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Abstract

Objective: Analyze the risk prediction factors of complicated appendicitis and establish a predic-
tive model, by comparing the various blood test indicators of complicated appendicitis and un-
complicated appendicitis. Methods: The patients who underwent appendectomy at the Affiliated
Hospital of Qingdao University from 2014 to 2019 were classified as complicated appendicitis or
uncomplicated appendicitis according to the postoperative pathology. A statistical analysis me-
thod was used to compare the differences in preoperative blood test indexes between the two
groups, and the risk factors for complicated appendicitis were screened out. XGBoost was used to
build the predict model, and SHAP was used to explain the model. Results: A total of 566 samples
of appendectomy were recorded, including 106 complicated appendicitis (complicated group) and
460 uncomplicated appendicitis (uncomplicated group). Compared between the two groups, there
were significant differences in 11 indicators such as white blood cells and neutrophils (p < 0.001).
70% of the total samples are randomly selected as the training set to build the model, and the re-
maining 30% of the samples are used as the validation set to bring the model. The accuracy rate of
the model is 81.2% and the AUC is 0.93. Analysis of the model through SHAP shows that in compli-
cated appendicitis, C-reactive protein (80.93 + 60.32 vs. 13.26 * 23.26, p < 0.001), fibrinogen (4.77
+1.39vs. 3.22 + 0.99, p < 0.001), Neutrophil Count (12.11 + 4.38 vs 7.35 + 4.68, p < 0.001) was sig-
nificantly increased, while the percentage of lymphocytes was significantly decreased (8.91 + 5.08
vs 22.41 * 14.54, p < 0.001). Conclusion: Using blood test results of C-reactive protein and fibrino-
gen as indicators to establish a predictive model can be used to distinguish complicated appendi-
citis from uncomplicated appendicitis before surgery, and is of great significance for different
treatment options according to the severity of appendicitis.
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FELTMER . ik EFR2014FE R 20192 A TH R REWBERITHEVBRAN EE, REAR
JERESRAERERBERRIEEZRERBR . RAGTH 453 R 4L R R B A R B AL IR Fe AR i 2=
5, G ERERERIEREE. [FAXGBoostB AR, I/ FHSHAPXHERHEITHRE. S5 3t
EREETBRARREAIL 666, HpFAMEER1066(F44H), EEFRERER460H(FEERA).

PRAL LR, HF a4, PR RS 11 TR FE R EEER (p < 0.001). FENHHBUSEREZTI70%
TERNSGRERB AR, DLHAR30% AR NRAESE T N, THE SRR % 981.2%, AUCKHO0.93.
BT SHAPKHREAT AT T R BARERERPCRPEH(80.93 + 60.321413.26 + 23.26, p <
0.001). FEEBEEIE(4.77 + 1.39H3.22 £ 0.99, p < 0.001) KR40 (12.11 + 4.38H£7.35 + 4.68,
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1. 51§

SR R RAE R E WEERE, HRAERIRLI 7%~8% [1]. WK EEZr R IR ML B R AR 2%
VR . SVERER MO L. HBERE, SEERE LB ERAE. TR E R
ERAT ) meta 73 HT 2 AR ISR . HUAERIGYT RERS IS FLAE IR T AR (2] [3]. SR, ?ﬂ?ﬁul:ﬁj\ﬁm‘i
FEE AR B R R AT R — Tk -
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FILEF R RIS R B R (4] [5]. SULFN, 0 Sk R R BE A2 A RIGTT EWis
HENAZAL, S5 AT i B 2 8™ TR R i R A 2 I

B> AF W TN C SMIER A WA 25 SO R 5 RENS BT 1A B0 TR o B 1) 7™ AR
FFXF SEB R R IR TIR A€ MdR T, TUMRAR SOAE A T RURIE 58, 54 (6] [7] [8]. ABFAIH
(O 7E T B A R Ak Bl e R S A R A Mk Bl R R MLV SOE IR 7 R 22 57, IR SR 2% 2 Bl R A% v LY A A
T AL, B WX RIRMESIERIRERER, iRIT T RIHEERIHE .

2. 5%

RS SR B EERE 2014 45 2020 45 1 HiZ2 WA 2k E %8, AT B VIR G e g
BT AR), AJGERIERE 2R B .

