 FAZ : vt 98 1 A8 X
Note: ( Generalized linear model ) KC: keratoconus; FAZ: foveal

avascular zone
3 Itig
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