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[ Abstract] Objective To investigate the predictive value of machine learning (ML) models that integrate aortic com-
puted tomography angiography (CTA) parameters and clinical variables for re-dilation in patients with residual aortic dissection
(rAD) after ascending aortic replacement. Methods A total of 156 patients with aortic dissection (AD) who underwent as-
cending aortic replacement at Beijing Anzhen Hospital between September 2017 and October 2020 were retrospectively includ-
ed. Patients were randomly and stratifiedly divided into a training set and a validation set at a 7:3 ratio. Aortic CTA-derived
parameters were manually measured, and clinical variables were collected. Feature selection was performed using univariate lo-
gistic regression and least absolute shrinkage and selection operator (LASSO) regression. Subsequently, prediction models
were constructed using random forest (RF), extreme gradient boosting (XGBoost), and support vector machine (SVM). Model
performance was evaluated using the area under the receiver operating characteristic curve (AUC). Results  After a median
follow-up of 4.7 years, re-dilation events occurred in 36 patients (23.1% ). Following feature selection, height, history of hy-
pertension, number of entry tears, maximum true lumen diameter at the iliac bifurcation level, and false lumen area at the iliac
bifurcation level were included in the ML models. In the training set, the AUCs of the RF, SVM, and XGBoost models were
1.000 (1.000-1.000), 0.932 (0.865-0.984), and 1.000 (1.000-1.000), respectively. In the validation set, the corresponding
AUCs were 0.865 (0.703-0.978), 0.855 (0.706—0.967), and 0.795 (0.598-0.936), respectively. Conclusion The ML models

developed in this study demonstrate potential utility for prognostic prediction in patients with rAD after ascending aortic re-
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placement. Among them, the RF model showed the best performance in the validation set, which may contribute to improved

clinical management of patients with rAD.
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F ke JZ (aortic dissection, AD) f&—Fh &R
FERTAARAEL G LA 55 F P , JU HZ2 AR A B 325
k3 )2 (Stanford type A aortic dissection, TAAD) , Hfp
FESE L4 AR /NI 1% s B RE K T sk E
BARIEIRST TAAD B9 EZ )7k, EABEIR T AD &
B IE RS (HIE TAAD 3l 7 2458 B A Jm) BR
T ED Ik, =T B — B R 2 Sk 8 B
k. TRz R fE il REET &
HRZ K K B sl kot 1, S BUE S B RARAERHT
1717 e 20 Jk B T AR B2 R G XU 34 848 v , L e LA
W, PRI, T B 38 R HERE X TAAD #4174
B IR T 3 8l Ik & 45 R J5 AT T RE A I A7 7R 5%
A F BRI JZE (residual AD,rAD) , A AJ B 52 3= 3 Bk
JE— 5K R L O R KU A
i) rAD S T REA BT oo H A BT I 1 .

Y F ik = 5 R OY, AT 4R B R SR AL X
rAD T SR A TS FEAR TS 4 2 ikt Y — ik
WAL T DEON T3 vAD F547 5K A9 T8 45 , 1]
LR P AR AR R S Sh K BRSO BRI, rAD
PP SRAEAE th 22 0 R R L[R2 — ke 5 A 2% i
B, AR I LA BR T ORSL (bR AR AN . Bl
>J (machine learning , ML) REME TS HL B vh 2 )
FEHEAT TN o o5 22 i e A A A R PR A (Y SR | T X
ARG H M LA S A G T i L, SR G RN
L, AR LM R B TSR A L5 e 00 T A R TS PR AN
SELF M (Robust) 12 ZE ISR 19U B 5
T, 55T ML B30 g %) T D00 A8 7R 702 A 5 A% e s ) L
A FE U A B B, ABFST & A i
R SRR R 5 52 A5 800 A EEH] T 3000 rAD 547
SR ML B HE R
1 #REFHE
L1 IERBEREE BRI A 2017 4F 9 A —2020 4
10 A AEdb 504 o1 B Be 4% 32 Tt 32 3 ik & 45 R B TAAD
156 1, 5 123 1), L 33 B, L AE IR 47 (40 ~
54) % TAAD 5& SCR RISk AD - AHF5EiE
it R BE A P 2 By 2 A (2025122x ) , K04 A & i 48
P DL oW, DI ABRIE : Il TAAD 47 J1 3 3 ik i #5¢
AR FESAE T Z IR S B B E KIS TR G 5 S
BARS TSI E A, HEERARE: (1) 2 BR
BHRR T AR LMY RE T3 KT AR5 (2) 223 32 30 ik

