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[ ABSTRACT] Aim To build a model based on general clinical variables and machine learning method to predict
the risk of in-hospital major adverse events ( MAE) in patients with Stanford a type aortic dissection ( TAAD) after
surgery. Methods A total of 1 641 patients with TAAD who underwent surgical treatment in Beijing Anzhen Hospital

from January 2013 to December 2017 were included in this study.  The individual characteristic variables, clinical signs
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and the first clinical serum markers on admission were collected.  The outcome was defined as in-hospital MAE, including
in-hospital death, new acute heart failure after mezzanine, respiratory failure, nervous system disorders, acute renal
failure, infection, and unplanned secondary chest opening.  The model was constructed after using machine learning to
screen variables.  Receiver operating characteristic curve (ROC) was used to analyze the ability of the model to predict

in-hospital MAE.

new model with the commonly used clinical models to evaluate the improvement effect of the new model in predicting the

Net reclassification index (NRI) and integrated discrimination index (IDI) were used to compare the
prognosis of postoperative TAAD.  Finally, the nomogram was established to predict the risk of MAE in patients after TA-
AD operation. Results The risk prediction model of in-hospital MAE after TAAD operation was determined by using
machine learning screening variables, which consisted of D-dimer, creatine kinase isoenzyme, urea, leukocyte count, age,
abnormal electrocardiogram and operation time.  The area under curve of ROC of in-hospital MAE predicted by the model
was 0. 776 (95%CI 0. 718-0. 734, P<0.001).

was 0. 654 (95%CI 0.540-0.750, P<0.001),

improved the predictive ability for in-hospital MAE after TAAD operation.

Compared with the commonly used clinical models, the NRI of our model

and the IDI was 0.136 (95%CI 0.117-0. 155, P<0.001), which
The model was presented in the form of nomo-
gram, and the score of nomogram model could evaluate the risk of in-hospital MAE after TAAD operation. Conclusions
Based on machine learning, a model is constructed by using clinical variables of patients. ~ The model can comprehensively

evaluate individual characteristic variables, inflammation level, organ damage status and operation status of patients, which
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has predictive value for postoperative in-hospital MAE of patients with TAAD.
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x1. ARABELZERE
Table 1. Baseline data of the study population

i YIZEE(n=1 149) MEAEE (n=492) Py
68787 48.09+11.41 47.27+11.54 0.183
B/ [Hl(%)] 857(74.6) 363(73.8) 0.732
R FEE (kg/m”) 25.73%3.99 25.69=+3. 80 0.855
WA/ [ (% ) ] 530(46.1) 222(45.1) 0.708
RS/ [H(%) ] 55(4.8) 17(3.5) 0.228
BRI S/ [)(% ) ] 59(5.1) 15(3.0) 0.062
EMES/[Hl(%) ] 846(73.6) 342(69.5) 0.087
g IE S/ [ (% ) ] 98(8.5) 45(9.1) 0. 685
B UIRE R/ [ H1(% ) ] 33(2.9) 15(3.0) 0.846
I NLEEBE/ (1% ) ] 24(2.1) 10(2.0) 0.942
F e e g/ [ B(% ) ] 14(1.2) 6(1.2) 0.999
6 ./ mmHg 126+19 125+20 0.313
#F 7% 5/ mmHg 69=+14 69=+14 0.821
FIRBTTE/ [ B (% ) ] 0.642

ZPE(<14 K) 868(75.5) 368(74.8)

Watk(14 RE2 H) 165(14.4) 67(13.6)

B (>2 A) 116(10.1) 57(11.6)
R/ [ B(%) ] 1 068(93.0) 469(95.3) 0.070
IR/ [ (% ) ] 81(7.0) 30(6.1) 0.482
U Bk [ (% ) ] 99(8.6) 38(7.7) 0.549
SHOHRE/HI(%) ] 835(74.9) 345(72.2) 0.258
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iH YIZEE(n=1 149) MEAAE (n=492) Py
/[ (%) ] 40(3.5) 22(4.5) 0.335
Jok P sh % /[ (% ) ] 9(0.8) 7(1.4) 0.227
e IS E % 61.31+7.29 61.87+6.43 0.152
F BT/ cm 4.83+1.99 4.83+1.19 0.985
DLIEZE/ [ Bl(% ) ) 223(19.4) 98(19.9) 0.811
NYHA 0 HIBe 39/ [ (% ) ] 0.426