FEBRFRE: 1) JLE KM, MR E K AT R I N, SR AMEIREE RSN T 14 2
P& 2) BN REBIRBEE AL B 3) R A HA R e s 3 4) ix 3 AN H A IEES
TR 5) AJFEURHEIZ Wy b 2 502 B e i 8

2% Bhangu [9)55 B FL, =25 F & KIREAEGN. Tk, ZEIRE )R A S b 2 #2548
B AR NE R SR R E R AR AR ). JET 1% 5 R 28 AR HpmT B0 bR 2 ik
H, R RIS S . B IR BOGMOR s 115  E DR  2 RE RTAE R R R IR
RO G R E . 7 LEM, R ERIONIE . 7L,

WA IF LT FF & 2 BB RRT 24 /NI IMRALEREE R, 5 A4 2(White Blood Cell
Count, WBC). R4 g 1% (Neutrophil Count, Neut). #kE 411 #(Lymphocyte Count, Lymp). H.4%
4f fg 1+ % (Monocytes Count, Mono). 2 14 K74t ffd 1+ 4 (Eosinophil Count, EOSR). W&l 14 ¥ 44t i v 4
(Basophil Count, BASO). {44141 itd 1 4 Eb (Neutrophilic Granulocyte Percent, Neuper). k41 i 7 43 Eb
(Lymphocyte Percentage, Lymper). %4l /5 43 tt.(Monocytes Percentage, Monper)~ F& & 14 ki 41 i 1 45 Lt
(Eosinophil Percentage, Eosper) W& 8147 41 0 F /7 Lt (Basophil Percentage, Basper). Ifl/Mi T14{(Platelets
Count, plt) Ifl./NMR 5347 5% & (Platelet Distribution Width, pdw) “F-33 Il /MR /A (Mean Platelet Volume, mpv)+
I/ [ A7 (Platelet Hematocrit, pet). C J2 W 2 4 (C-reactive Protein, CRP). £f4E % 4 J5i(Fibrinogen, Fib).
BNHERRALT). BHEERHE(AST). B E prbrE L LLEANR). D- 5% (DDimer). 1 5l(sex). il
(age) LA S SR AR (BMI) -

f§H SPSS 21 Xf P4 [H] & TR AR AT X L, 5 ZE55(P > 0.D)EE AR ¢ K58, XTI ZEAF (P <0.1)
S50 vReEe, THETRERHGYE + i) RN, TR 0 Logistic X &85 I /& K K 22 12E47 70 4T,
P<0.5 RHUEFHGIE L. 1E Python3.6 H1, K XGBoost (Boosting HEAE T SLHL A AR L] 25 2% 2]
FE) [10]LAR R EB R R A B bR, XS TEE. JHEH SHAP [11]0 BB AT AR .

3. &R

A 566 4R BEAINT, He, AEGAMEmER EE 406 N, FAPEREEREH 160 N
1o WHFAEE JAHER T E A4 (36.28 £16.2 tL 4031 £17.97, p=10.014<0.05), PALYER D AGIELE
ZE5£(203/203 E 62/98, p=10.016 <0.05). BMI. H40fE. FFYERIIIEEE 15 TR Z 58 Giit 222 L,
HrEgnpe. FrERgniss 11 THEAR A 5 S 2 R (@ <0.001).
3.1. ByiER

DLRER . AR LR (A0S 17 0EER", TR A AR, R NE RN ROV, BEHLAREE
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IRFEA I 70%1E NI 2R (train) /£ Python3.6 H {5 i} XGboost I 2kt AL S B B - ¥ e 2% %K RN 0.01,
HAFRIEE S 500 Pk, T G IA, W IR RREERN S, FHAT P aSHE N 5, BRFE Y
NUEBERNZREE T 60%MIFEA K AT A AR 80%MIRHIEAE Ny B AR &, LAY (R R4 50 IRTCHeFHIH% 1kt
. WE L2 IENITCY 0.01, BENUMIREARM BB 4, FBHEDURPILEL, BEICIE R . T
WAL, DLHA 30%MIBEAR BN IRIESE (test) FH LLIRAEAR AL . 2241 ROC #hZRIFiHE M4k P (AUC) N
0.93. WIRUEEET AR, HEIZEAUER RN 81.2%. 24 ROC 4k, 5 AUC HA N 0.81. HIk
BINGESMRESH, WAFTEER G, 2] ROC #h4k, 15 AUC HA N 0.89 (K 1),