Aortic dissection; Residual aortic dissection; Aortic computed tomography angiography; Machine learn-

AEEAD; Q) ARJE 1T MANZKFAR; (4) =R
J 1A AN ESIK CTA Bk} (5) RIEhr R 5 %
HEATRES o

1.2 EBhPk CTA FMSFREL CTA KGR LT %%
Z—3RH:256 HE CT 41 ( Revolution, i J HL < &
I7, 9% [ B BR B N % IR IR 5L ) 1320 HE CT H Y
(Aquilion One, RZ EJ7, H AL ) 3 128 HEXJE CT
ARG ( Somatom Definition Flash, 5[] FEEyT , f2 [# 1%
IRBHAR) o X LT (PE4E 2, FEH BRI, 60 ~ 90 ml) Z8J5f
FRIKLL 3~5 ml/s PORRBEVEST, SR LRI X £ 30
Uk BE A T W, 24 %% B 3 200 Hounsfield A Ff F
I CT Bk AE . FSEUT A8 H % 100~120 kVp,
LT 320 mAs, HEFERTE] 280 ms,J2/50.625 mm,

1.3 CTA i i & ARG FEshlik CTA $idl
¥ 2 ZHA 10 400 EE3k CTA 2K 5% it
FBHEIBHEA T4 HT At A e B it 2R3 A e R A 8,
PRFFE ¥, H-H HH RadiAnt DICOM Viewer( Medixant 2%
Al U S) AT RS B S5 RIE 1 A H NI
) CTA MR (34 CTA) FH T 43 b B T A5 2 1) 44
L, DTS bR G B O A e K AR R4 XL AD
S B 10 (T, ) B JE T Big 53 SUZ TH Y 3 50
fkE B EAR A ARl BE TR ARAS I R
s & CTA U LA i sk iy & 2 . Ry ok S5 44
FE SR TAD RJGAEE 1A ERY ik T 10 mm | FE
F RIS LT RSN E AR

1.4 BRI SHRYE  Fe 7 30 Lb i I B LA
JEHIRER 7 206 # A BB B ALK 43 S 1 25 4 70 56 4IE
£ T TN K XU 43 J2 A5 R AE I SR 4 h b i, 9 A
FUER T HEATIRUE . E5E, RAH R Logistic [111H4)
ik SR EMXH TR, HARRE
Logistic [IJHH P<0.05 B2 gtk A~ —2, Bl
Je, 8 B /N4 XU 4i 5 3% £ T (least absolute
shrinkage and selection operator, LASSO ) 1 — 2 i 1% 55
LR R R R A A i, B JE, BT B L AR AR
(random forest, RF ) | 32 4 [i] & #/L ( support vector ma-
chine, SVM) Fl XGBoost 512 {fi 1] LASSO i 6 75 2| (1)
7 it R T AR Y

1.5 4tk R SPSS 25.0 R iEH 4.1.2 F
Python 3.7 5¢ UL 1143 BT, BT A 4G 56 2 Sk LA 63z 56
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7N, IR 2 - B4R JE (Man Whitney ) U K3 503647 HLds
Or AR LIRS L (% ) Fe , R e K gt A7
Hee . ML AR f 520 TARARRE 42T T A (area
under the receiver operating characteristic curves, AUC)
PPl P<0.05 2R BAGIER

2 & R

2.1 2 AIERGER AR ABTFEIEAA 156 B K,
el A BE VIR R 4.7 4R )5, B 3E 36 41(23.1% ) B
KRR SR A MR P 5K S S A A DL o3 D T
SKRAL(36 F) AR KA (120 Bil) . PR IKRA G

= e e Q4 = (13 e Y12 TR [ o e | -
TK4L(P<0.01) , A HEFR LR 2 R B H ¥ 2 L (P>
0.05), W51,

2.2 241 CTA BERHER B ikl ok il C B
RERATHE TR/ B2 LU E A AD K #4321
F A kB I AR MR T BRI T 32 o0 kA s
R AE WG B BE oy SUZ T 32 sh ki s R s+
T a4y S T 5 Sl bR AR 1w AR T AR R kA
(P<0.01 3 P<0.05) , AR 4845 b 22 F K G2 &
X (P>0.05), W2,

