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Inter-device comparative analysis of color Doppler imaging retrobulbar hemodynamic measurements
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Abstract Objective To compare blood flow velocity measurements obtained using two different color Doppler imaging (CDI) devices
with linear probes of varying frequencies. Methods CDI measurements were performed in 99 eyes of 50 participants from Shenyang Aier
Excellent Eye Hospital using two different CDI devices, Apogee Type3500 and Esaote MyLab 7 eHD. These measurements included peak
systolic velocity (PSV), end-diastolic velocity (EDV), and resistance index (RI) of the ophthalmic artery (OA), central retinal artery (CRA),
and short posterior ciliary arteries (SPCA). The differences in measurements between the two devices were analyzed using a paired t-test.
The level of agreement between the two CDI devices was calculated using the Bland-Altman method, and the concordance correlation co-
efficient (CCC) was calculated. Results There was a statistically significant difference between the two CDI devices in the PSV,EDV of
the OA,CRA ,and SPCA ,and RI of the CRA and SPCA. The PSV and EDV of each vessel were higher in Apogee than in Esaote, and the
RI of the CRA and SPCA were lower for Apogee than for Esaote (P < 0.05). The CCC demonstrated poor overall concordance ranging from
0.136 to 0.517. Conclusion The consistency of most measurements obtained from both devices is poor. CDI inter-device reproducibility
is unreliable, even when the measurements are conducted consecutively by a single experienced ultrasonographer.

Keywords color Doppler imaging; retrobulbar blood vessel; hemodynamic parameter; consistency

T B R R X T A R IR R AL B R4 AR MR AL 2 81 UZ (color Doppler imaging,
B, A B NIRRT R At CDD S A R B B S S ksE P R
I, B E I RE T H AT PR IR MR A IR AR AERRE S Bk IR P A RS I A

A2 R T IR AR 112 Wr VPl A i
&R WA A AR IES (20231170040) s B/AKRBHEBEAH  Figl ") R RICDIR & b 20 fu 3515 52 4 5
PG (AC2214D00)  RIRRHEBEIIIIRBTETT o i o a0 oo ot 00 a6 1

BHF L4 (AR2102D1)
TEERA : TRIIE (1990-), 4, EIA BN, 1. AR R G X B CDIR & B EC & T A RACR VL Y
s : 5557 &, E-mail : maliwei@aierchina.com » N s (13- N — 5 N
RIRAREE 5 L Ermail: malivei@aierch e AT SR R T AR R CDIE £ W R 1

Wrfa B 1 :2024-03-12 ‘
P24 R 8] :2025-01-09 15:09:07 T sh 114 S HONEE A R RIILEE ] B — B S



<52 -

HREERRESR H54E

i T PO R, T3 TR 4 o — B
G AR W T 280 R FICDIR # (351
AR R AR PERRSK) BRI IOBRIR 20 2% 2
MRS

1 MR5E7IE

1.1 — ook

VEFE20224F9 H F 127 T B 22 /K ik AR R B B
FH S R R (5061, 990R) A5 R iF 5 X 42 -
b, BB 1215 (24HR), 22384 (750R), 4F #%18~54% , F-
¥ (37.62 £12.48) % o A0 A b5« TCHR P90 5 4F 1%
18~60% ; REAS LA KA  HEBRBRIE - 47 LR ; i
FEF IEAL 1<1.05 MR JE>21 mmHg; 4> B 22 G5 PP 5
TE 7 08 R 3 5k 4 B PE 25 9 ToiF5 IR B CDTENIE
U 52 2 1) o A7 3 B B SR A HEA T CDIAS 7 114 4 Kkt
B 2 A A I PR 2152 By, DAJRS gD i s
PRI 206 I 3 3 38 A s ) Fh T LG R P 3 1 Z2 IR CDL
PR g 06 522 1), W B O 23T A A 5E 99K
A R0 G 25 28 0 R A5 AR R AR A5 Dk PH 2%
IR LB HR R B B A HH 25 51 S5 (2022KTB003)
1.2 CDIUE ik