Table 1. Descriptive statistics of research data

® 1. ARBUEHR MR

Uncomplicated Appendicitis Complicated Appendicitis

n=406 n=160 p value
Sex (F/M) 203/203 62/98 p=0.016<0.05"
age 36.28 + 16.28 4031 +17.97 p=0.014<0.05
BMI 23.07 +£3.62 23.81+3.63 p=0.028<0.05"
WBC 9.78 £ 5.40 14.03 £4.94 p<0.001"
Neut 7.35+4.68 12.11+438 »<0.001"
Mono 0.57£0.32 0.79 £ 0.45 p<0.001"
Lymp 1.84 +3.00 1.14£0.56 p=0.004<0.05"
EOSR 0.08+0.11 0.03 £0.09 p<0.001"
BASO 0.03 +0.02 0.02 +0.02 p=0.102>0.05
Neuper 70.50 + 18.77 84.98 +6.70 p<0.001"
Lymper 22.41 + 14.54 8.91 +5.08 »<0.001"
Monper 6.12+2.34 5.69+2.57 p=0.055>0.05
EOSper 1.15+1.55 0.26+0.72 p<0.001"
BASper 0.30+0.21 0.15+0.12 p<0.001"
plt 230.01 +58.18 216.29 + 62.2 p=0.014<0.05"
pdw 11.95 +2.55 12.03 £2.72 p=0.748>0.05
mpv 10.39 + 1.80 1029 +1.93 p=0.586>0.05
pet 0.34+2.32 0.21+0.06 p=0.483>0.05
CRP 13.26 £23.26 80.93 + 60.32 P2 <0.001"
ALT 23.90 £ 15.63 24.96 £ 16.97 p=0.49>0.05
AST 19.44 £ 8.11 19.11 +9.07 p=0.682>0.05
TBil 18.85+19.18 26.68 +15.11 p<0.001"
INR 1.69 + 8.59 1.12+0.14 p=0.479>0.05
Fib 3.22+0.99 477+1.39 p<0.001"
DDimer 523.11 + 1130.67 1668.35 + 4105.66 P =0.002<0.05"

"p<0.05;" p<0.001,
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Figure 1. ROC curve for train, test and overall sample. Using predic-
tive values for model output

E 1. RERBTUMESINESE . BIESRMEAREALE ROC B
%

3.2. {5/ SHAP sHERREE

NI AL, 7F Python3.6 H & T SHAP [11] [12]% B HEAT 00T, LAKHESE b 56 48 1750
R, BFCWONE SRR E R, RO ERRRMERR, KAEZRERER BB, AR
WRAG RRAEAEERAG ,  RAE ST A R i B A IR R K . 22 TIURFAIE N B S IR 5 SR P AR RE i, 3RO R R AR ST 4
b 2 28 R, Tl 2 PR

higer = lower

base value model output value
0.1416 0.2138  0.3095 0.425 0.5493 0.6677 0.7681 0.8452 0.9 092 09369  0.9607
) ) ((
Neuper = 85.7 Lymper = 9.9 'WBC = 18.04 " BASper = 0.1 'Neu=15.45 | Fib=536 CRP=48.53 Plt=278 ' Lym=179

Figure 2. SHAP force plot for patient No. 48
2. 1RYESE 48 1THIRELLE] SHAP [

3 o T SHAP fHZE, # 17 MRFE(E A )RR ) B S EBEATHE T o e B AT TLUR K -
C /= % £ [ (C-reactive Protein). £f4E 4 1 )i (Fibrinogen). kEL4H iU H 47 kb (Lymphocyte Percentage). H 1%
FL AT B 1T (Neutrophil Count) & FH 47 41 i 7 %3 b (Neutrophilic Granulocyte Percent). FATAI L& E CRP
SRR R B RAIE, BRI, C N EE I (CRPYE M KN R B i K, XAl RE 52026005,
Juml NIE A B CRP A R[13]. MARHIE(EME, SHAP {HEK, BRI KRR ZR ki 28 [ bk . 4F
Yt 1 5 (Fib) Atk L4 i T 2 (Lymp) 73 7002 B8 5 P B EARAE, Hh a4 n R SnE ER S
KA 2, TR E T TG, R AR bR R 28 1R AT BRI S 2 R
4. g

1995 4, Eriksson I Granstron [ 14]#38 T 5¢ T B & AR 57V TT BIBEALN FESESS, 45 R BRIRFIRTT
ORI R AETFARIGTT T LB I ACRE I R A, AR — BLAEF ARV T R, A T RE T I DR A8 1% =R T
1R R RS . Vons S5 [ 15 17EX] B 2 #3677 I 7 O s 7 10 B AR e A AR R R R R %, B4R
TEAR BRI AR, RSN S R B P 3 O T AR A MR DR R AR FH IR IR T IR 5 AR
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Figure 3. Feature importance for XGBoost model. The redder the color, the
higher the true value of the variable
3. XGBoost IREVHIFHEEE M, TRBHURRTEEELS