R YRS AR R R TR AR

Tab.1 Comparison of clinical variables between the re-dilation group and the non-re-dilation group
moH Y KA (n=120) Y 5K (n=36) X/ 718 P1E
BE(%) ] 92(76.7) 31(86.1) 1.481 0.224
AR M(Q,,Q5) , % ] 47.5(41.3,53.0) 45.0(34.5,52.0) 1.900 0.057
B[ M(Q,,0;) ,om] 172.0(168.0,176.0) 175.0(173.3,180.0) 3.600 <0.001
R M(Q,,05) kg ] 80.0(70.0,90.0) 80.0(70.0,86.8) 0.500 0.617
BMI[ M(Q,,Q;) ,kg/m?] 27.0(24.2,29.6) 25.3(23.3,28.2) 1.685 0.092
LR S [ (%) ] 85(70.8) 13(36.1) 14.295 <0.001
W AR 5 T8 (%) ] 58(48.3) 19(52.8) 0.219 0.640
SRR R (%) ] 38(31.7) 11(30.6) 0.016 0.900

F2 TP IRASAETY KA CTA BEBHEE [M(0,,05)]

Tab.2 Comparison of CTA characteristics between the re-dilation group and the non-re-dilation group

moH Y 5K (n=120) Y 5K (n=36) Z 14 P1H
FRATE D B0 (1) 4.0(3.0,5.0) 7.0(5.0,8.8) 6.019 <0.001
e KA A K/ (mm) 4.8(3.3,6.8) 6.6(5.6,8.0) 3.689 <0.001
B4 XL e 2K (mm) 283.4(237.8,303.3) 309.1(288.8,331.5) 4.110 <0.001
7 2 T8 114 3 2l K FL I e R AR (mm)
%10 o2 22.4(19.1,27.9) 23.3(20.7,25.3) 0.084 0.933
M B T 2 T 23.5(20.2,25.8) 23.6(21.3,26.0) 0.284 0.776
o 2T 17.6(15.9,19.8) 18.9(17.7,23.3) 3.309 0.001
X o7 J22 1T 114 2 30k A e R AR (mm)
% 10 a2 30.1(27.3,33.5) 30.9(28.0,34.5) 0.820 0.412
W R T R T 27.8(26.0,30.5) 29.1(27.1,32.6) 2.442 0.015
B X2 20.1(14.9,23.0) 23.6(21.6,26.6) 4.347 <0.001
Xof 7 J2 8T Y S B KL R (em)
% 10 o2 6.0(5.5,6.9) 5.6(4.9,7.2) 0.892 0.373
JE s )2 T 6.1(5.4,6.7) 5.9(5.2,6.4) 1.174 0.241
W X2 4.9(4.3,5.5) 4.9(4.7,6.0) 1.361 0.174
of v 22 1 1) 26 B K B T A ( em?)
2510 KatfE)Z 1 2.3(1.6,3.3) 2.1(1.3,3.2) 0.896 0.370
M B T 2 T 2.5(1.8,2.9) 2.1(1.7,2.6) 1.314 0.189
o 2T 1.7(1.3,2.1) 1.7(1.3,2.1) 0.265 0.791
XeF IO )2 T 32 SR A (em)
%10 o= 9.7(8.6,11.3) 9.9(8.6,10.5) 0.250 0.802
R T R T 8.5(7.6,9.5) 9.1(8.2,9.9) 2.084 0.037
B X2 5.9(4.1,6.9) 7.3(6.7,8.3) 4.794 <0.001
Xof o7 )22 1 1) B B AR B T A (em?)
% 10 o2 5.0(3.9,6.5) 5.4(4.1,6.3) 0.635 0.525
W BT R 4.0(3.3,5.3) 4.6(4.0,5.5) 2.164 0.030
L Z A 1.8(1.1,2.6) 2.6(2.0,3.6) 3.919 <0.001
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2.3 FROEGEEE  ACHEIE BRI 28 AR 1E L
Z Logistic MIAHILA 11 M2 P<0.05, W33, X
11 MBS B A LASSO 1013 | fe & 053 1 5 s
a4 B e IR s B B R SOKE
Bk R L BLAR SR% o0 )2 B s 1 AR ( P<0.05)
WFE4 E 1,

2.4 ML BRI LEffFH LASSO i 5,3 Ff ML 251
P TAY R LA R RF SVM K XGBoost A5 5 75|
AR AUC 235124 1.000( 1.000~ 1.000) ,0.932(0.865 ~
0.984) & 1.000( 1.000 ~1.000) , fif 75 56 1E A v ) 43 571
4 0.865(0.703~0.978) .0.855(0.706 ~0.967) & 0.795

R4 LASSO [m1 UGB Hh A7 ik B HE AR A
Tab.4 Variables selected by LASSO regression and their coeffi-

cients
FFAE E3 7
U -5.185207464
B (em) 0.008988724
1o I -0.302415146
FRAE B0 0.293384736

&3 UK B ks R B AR (mm)
5 0> Z TR (em?)

