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Value of automated software in the preoperative evaluation of transcatheter
aortic valve replacement; a comparative study with manual measurement
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( Department of Medical Imaging, Shandong Provincial Hospital Affiliated to Shandong
First Medical University, Jinan 250021, Shandong, China)

Abstract: Objective To evaluate the value of automatic analysis software ( ValvePlus) before transcatheter aortic
valve replacement ( TAVR), discuss the correlation and consistency between ValvePlus and manual measurement,
assess the influence of different degrees of valve calcification on measurement outcomes, and compare the time between
the two and the accuracy of recommended valve sizes. Methods Clinical and imaging data from 138 patients with aor-
tic stenosis who underwent aorta computed tomography angiography ( CTA) were retrospectively collected. The area,
circumference, maximum diameter, and minimum diameter of the aortic annulus, distance to the left and right coronary
arteries, maximum diameter and minimum diameter of the ascending aorta, left ventricular outflow tract, sinotubular
junction, and distance from the coronary sinus to the contralateral commissure were measured by manual method and

automatic software, and the measurement time was recorded. Pearson’s correlation coefficient () and intraclass correla-
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tion coefficient (ICC) were used to compare correlation and consistency, and Bland-Altman was plotted to further ana-
lyze the differences. The patients were categorized based on the extent of valve calcification, and the correlation and
consistency among the different subgroups were compared, and a paired #-test was used to compare the time of measure-
ments. The Kappa test was used to evaluate the consistency between the valve size recommended by the two methods
and the actual valve size. Results Among the 138 patients, 93 were male, with a mean age of 64 years. All patients
presented tricuspid aortic valves and 80.4% exhibited mild or higher aortic regurgitation. Automatic measurement was in
good correlation and consistency with manual measurement, with the r values of 0.844-0.990 and the ICC values of
0.841-0.988, and the r and ICC values of the area of aortic annulus were the highest, respectively 0.990 and 0.988.
A total of 96 patients exhibited moderate to severe cardiac valve calcification, and there was a high correlation and con-
sistency between manual and automatic measurements in different subgroups, with both the r and ICC values exceeding
0.8. Automated measurement significantly shortened measurement time [ 3 min (29+24)s vs. 8 min (14+36) s,
P<0.001]. The Kappa value between the recommended valve size based on automatic measurement of the annulus
area, circumference, and average diameter and the actual valve type was 0.886, 0.765, and 0.761, respectively.
Conclusion The ValvePlus provides reliable information on anatomical parameters of the aortic root before TAVR,
demonstrating high correlation and consistency with manual measurements in various calcification subgroups, while

significantly reducing the time required for measurements, and the recommended valve size based on automatic measure-

ment is accurate, which can help the TAVR team make accurate assessments and guide valve size selection.
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Figure 1 Software principle flow chart

A; CTA images were input into the software; B&C: Segmentation results of the aorta, left ventricle, and left and right
coronary artery origin segments after 3D Unet output; D: The segmentation results of the aorta and the initial segments of

the left and right coronary arteries were transformed into three-dimensional point clouds;

E&F . Pointnet++ network was

used to identify multiple key points (lowest point and ridge point of the left, right, and non-coronary sinus, left and right

coronary artery openings) .
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Figure 2 Schematic diagram of manual measurement and automatic measurement
A-G: Schematic diagram of manual measurement; H-N: Schematic diagram of automatic measurement. A, H. Aortic
annulus; B, C, I, J. Distance to the left (B, I) and right (C, J) coronary artery;D, K. Sinotubular junction; E, L.
Aortic sinus; F, M: Ascending aorta (40 mm above the annulus) ; G, N Left ventricular outflow tract (4 mm below the

annulus ) .
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Figure 3 Schematic diagram of valve calcification with different degrees
A&B: None; C&D: Mild; E&F: Moderate; G&H . Severe.
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Table 1 Baseline characteristics of the patients

BEFHE Bifl (n=138) B RIE HH (n=138)
i & 63.7£9.5 PR/ kg 66.4x11.6
PN/ [n(%) ] BMI 24.4£3.5

5 93(67.4) L3/ (K/min) 72(67,76)