ANBHE A — AR IE BB G i RIS A 350 930, MM bR R A BB 3 e SO R A4 PR R 45 15]
[16]. TIX 59 B2 X RAR I AN, 2 W AR S % 1 2 48 6 88 2R IS 1R B 2 b R IR
RN E A ETE, FEFEK S CT X1 5 A bR 8 28 H1 W i) SR BE R IR D [17] [18]

DA M SRR B 5 FL oA 32 1R 52 2 o ) 8 A A s R A A AR 2 M ok 2 46 o P P e o SO B[R
ForhT, FRATARINE A R R AR S A Ve R R R AE 4B PRI, C R B AR RS
RAER T WF 2 F(p <0.05), X5HAMZ=H B FAR[17] [19]. #F—SHREE T LUK, C RMNE
FI P4 E )R WREd . Ry, D SRR #ON f 5 0 T 45 R AR O e . bk
S M 7E S 2 B R 28 R PR AR, HR R E T I e SR I A e A, C ROBEER A R A R 1 R 2 T
Jes I R T R, AR IR AR A E I R AR T A AR A, X SRR R I — 1 meta 23 AT AH
BL[207.

SR IS I B L B8 5| EC LR R A A AR (b, SRAiR /D e T e S BUR SR, JEABEXT
SERBATIZA, SRR AR 2 WM. B TR I RIER Z , FRAEZ MAETE S A S AR LR X R,
B B ST 2 MG RAFEE— ik, Bai i HERR X e R 3RA T & — MR IR 9%, A LLRR
BN RIG I S A AR S AR R O R AT . fEARTE L, BAEH XGboost #3717
—NEPIERR X S B S AEE MR K B 2> CART MR RUEE e — S, TR — /Moo K48,
FEIMNTE A DA BRI S 2 B2, kb [ REAGE UE . R, 2 TS 0nT DARR 8 2 r 2 475 900 R 3% 1)
B, IFRENE 74 R R LES % S BRI ARE T AR A9 B iy s A o Ik 5 Ak ST AR B TR AR A NS
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BEATERAUE, 1337 81.2%MIHERIZ .

MK 22 BRI LS 2 ST AL (U1 XGBoost fH22 /I2% . BEHLI )R IN BARAY, N T B IF iR &
ZIAIAH B R RERA TR T Scott SR #E 1 2518 1 Shapely value [ R ¥ TF K ¥ SHAP £5
(https://github.com/slundberg/shap). i &40 &G ANFEAERTALA 5 >3 B 50 H 00 F0 B DTk, AHFRAT 1 B8 fif
FEAE B —ANMRE AR 1 TR0 H 55N AR T 5 SR 7= 2 (0 52 0 DA K 5 el 1) 1 b

XIS W g bR R 28 R AR, R A B I b R 2™ B AR B AT VRS, JERBUHBIIZIE TR [F
I, H TR A B SR BT B TR 24 /NS MBS SR 25 R, T TCIE PRAEAR I (8] S5 R 3 T4, iy vy
VR 3 B 52 AT AR IA 7 1Y 1R B JR2 73 B A [ WL o ASASE 7R iy 75 B2 1 50 A 30 R R T S 36 A I &5
F WA T INCHE R E TR R R, ERZEGIX, RN, S R 4 A 5 A
ZaRDN NS i3 7 b7/ 1 ok A el 7 N O 1 - N D5/ P o o ST TR AR S W

KW TAEAEA R AL, B, AT IRIERESR R A, FATTEER 70 FRBA 40 N 3 B T A I PR
AESE F AR, RIEZ THLSK R A Eg AR E. HIK, B CT FB st i T AW = 2
] 2 78 BRURK FE A A, (F B A L IR 22 2 FLAIE RATH AR IX 4 B 8 28 7™ B AR B ) B B AR A . FE SRR UG IR IR IR
AE RS A T R 2 M B R I E R S W TR FEEMAMRIEA S, MRSl
FVER R EE TR fa, AR R T X O W ok b 28 1 8 g 4T ™ SRR EE T, 6 T A
Wil B, MR BIR AT 550

gr bR, i mE M. C RNEE LAY E A JE S TR B TR, RERS R T FRATX
SISV BRI R A 5 4 S A DR B 4%, %o T AR AR Bl B8 98 7™ AR B R AN R R YR 9T 7 A B 1 S TR,
AR B T4 S I R B AR X BUAE IR ROR AR MU T AT AT T F B A AR AR I 1, X R
B PR R A 78 40 B B A AL S I A, IR BRI T &R

B oW

TR RS I GE TR )0 AT FE SRR S 6 T, TR B PR e 4R o RSS9 £ 0 A 7 s 2
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