0.039714582
0.086329755

14 : LASSO BT 13 7% Togistic [IJABIAIH 5] A 11 4B, X 1] )5
FRBAEATISS , TR0 BRSO LASCBIAS Bk, N (Rl 58 X
WOUEHE , AR B AR R B I 128 I H TR 2k 2 I 40 W1,

(0.598~0.936) , W35 . K 2,

F3 YIGEFMERHEE Logistic [MIHEE
Tab.3 Results of univariate Logistic regression analysis in the training set
o H OR(95%CI) SE {8 Wald {1 Py

Bk 1.650(0.511~5.325) 0.598 0.702 0.402
(%) 0.943(0.898~0.990) 0.025 5.635 0.018
B (em) 1.087(1.023~1.156) 0.031 7.187 0.007
i (kg) 0.995(0.967~1.023) 0.014 0.129 0.719
o 1L 9 5 0.222(0.087~0.564) 0.477 9.994 0.002
2 R 5 1.182(0.488~2.863) 0.451 0.137 0.711
I AR 1.163(0.461~2.934) 0.472 0.102 0.750
B A 1 B0 1.771(1.378~2.275) 0.128 19.947 <0.001
e RERATHE 1K/ (mm) 1.139(1.004~1.293) 0.064 4.097 0.043
W XU e 2K FE (mm) 1.014(1.004~1.023) 0.005 8.291 0.004
of N7 J22 T ) 2 Bl kR I e R A% (mm)

% 10 Ma)2 1 0.927(0.823~1.045) 0.061 1.533 0.216

R T R T 0.930(0.823~1.053) 0.063 1.312 0.252

o 2T 1.159(1.011~1.329) 0.070 4.461 0.035
Xof IO J2 T ) = Bl AR e R A% (mm)

5510 HatfE)Z 1 1.015(0.944~1.091) 0.037 0.157 0.692

JE I T2 1 1.125(1.002~1.264) 0.059 3.976 0.046

B X2 1.085(1.015~1.160) 0.034 5.807 0.016
e o7 22 T 1) = Bl K L SR K (em)

%10 o= 0.677(0.441~1.040) 0.219 3.179 0.075

I 2 T 0.787(0.498~1.245) 0.234 1.045 0.307

o 2T 1.081(0.700~1.670) 0.222 0.124 0.725
of i o2 T 1) 6 B K B TR ( em?)

% 10 a2 0.794(0.536~1.175) 0.200 1.332 0.249

JE I 2 T 0.852(0.523~1.390) 0.249 0.410 0.522

o 2T 1.013(0.529~1.941) 0.332 0.002 0.968
b oz JZ T 1) 3 Sl kAR 1 (em)

5510 KatfE)Z 1 1.011(0.837~1.221) 0.096 0.013 0.908

J I 2 T 1.257(0.945~1.671) 0.145 2.469 0.116

B X2 1.371(1.090~1.724) 0.117 7.293 0.007
of IO J2 T ) 2 Sl kAR T (em?)

%10 NMotE)= 1.073(0.872~1.320) 0.106 0.439 0.508

U6 s 2 T 1.279(0.972~1.683) 0.140 3.095 0.079

o 2 1.394(1.065~1.826) 0.138 5.829 0.016
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WA I mZE S log(N) MK ZR ;s B. £ 5-1E RELFH log
(N) ZEALAE AL, ANIRI € I 28 3R 7R 45 R 78 B 1 1] U3 R B0 AR e /s I
Bifi log(N) ZEAL A L AR . B N 3K, 09 R EGZ W e T 0, 843
AR o T B KRBT W e KA S BT AR
1 RN LASSO Sk EA7 728 1 i vt
Fig.1 Variable selection using the least absolute shrinkage and se-
lection operator (LASSO) method