14 943(82.1) 405(82.3)

T %% 115(10.0) 56(11.4)

% 83(7.2) 30(6.1)

VR 8(0.7) 1(0.2)
BEP MAE/[ (% ) ] 301(26.2) 125(25.4) 0.738
F AT ]/ min 420.00(360.00,480.00) 420.00(360.00,480.00) 0.369
CPB I} ] /min 191.50(163.00,225.00) 190.00(160. 00,229.00) 0.813
= B K BE WA ]/ min 107.00(87.75,131.25) 106.00(83.00,135.00) 0.950
A4 (x10°/1) 10.03(7.26,13.00) 9.81(7.23,13.01) 0.678
HRPERL AT 2 (x10° /1) 7.77(4.92,10.87) 7.72(4.82,10.77) 0.718
NLR 6.26(3.24,11.35) 6.27(3.07,10.66) 0.402
B AL (x10°/1) 0.58(0.40,0.81) 0.57(0.37,0.83) 0.453
LLANMI8 (x10°/L) 4.44(4.09,4.79) 4.47(4.11,4.86) 0.298
MLLEH/ (g/L) 136.00(125.00,147.00) 136.00(123.00,148.00) 0.763
D-T 8K/ (ug/L) 1 142.00(542.75,2 667.50) 1 083.00(463.00,2 638.00) 0.396
NR R = SR8 W/ (U/L) 22.00(15.00,36.00) 23.00(14.00,37.00) 0.345
RAF AN/ (U/L) 23.00(17.00,33.00) 23.00(17.00,32.00) 0. 746
JRZ/ (umol/L) 6.40(5.00,8.00) 6.00(4.73,7.90) 0.258
SRR/ ( wmol/L) 353.85(273. 88 ,444.05) 351.45(268.85,444.75) 0.728
WLET/ ( umol/L) 77.85(65.00,99.00) 79.85(65.33,98.30) 0.605
IMH%/ (mmol /1) 6.70(5.65,7.90) 6.76(5.66,8.01) 0.423
JIURR 18 B[R] T/ ( wg/L) 1.20(0.70,2.60) 1.20(0.70,2.30) 0.048
WS H 1/ (pe/L) 0.02(0.01,0.09) 0.02(0.01,0.09) 0.610

2.2 HEMERTENE

fdi FHIZ AL A1 Hif | Lasso #1 Xgboost = Ff 5 VA TEI|
GRAE R T AR B , 8 Logistic M1 EA 7450
SE LRI AR R (3R 2) . Gl Logistic A1)
PR BRI R AL, o AR AR AL R A&t bRt Ak
PR THPR AN BOE P 25 R A, i R B0 ]
ST 1 S AN [) 25 i X6 45 Jay 52 M) 1 AE AR RN
AR AN ) AR 8 =2 8] H A T Lk 5 PR ket FH b vfE £k [0
IHRBOR LRI TR AR f X7 TAAD B35 Tl /Y 52
KN B A (R 2) .
2.3 MRS HER R ILEE SIEMN

HRAEA AL T TAAD A J5 BE N MAE #2323 i
ROC £k, B HXS T2 BN MAE 19 ROC #i4k T
M FH (area under curve, AUC) W3 3 fin, 458 T
7N R RBEAR TG AR B BE N MAE, #1580 1 /5 AUC
WIHE 0.7 ~0.9 ZIa]; X T 2k B Thpe il | # 1

F2. FRBPHEERMENE

Table 2. The weight of variables in each model

BT rh AR i EN| FEL 2 A 3
B 0.114 — 0. 099
SE o8 A 0.114 — —

D-T Rk 0.180 0.229 0.198
JULTR Vi it ] 1 0.073 0.109 0.100
NLR — — 0.037
PR% 0.115 0.125 0.109
SR LR 0.117 — —

F BNk LR — — 0.033
2 Z A I A3 AL — — 0. 060
FARE 0.263 0.131 0.190
CPB fi}] — 0.152 0.110

VAR 1 B W T Logistic [ A1 2 . Lasso i 96 25 & & F
1T Logistic [E13; #E7Y 3. Xgboost §ifi 625 & J5 #E 4T Logistic [E1H, —:.
RFIAA P AL T I =,
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f) AUC N 0. 818(95% C1 0. 755 ~0. 881) , #5512 fiy
AUC 4 0.774 (95% CI 0. 698 ~0.850) , # 71 3 fY
AUC } 0.802 (95% CI 0.734 ~0.871) , i % 1 {4
AUC P THE8S 2 BEH 3 (P =0.004) , FH 1 F
B N B MAE 9 AUC 2N 0.776 (95% CI 0.718 ~
0.734,P<0.001) , H34E 3 BRI 4 Fl 58 N MAE

