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Abstract

Keywords

Objective: To evaluate the repeatability and reproducibility of quantification of macular and peri-papillary
superficial capillaries in normal eyes using Cirrus HD-OCT 5000 angiography. Methods: Forty normal eyes
were included in this prospective study. Angiography 3 mm x 3 mm scan protocol centered on the disc or macula
of the same eye was repeated 3 times by operator A in the same period on 3 days (T1, T2, T3) within 1 week,
and the FastTrac™ image tracking function was turned on during the scan. Operator B repeated the same scan
independently at T2 after operator A. Angio Plex Metrix' " quantification software (version 10.0) was used to
automatically measure the vessel length density (VD) and vascular perfusion density (PD) of macular and peri-
papillary superficial capillaries. One-way analysis of variance or nonparametric test was used to compare the VD
and PD measurements of the 3 scans. The intraclass correlation coefficient (ICC) and coefficient of variation (CV)
were calculated to evaluate the intra-operator repeatability. Consistent correlation coefficient (CCC), repeatability
coefficient (CR), and CV were calculated to evaluate the inter-operator reproducibility. Results: There was no
statistically significant difference in the measurements of VD and PD between the 3 scans of the macular and
peri-papillary superficial capillaries by operator A (P>0.05). The ICC values for the 3 scans of VD and PD of the
macular and peri-papillary superficial capillaries by operator A were 0.260-0.517 and 0.362~0.898, respectively.
The CV values of the VD and PD of the macular and peri-papillary superficial capillaries were all <8.1%. The inter-
operator CCC values of the macular and peri-papillary superficial capillaries were 0.3130-0.5665 and 0.5149~0.7801,
respectively; the CR values of the VD and PD of macula were 3.2212-4.6399 and 0.0574-0.0832, respectively; the
CR values of the VD and PD of optic disc were 2.0675-4.0630 and 0.0447-0.0730, respectively. The CV values of
macular were all <9.0%, and the CV values of optic disc were all <6.9%. Conclusion: The macular and peri-papillary
superficial capillaries parameters in the same period on different days have a good repeatability and reproducibility,
while the superficial macular blood flow parameters have relatively poor repeatability and reproducibility.

optical coherence tomography angiography; retinal superficial capillary; vascular quantification; repeatability;

reproducibility

JEor AR W JZ 40 L8 R (optical coherence il i) 73 H 38 g WO 5 A5, AE 5 1 BT 3t 1 75 HIR IR A 4
tomography angiography, OCTA)j&— il Jo A1 45 il S 1Ibk 46 FEAS i) )2 A a3 £ L, T e S
IR JEE 038 A2 A A8 ISCAGORT B2 AR, B 1 B R £ G 00 A A NS I O B B 1 5 o BRSSO R
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%Wml%iﬁ%ﬁ(fundus fluorescein angiography, FFA)
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B 2% A R TS I i AR B AR, TR GIR o B PR s AL
PO JRE A2 A I R DG IR 1 A 22 D R 110 il
Bhi2 Wi vh A7 36 B 2 25 A0 (8RR L T35 o
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Figure 1 Corresponding positions of the 3 mm X 3 mm OCTA imaging of macular and peri-papillary superficial capillaries at the

fundus photo
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Table 1 Characteristics of subjects

ZH V¢ 1, Hil
(B /) 7(17.5%)/33(82.5%) —

R (A7 /22) 3(7.5%)/37(92.5%) —
iR/ % 30.3+7.6 20.0~52.0
BMI/(kg:m ™) 20.40 + 1.90 17.53~23.95
4 Hs /mmHg 105.1 £ 10.9 89.0~134.0
#F7%E/mmHg 69.8 + 8.0 55.0~95.0
URE Y5 72.7 £ 8.1 54.0~90.0
SERUEREEE /D -1.480 + 1.760 -5.250~0.375
JEE2 IR & /mmHg 14.1 3.0 9.0~20.7
IR /mm 24112 22.1~27.5
rpr e A R /um 520.9 +25.7 476.0~578.0
RNFLJEJE /pm 102.2 9.3 85.0~126.0
GCCT/pm 185.7 + 10.9 168.0~208.0

22 A—RBEEVNEREMENRSHMNENES
iy

2t Shapiro-Wilk#i 45, (U EE T Jy PD I {H 1T
BIESD T, Eé}:Leveneﬁzgﬁﬁ%%(ﬂ]P>0.05) ,
HoR M 2 BOG M A T & IEA A (£2). I
BERAE B AR IE B 32 0 BB A X I i Y
VD MIPDEMH 2 B RT3 22 70 B s« 3R Z
] 1 85 BE R )5 PD 2 v L 4E i L (¥ P>0.05,

#2); AEZH(Kruskal-Wallis HEE ARG K R . 3K
i Z A BB [ 5 VD & PD . FA VD, &jvD ;&
PD. #MVD & PD2E R G it 4 & L (F¥P>0.05,
#£2),

PEAE B AXT B BE A DX 38k 3 U 5 4 1M 9 2 5
EEMWSM SR N A#EMVD, PDIWICCIH
H0.260~0.381, L7 fIEMVD ., PDIYICCIH N
0.471~0.517 ., BB X VD MPDI E(HCV
1)<8.1%(6.461%~8.037%, #2).