F [F] — 37 28 50 3= & (08 P s AR R B R R4 7
A BRI 8N 7124 2500 5 65041 52 13 43 i)
FH2ARNCDTSE £ ) 2 XUHR HR 315 ik (ophthalmic artery,
OA) A R 9 B K (central retinal artery , CRA) 1
BRI IS 8 B K (short posterior ciliary artery , SPCA) [
EERERIE ML s 1124250, 2R CDIE #5439 M Esaote
MyLab 7 eHD [ £& 18K SL1543 , 45%5.6 MHz, 1 (7
D) B=I7 % £ A7 BR A A ] FllApogeee 35007 (24 %
3L L8L38C, 451 %8.0 MHz, Jilik T i 75 Kl B4 A B
AT o BEAILER E CDIBE A AR B Y 56 J5 U o =X
I 57, A2 30 A EMA2 AR .10 min, #% FRMODRZE-
JEWSKAZE " (CDI 4 )5 58 HEAT M4« 3213 L
AOEMSE , SRR R, 50 A OUHR b AR G 24 57 e B0
AN Kt H Ry TRENME, TREARE T
ZARF RN b, 800t BR R A A 1R 7

BRI A AR (1) OARE T HRBEGR AL , Hr ot o
25t ST E G IR 2 B B AT I A5 (2)
CRATEHRBR J5 B SN, CRA B H i kA AE 2 )
i, R, 0 2R 20 B 2R LA L B Bl Bk TE RN )
KT ARIE BB 5(3) SPCAGE T AI 2 Wi, 76

A RESE T ILAR 22 B0, A S rp BOCHE A 28 5 DX
MERIE £93.5~6.0 mmAEAG . SPCA ™A= 21 5y
KT

M BT FH 5 25 43 A ApogeeZH FllEsaoteZ ., 43 53]
TAEOA CRAFISPCARY (I Wi 4 191 14 2 (peak sys-
tolic velocity , PSV) &7 5k AR W (end-diastolic veloci-
ty, EDV) FIMLBH. S 368X (resistance index, RI) X} %
ZRMAE M HBYOIF AT S M AR, IC 3G A 2
RAFIE
13 Geit2Eari

R HHSPSS 22.045 1 FiMedCale 12.3.0.04 24 >/ %
s JE 47 GE it 3 BT o 2R HIShapiro-Wilk G 56 46 1 11
ORI IESE SRS IER AT TR Hx £ s
T o R FHBC AT oA 36 be B2 b i o 0 (Y 22 5
P < 0.050 2 54 40 it 2% & L. & HiBland-Altmanfs
50 He Ao s 2 D A9 — Bk, IR — EerE AR
F & 0 (concordance correlation coefficient, CCC) o
CCC=Pearson’s p(FFH ) x C_b (EMFE)

2 #R

2.1 2FPCDIAE A I 8 Bk 1 i 80 )1 # S50 2 5
PEELg

2PN CDIR #5 MIAR A BR 5 1037 2h 71 2= S 800 1ME
WK, ApogeeZHOA SPCA .CRAPSVFIEDV{E
Y5 TEsaoted] , 22 7 ¥ G222 L (3P <0.05) .
ApogeeZHl CRAFISPCAIRIE 14 1k FEsaoteZ, 2% 5
IS FE L (P <0.05) .
2.2 2FPCDIEE A I Bk 5 1l 50 ) 2= S 800 — 2ok
53Hr

TP 7R R 270 15 A% W A5 e 25 00076 A o A
IR F-2{E DL S i A5 18] () — Pk . Bland-Altman
I3 BT 4 AN 7R, 200 5 5 11 5 0A (CRA SPCA
IRI— F P 4 4F, CRAFISPCAFIEDV — £ M 45 47,
HA I 2 SR — B R A BEAE, AR—BE (CeC:
0.136~0.517) & & 4 2%, UL BH2FPCDI £ [8] 75 B P
AT A2 AR R B2 B (CLb,0.723~0.968),
{E A 2 341K (Pearson’ s p,0.189~0.593)