AT GE 11 , 45 5 i PR 2R 0 5 I U], 2% 5 A 2
AR RCRE R AR AT ME B BE DL e A i PR S AR
BT SRS TR LA S RE 1T (MR AE AR | JRAE K
P MERRSZHURGLAE ) VAL 28 WU, e PR 1 oA
AR,

& 3. 3 MIRENARER A MAE il i B8 L3R

Table 3. Comparison of the predictive value of three models for postoperative MAE in hospital

AUC(95C1% )

MAE
B 1 BT 2 P 3
BENFET: 0.930(0. 884 ~0.976) 0.900(0. 832 ~0.968) 0.920(0.870 ~0.972)
NI 5 0 0.721(0.578 ~0.863) 0.675(0.520 ~0.830) 0.695(0.535 ~0.855)
SO EEE 0.712(0.515 ~0.910) 0.652(0.444 ~0.862) 0.683(0.467 ~0.900)
P2 RGBT 0.772(0.693 ~0.852) 0.762(0.678 ~0.846) 0.784(0.705 ~0.864)
AN E R 0.818(0.755 ~0.881) 0.774(0.698 ~0.850) 0.802(0.734 ~0.871)
SRR 0.740(0.630 ~0.849) 0.693(0.555 ~0.831) 0.738(0.619 ~0.856)
ZIRITIR 0.738(0.645 ~0.830) 0.715(0.620 ~0.810) 0.721(0.628 ~0.814)
B 4B MAE 0.776(0.718 ~0.734) 0.751(0.690 ~0.812) 0.772(0.712 ~0.831)

2.4 MBRBEIGKE AERLE

XFF TAAD FE RUBS T B PR & FH S A
LT TRAD FF & MIBE I FET - TMASE AL ) e AT
AMRIR 1 5 IRAD B L F NRI A1 IDI 43 Hr
HEAT HO#E, 45 58 7R NRI K 0. 654 (95% CI 0. 540 ~
0.750,P<0.001),IDI 24 0.136 (95% CI 0.117 ~
0.155,P<0.001) , #H%F IRAD THIMABLARL, FRATH
AR AR T T 40 28 1E B 1) B RN A A R BE A
Jrdgim . AT A ARE 1 641 BB DAL LR
1 1 YRR 77. 0% ASTHFN 65.3%

2.5 HBWEGTE5kA MAE BHEXES T

f#iH Logistic M1/ Hr#iAd 1 48 & 5 TAAD
ARIGBEN MAE & AE A SCHE , B R A 4h 2R 1
N RIS BE D-TURAK SR ER | WLIR SO [ TR
HATIE T 5, % S5 a0 B F RS R R
TAAD B35 LB MAE R ; Z R E 40T
gl WL R T AR R R AR R 2 1) A B AR 22 R B RN
(% 4), FATRIEZHE Logistic [BIT2HT KAk Y
1iEAF R EIE R, B2 R AL 43 RE S TEAR
AL TAAD 85 R AERE N MAE XU (181 2) .

= 4. E S EE] Logistic Bl)FFETE R ETHER 1

Table 4. Stepwise forward Logistic regression to screen variables and build the model 1

I LNSE ) ZHER T
OR 95% CI P OR 95% CI P

D- 1A 1.537 1.387 ~1.702 <0. 001 1.261 1.118 ~1.423 <0.001
SEN) AR 2.910 2.051 ~4.128 <0.001 1.673 1.086 ~2.578 0.019
JR% 2.885 2.000 ~4.163 <0.001 1.724 1.146 ~2.593 0.009
JULR PG ) Lt 1.412 1.259 ~1.583 <0. 001 1.129 0.987 ~1.292 0.076
Ei 1.022 1.010 ~1.034 <0.001 1.018 1.004 ~1.032 0.009
FARHT[H] 1.004 1.003 ~ 1. 006 <0.001 1.004 1.003 ~1.005 <0.001
SO L A 1.550 1.121 ~2.143 0. 008 1.622 1.149 ~2.288 0.006
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