2 Shapiro-Wilkfi 4, #AMMVD . PDI
wEAEHM A IEAS T, Hé’éLeveneﬁgﬁﬁﬁﬁ(ﬁj
P>0.05), H4xiln i S8k &5 RATF & IEA
(F23) . BEAEH AN IE F I A0 4% 4 K33 Wk 4
VD FIPD I (H £ B R 7 22 /0 A o . 31k
HZ A BMVD . PDE R LG E
)Z(ﬁ‘JP>0.05, Z3); JESHKruskal-Wallis Hf%
Ak g5 R R . 3IREMZRMIE LT T
J7 . B VD K PDZE TG L (¥IP>0.05,
*3)o

PRAE B AXT P 2 A5 DXl 3 YR 4 1) 1ML U S
FEMESH B BMVD, PDAYICCIE }0.863
fl0.848, LA VDAPD., F VD, &fllvDAYICC
5°50.663~0.744, FJ7PD X EMIPDHIICCIE N
0.599F10.577 ., #AEH AXT M £ 45 X s vD FIPD i)
CVJ<5.3%(3.260%~5.260%, 723),

2.3 AEREEMNERRAEMRSHNEN BN
453 #r

P24 VR B 2 (8] X IE 7 32 3R B B KA 2 X
VD . PDJN & (W FFBLME WL 4, 5. BEE L5 fl B
M VD, PDCCCIH N0.5125~0.5665, EEE
D7 FIE M A VD . PDARYCCCIH ~H3130~3808, i
KEX VDA CRH 43.2212~4.6399, PDIJCRIH N
0.0564~0.0832; B X 4% X 3K A VDA PDIY
CVIH)<9.0%(5.801%~8.999%, 74),

M E VD, FAVDEPD., #MvD &
PDHJCCCIH }0.6270~0.7801, fL#% - J5PD .
EMVD &XPDCCCIHN0.5149~0.5847, &k
X VDK CRIE H2.0675~4.0630, PDIJCRIE N
0.0447~0.0730; A X & X VDHIPDICVIHYY
<7.2%(3.710%~7.121%, #5).
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Table 2 Repeatability analysis of the measurements of superficial macular capillaries blood flow parameters at different time

points by operator A
IS T {E T2 2 {E T3 {E P ICC (95% CI) CV/%
VD
i) 2072+ 1.72 2034+ 1.71 20.14 +2.03 0.434° 0.517 (0.335~0.683) 7.63
T 19.99 +2.00 19.12 £2.27 19.46 + 1.84 0.180° 0.381 (0.190~0.573) 7.866
LIl 21.17 + 1.77 20.38 +2.19 20.69 + 2.09 0277 0.511 (0.328~0.680) 6.461
| 19.97 + 1.65 19.50 + 1.87 19.64 + 1.93 0.537 0.322 (0.127~0.524) 7.718
PD
5] 0.366 + 0.029 0.360 + 0.029 0.356 + 0.034 0.5417 0.471 (0.284~0.647) 7.696
U7 0.352 + 0.029 0.338 + 0.038 0.345 = 0.031 0.183* 0.273 (0.084~0.478) 7.615
S 0.375 +0.030 0.361 + 0.040 0.368 + 0.037 0.217" 0.489 (0.304~0.661) 6.591
il 0.355 + 0.031 0.347 + 0.034 0.347 + 0.033 0.473 0.260 (0.068~0.469) 8.037

HARZE A 2905 S Kraskal- Wallis HEZ S

*One-way analysis of variance; "Kruskal-Wallis H test.