& 45(32.6) LVEF/% 58(50,60)
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WIS/ [ n( %) ] 57(41.3) VA B4 1 22/ mmHg 44(25,92)
B /em 164.9£7.5 A I 37/ (em/s) 333(251,479)
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Table 2 ICC and r analysis parameters for manual and automatic measurement of anatomical parameters of the aortic root

S TFoh & A il & ICC r P
F BN KR
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e % B/ mm

wKERZ 30.37+5.03 31.15+4.95 0.906 0.917 <0.001

wNER 21.68+4.45 22.37+4.11 0.921 0.936 <0.001
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Figure 4 Bland-Altman plots of anatomical parameters of the aortic root using manual and ValvePlus automated methods

Bland-Altman plot of area (A),

FE A RO EAE (1) B/ NEAR(T) s A F T ROR AR (K) /M EAR (L) s A8 (M) (A2

circumference (B), maximum diameter (C), minimum diameter (D) of aortic annu-

lus; distance to the left (E) , right (F) coronary artery; maximum diameter (G) and minimum diameter (H) of ascend-
ing aorta;maximum diameter (1) and the minimum diameter (J) of the sinotubular junction; maximum diameter ( K)

and minimum diameter (L) of left ventricular outflow tract;distance from the right (M)

nus (O) to the contralateral junction.
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Table 3 ICC and r analysis parameters for manual and automatic measurement of anatomical parameters
of the aortic root in the no or mild calcification group of the valve (n=42)
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BKERZ 36.52+8.92 37.79+9.15 0.960 0.969 <0.001
I/ NERZ 33.84+7.26 34.6428.10 0.910 0.919 <0.001
F BNk s 20X 45 AR Y
H &/ mm
findsE 33.58+5.72 33.78+6.43 0.887 0.891 <0.001
A e 5 34.42+5.17 34.16+5.38 0.874 0.873 <0.001
Te s 34.75+4.34 34.83+4.61 0.883 0.882 <0.001
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4 MR TR AL TSR [ S SRR B S50 1CC B r ST B8 (n=96)
Table 4 ICC and r analysis parameters for manual and automatic measurement of anatomical parameters
of the aortic root in the moderate to severe valve calcification group (n=96)

S8 TFohl it A il ICC r P

T F/mm’ 518.31+133.65 527.74+130.95 0.986 0.989 <0.001

JAK/mm 82.64+10.33 83.16+9.94 0.978 0.980 <0.001

K EA%/mm 28.89+3.86 29.46+3.55 0.888 0.901 <0.001

fe/NEAE/mm 22.24+3.36 22.46%3.12 0.899 0.903 <0.001
IR B BRI 10 25 B2/ mm 14.3413.69 14.00+3.58 0.877 0.880 <0.001
F R S KT 1 5/ mm 16.31+3.96 16.13£3.82 0.814 0.814 <0.001
Tt E 3 PKk/mm

K ERZ 40.88+6.01 40.89+5.76 0.952 0.952 <0.001

I/ NERZ 39.28+5.75 39.34+5.52 0.967 0.968 <0.001
e % B/ mm

SN 30.39+4.86 31.13+4.60 0.886 0.897 <0.001

SSUNER 21.52+4.28 22.30+3.90 0.916 0.936 <0.001

FE A4/ mm

mRKER 33.68+5.99 35.18+6.07 0.921 0.949 <0.001

wNER 31.51%5.60 32.55+5.53 0.931 0.947 <0.001
TR RIRNZE AR/ mm

fidsE 32.93+5.51 32.86+4.90 0.921 0.926 <0.001

e s 33.45+4.85 33.51+4.54 0.896 0.897 <0.001

TCd s 33.44+4.65 33.88+4.54 0.856 0.859 <0.001

25 HIMESFIHNEWREZER &A= il MR TR T2 RO T AR 1

T BT 5 9 -0 [E] 24 8 min (14£36) s,
1M F Sl & B i B[] 3 25 46 %6, 4 3 min(29+24) s,
—HZEREASIFE L (P<0.001)
26 HIMNESFINSIWMERSHERE