F5 ML IR AUC FRIHE UL Bk 5

Tab.5 The AUC, cut-off value, sensitivity and specificity of the
machine learning model

i) LA AUC WHESE AUC B BURE R
RF 1.000( 1.000~1.000) 0.865(0.703~0.978) 0.638 1.000 1.000
SVM 0.932(0.865~0.984) 0.855(0.706~0.967) 0.441 0.880 0.918
XGBoost  1.000( 1.000~1.000) 0.795(0.598~0.936) 0.830 1.000 1.000

U RFBEALARA, SVM. STHF R AL, AUC. SZIA0H TARFRAE £ T
AR, T S W ZRAET 2, IR IO N A AR BE R 5 BE

RIS

FEARMGE T EH 1 R T 5 rAD TPk R AR
FONEYIMEH) 5 A i, B, 56T 3 Ff ML 51k
P T SRR 3l ML R ER S TR AT AL
J, Hod RF 7E56UESE P R B4, AUC 35 0.865 , X it
B ML A5 REAZ A GRS rAD B3P R 2 Y 5K 1 v
RS AT, T B 00k £ 2 5 B 2 TH e IR P o
Rk2E I

FRUEHNRFF AR B DI BR B & 11, {H 328 35 5% A il 11
AIFFAE AR & rAD A R F 4 (rAAEs ) (U Z AR
FIF 2, Kawahito 2" ICET AR 7T K B, 58 A0 1119
FEAET] 35 PR A vAD SRE M L FH A7, FEATF
e BRAYIE I B30 S e R AR A 111 /N T rAD
TRy ok i FEHE R AR AR D BUR BN A T

T AL MLELE I ZREE T ROC 2k ; B. ML AL 18 il 4 v Y
ROC R ; R BEHLARA, SVM. 3 H5 1 L, XGB.XGBoost.,
2 ML BRIFEYI AR IES H i ROC £k
Fig.2 Receiver operating characteristic (ROC) curve of the ma-

chine learning model in the training and validation sets

B, BETERFSE R, rAD X3 e R B W] T 3
W eAD FEYSRIY R A KR FEABF ST b B 3R
Logistic [71J=17347 % B 73 SCJZ 1T Y 3= 3 Bk L ok
Ao BT R g o SCJZ T Y S 3 Dk e R AR R X
rAD PSR EA BN E X, BREARAE RS, AR WS ik
DN T 2Bl KR 2 T A 4 AR R SR A B
3 SUZ T 8RS S i AR X rAD F47 5K HoAT
I S, HrPRg S T 9 s T B BN T R
BRL, Z R, TE VA rAD FEA7 3R XU I, IR
JH SIS &0 0 22 1T A 3 3l ik 4 B T A IO S
THRRER R,

BEAh , AR TS K B, R &L rAD BT IR 5
7o LT AR AR AR LB R S IS RES LT I
FAK TR MR rAD SR TELL A Bl At g XRG4
ik, e J= B K B ) alOAE A SO P R AR
SN BRI A, B R Y AR T RE AR T LR
BAESFLE SR U5 AARBFTENANTE LA 2 2
W FE RS W2 0 5 PLERG AL, DN IOR BEAT B AT

FEW rAD 83 BUR 7, BETEMT 5 2 2 T
Logistic [11J3 8 UG sy P R0 SR, 33k S B
GO HACPAATBRAG KBS PR 2R, HoARZE— Mt 5 4
AOTIEETY T RERS W] I UL 2ot 5 ARG & |
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ML 7E Il ARSI AY i) 4y e v B d A3, AF5E
fdT P ML 5 i) A (0 A5E 0 BRAS: 1 0  ) D00 12: E k
ABRAL rAD BERARTFE R,

AWETEAAE LT R BRYE . 75, AR ATSE kT A
HLUOD R BRI 2L WT ST, B AS B R X A5/ N LR R A7 A1
Bk, ST RANTEIF R SR 2 haod
1, SRR AT 2P Bk . U ASBIFGE 32 B
N TR CTA Fp5erEfa b, vl BEJCIE: 4z 1l F iR %
TR B SDRS . AR IR 5 AR 2 ) 5
VK | SR AR ) 5 2 A

25 iR ARHF SR ) ML S 2 T rAD T
5K B FHTINASE 0, 7 56 ik 4 rh 3 B HY R A T PR RE
WA ERTE (AD BB ARG EBKE
28 0 52 T A VR PR T i
EE Ek A=A

RS B E S T e e R SRS R B
FESE AT BB R BRI S T 3 S 5
ot IR SO Byt B TR 1S
Sk
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