RIBEFAEAEME AN EERAZ MRS HNEHES ES W
Table 3 Repeatability analysis of the measurements of peri-papillary superficial capillaries blood flow parameters at different

time points by operator A

MRS T E A T2 T3 P ICC (95% CI) CV/%
VD
s 19.91 + 1.63 19.89 + 1.29 20.11 +1.27 0.773" 0.744 (0.613~0.844) 3.636
T 20.20 + 1.22 20.00 + 1.52 20.18 + 1.46 0.898° 0.715 (0.575~0.825) 3.456
LRIl 21.30 = 1.61 21.01 + 1.64 21.40 + 1.65 0.497" 0.663 (0.508~0.789) 4.59
B 20.64 +2.78 20.42 +2.85 20.93 +2.45 0.699* 0.863 (0.782~0.920) 3.837
PD
i 0.411 % 0.029 0.408 + 0.026 0.414 +0.023 0.616° 0.690 (0.543~0.808) 3.776
T 0.420 +0.022 0.413 + 0.025 0.420 + 0.024 0.362° 0.599 (0.429~0.744) 3.286
L) 0.422 +0.033 0.417 +0.036 0.423 +0.033 0.814" 0.577 (0.403~0.729) 5.26
gt 0.386 + 0.057 0.382 + 0.057 0.391 + 0.052 0.775* 0.848 (0.760~0.910) 5.132

AR E 2250015 “AES 8K ruskal- Wallis HEG 5

*One-way analysis of variance; "Kruskal-Wallis H test.



JO7FHDGAAR 72 1 L AT A A PO I L V) P S e B s, 5% 445

R4 AEIRIEETER — B8 3 E R REB MR SN2 BIES T

Table 4 Reproducibility analysis of the measurements of superficial macular capillaries blood flow parameters at the same time

point by different operators

ML SE CCC(HEH A vs BEVEEB) (95%CI) CR (95% CI) CV/%
VD
i) 0.5445 (0.3002~0.7218) 32212 (2.6447~4.1215) 5.801
T 0.3231 (0.0299~0.5651) 4.6399 (3.8094~5.9367) 8.854
B 0.5198 (0.2678~0.7052) 3.6163 (2.9690~4.6271) 6.408
A 0.3808 (0.0971~0.6073) 3.7760 (3.1001~4.8314) 7.059
PD
157 0.5125 (0.2600~0.6993) 0.0574 (0.0471~0.0734) 5.834
T 0.3130 (0.0156~0.5595) 0.0832 (0.0683~0.1064) 8.999
S 0.5665 (0.3312~0.7355) 0.0626 (0.0514~0.0801) 6.254
<t il 0.3440 (0.0537~0.5806) 0.0697 (0.0572~0.0891) 7.316

RS AEIRIEETER — B8] =3t IE B R E MR SN 2N BIES T

Table S Reproducibility analysis of the measurements of peri-papillary superficial capillaries blood flow parameters at the same

time point by different operators

QiR 25 CCC(HAEH A vs BEAFEHB) (95%CI) CR (95% CI) CV/%
VD
v 0.6453 (0.4376~0.7876) 2.0675 (1.6975~2.6454) 3.710
TH 0.6727 (0.4756~0.8054) 2.6504 (2.1760~3.3911) 4.832
L 0.5149 (0.2656~0.6997) 3.0865 (2.5340~3.9491) 5.230
A 0.7444 (0.5676~0.8556) 4.0630 (3.3358~5.1987) 7.121
PD
153 0.5655 (0.3376~0.7307) 0.0447 (0.0367~0.0571) 3.907
7 0.6270 (0.4104~0.7767) 0.0466 (0.0382~0.0596) 4.096
S 0.5847 (0.3660~0.7422) 0.0579 (0.0476~0.0741) 4.952
il 0.7801 (0.6222~0.8770) 0.0730 (0.0599~0.0934) 6.853
3 itip IS FRLJEG 1L 55 £ U 30 19 27 40 M358 7 ek o

OCTARZ —IUHRE . JCB ., ] 5t AL A0 1
P01 ok 2% It A L 3 156 0 ) I A AR B R, L

MTOLEN R, Rk TR I, RS
ML JE 00 PO 25 22 1T 99 1 455570 O CTAFE MBI
IR RHIE B B, PR R
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ﬂ%iﬁ'éﬁﬁ(primary open-angle glaucoma, POAG) 10}
SR AL 55 R P B 4 B il gk R 3R AR DG, (H BRI
il i AN WIES , O CTAR] LUBAU) 1 figg 40 9 A 1fi. 3t 175
B, DOAHR TG (A . 20 25 00 2% IR RS I 308 1) o 3 Ok A
WPOAGAIFHLE, il 27 $A5 E s, d Al
AT O CTA AR 1Y F 52 PR AP IR I N E %

OCTHECA AR HME R . R m o=, H
TG DB, S0 X IR JES i 3t 45 i 4 6 20 BT g
FAIE™, P AW S B RS 13 mm x 3 mm PASE
YL % 258 R X 65 v RV A 1) AR AT A o 2
A SF H 118 D' i 2 2 v 2 LA Bk TR 2 I AE O
FEF IRTHRSK B, A% 23 43 2 148 1Y 45052 (B il 4
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