WRIEAEER AR JEHC P X EAR RIS 5 3 4 7
et A 90.6% (125/138) .89.1% (123/138) .
83.3% (115/138) I S HELAAH [F] A R ASE K/ 1N, T30
M5 A 2h M & Kappa {H 45 % & 0.857,0.825,
0.746, BZA 25 BB H WIHEZ T TAVR TR,
FRAE A IR AR R -3 AR A o RS R ST, 3
Wt 55 52 B A B2 1 — BOR B 88.0% (22/25)
Kappa {E 4 0.830.0.826 .0.825, 1fij [ hil & 5 52
A —ZCR BN 92.0% (23/25) ,84.0% (21/25) ,
84.0%(21/25) ,Kappa i} 0.886.0.765 .0.761 ,

3o

ARSI T A sh {4 ValvePlus £ TAVR R
RTPEAS AP A R FH (B, UE B T 50k 5 T sh il 2 48
1R A OGP B — Bt | I i 3 el A S AR B[R] B
BT [ 2l B R R AR A s I R
AT Ay I A AR e 28 R o 0 R AT IE A A B TG R

TAVR 1E NG ST T B 22 8 75 Bk, BLE Rk
F B BRI R BT AT AN e R T
Jat L A 2019 4F, EE TAVR FAREE 4#
it T SAVR'™® | ZIRFSE B145 T I E TAVR B
FRIE .0 B BAV B8 5540 6 1, 32 3 AR &6
GEREAA X 22 5, TR K G IR A iy
AT KEHERI AL AR X T TAVR B9 2h 28 6 8
B, RAGEAREAL FE AR CTA O WERE LR A1
MO RS o CTA B LA 4 s A FE
,/\ZIETJﬁ/EEEﬁ?E’JXﬂ:K B UL Hb X 43 148 A E
EEE T BN TAVR BB ARFTIEAL AOAR R
1%%%35;? SR LR RV T AR W R E
KEEN R (HFERTRK , 280 2, TAER K, HE5 R
S % Nt 256 K 2R sg T A s eT B 3l
PR 2T A sh bl &, b T E AR TR =
22l EE N TAVR AR R PR, 5 57 % i Ak
B, AT 1Z . ValvePlus A B 1% — IR, A
5% 27~ ValvePlus H il &5 F-shil & BA B S 1
AFENE Fe — 8t (r=0.844 ~ 0.990, ICC = 0. 841 ~
0.988) , FEARHT AL 5 1H HA —E M EL,
R K [ R ILTRT 32 S KR R 5 S B0 1 7
PEART S AR RS B4R B 0 X AR A 3
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ANEHY ) i, Pacini 25127 I Ky 3 ol g K A4 S 1 2%
SEFENG PRI FH R AT 3232 0, ARBF SR ARSE AR TR A 3h
WL FR PRI PR L 5 R h— SRy A i, o
92.0% 1Y) £ 35 AR H e B T BT ik B I 78 5 15 R vp
FHAF  kappa {E°H 0.886, i & — 2, i — R T I
WEER . RS e AN & 7 ik rp R RE R T
B — 8t ARSIk EE <12 mm ), SER Bl ik
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AT LA 68 ok P 2 XU =8 B bk S ] Bt /N2 3
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I KT B Bh bk 4 B R 32 R T PP AR S e
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H SR8 I T B AR R RN, o 2
27 A E] ( P<0.001) , 3l 2 75 2256 00 4R 10
IR 2 E VAT IR, b2 IR F i i A BE Ak
Ui B b 2% —E I [A] T ValvePlus 7] LL B 3 H 55k
R, TS RERT M 3 min(29+24) s, #HEE TR 25 70
AR A B IS TE /27290 ] sk 0 g 5 SR T S R
A1 T , M e AR B S fi LT ValvePlus e
TER I 5 (84.0% ~ 92.0% ) #¢ [R) 28 4 14 (80.7% ) |
—FPE AR R ST A T 4 R A
S — O R BT A T X — S BOR AR R
JEAS:

AR AFAEILA BRI D147 T 4% b
H Shil &5 F s A% L A R ) 45
() B , = EAE S bR Qi & — 30 [m] i
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