3 itig

H 201t 28804 AR CDI & 15 W v H T HR B LA
K, BRI K AR e AN R il R A 1Y



S TR RO SRR T BRI 37

FHRLE

«+ 53 -

CDI 7%, TCie AL G 2R I AR AR iR SR
BT A AR EL A T AN [ R Y
PR o BEREAN [ 31 5 10 P 2237 R Sk 7 AT 43
BTN S R B i SR P e AR AR A i LR
R H EMRTR B 2 B IR FE B E R IWA XERG
L A58 20 Hh A T B R Sk A5 3R 18 L 2~13 MHz,
FH Bk 5 i A8 0 (1 C DI 4% e W 1% F 7.5 MHZ%

P, CDI A 1 ] E A2 5 LRI 3 A O T o (H LA
9T i KBRS TR A AR PR
VR TRl A Al B 2 PE O 1 R /b CD L 7 I Y
W, VRN B4 IR AR HEC DI & 484 7 SR 9047
St , SR 7 fff A [ CDL 4% 1 [R]— AR 1 i 3%
S A A A 1 T R P 6 1 B B SR
VR N TR AR5 1] 1 22 S A a2 B RN

S AEAN E R URIE I Y, COI A I Bk T . SR E 2 e R — [ 25 15 BBORS: DU e 75 1l
=87 [20,22] ¢ 15
SR ZEFIRK CHITXSEME A AR SHOELE RN SRS S e
FR1 2L ENEIKE MREESEH LR
Tab.1 Comparision of the retrobulbar blood flow velocity measured by the 2 devices
PSV (em/s) EDV (em/s) RI
Device

OA CRA SPCA OA CRA SPCA OA CRA SPCA
Apogee (8.0 MHz) 32.63+6.90 11.73+2.15 1230+2.20 8.11+221 488+0.77 5.01+0.93 0.74+0.08 0.58+0.07 0.59+0.07
Esaote (5.6 MHz) 29.35+6.44 10.58+2.12 11.48+250 725+223 416+122 430+1.12 0.75+0.06 0.61+0.09 0.62+0.09
L 5.17 5.95 2.94 3.82 5.41 6.32 -1.48 -2.86 -4.07
P <0.001 <0.001 0.004 <0.001 <0.001 <0.001 0.142 0.005 <0.001

OA , ophthalmic artery; CRA, central retinal artery; SPCA ,short posterior ciliary artery; PSV, peak systolic velocity; EDV, end-diastolic velocity; RI, re-

sistance index.
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Tab.2 Summary of variability data for color Doppler imaging of the retrobulbar blood flow velocity

Percentage out of the

>
Pearson’sp

Ttem Bland-Altman LOA 95% LOA (%) CCC CCC 95%CI (precision) C_b (accuracy)

PSV (em/s)

PSV-OA -9.1-15.6 4.04 0.496 0.348-0.617 0.556 0.890

PSV-CRA -2.6-4.9 8.08 0.517 0.377-0.634 0.593 0.872

PSV-SPCA -4.7-6.3 6.06 0.275 0.096-0.437 0.295 0.934
EDV (em/s)

EDV-OA -3.6-5.3 7.07 0.445 0.285-0.582 0.480 0.928

EDV-CRA -1.9-33 3.03 0.136 -0.007-0.274 0.189 0.723

EDV-SPCA -1.5-2.9 5.05 0.317 0.168-0.452 0.403 0.788
RI

RI-OA -0.17-0.15 3.03 0.372 0.196-0.525 0.385 0.968

RI-CRA -0.23-0.17 3.03 0.185 0.011-0.348 0.209 0.887

RI-SPCA -0.19-0.13 4.04 0.441 0.286-0.574 0.491 0.889

CCC, concordance correlation coefficient ; Pearson’s p, Pearson correlation coefficient; C_b, bias correction factor; LOA , limits of agreement.
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A to C,Bland-Altman plots of PSV,EDV,and RI of OA;D to F,Bland-Altman plots of PSV,EDV,and RI of CRA;G to I, Bland-Aliman plots of PSV,

EDV,and RI of SPCA.
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