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Abstract

Objective: Acute appendicitis is one of the common acute abdominal disease, early recognition
and treatment can effectively reduce the occurrence of complications such as gangrene and
perforation of acute appendicitis. The purpose of this study is to determine the best risk predic-
tion model for adult acute appendicitis in China. Methods: The data of modified Alvarado, AIR,
RIPASA and AAS score data, 269 patients with pathologically confirmed acute appendicitis were
collected retrospectively. To find the predictive value of different scoring models for acute
appendicitis in Chinese adults. Results: A total of 269 patients with suspected appendicitis were
enrolled, with an average age of 38 years old and 156 males (58%). The scores were significant
for the prediction of simple and complex appendicitis (P < 0.01). The modified Alvarado is more
meaningful in evaluating gangrene and perforation of appendicitis (P = 0.001). The neutrophils
is statistically significant in simple appendicitis and suppurative or gangrenous appendicitis (P
= 0.015 and P = 0.001). There were significant differences in CRP between simple appendicitis
and suppurative appendicitis, simple appendicitis and gangrenous/perforated appendicitis, suppu-
rative appendicitis and gangrenous appendicitis (P < 0.002, P < 0.001, P < 0.001). According to
the receiver operating characteristic curve (ROC), it was found that the best score of the modified
Alvarado score for evaluating complex acute appendicitis was 5.5, the sensitivity was 76.3% and
the specificity was 52%. The best cut-off value of AAS score was 11.5, the sensitivity was 92.2%,
and the specificity was 72%. The best score of modified Alvarado score for gangrene/perforated
appendicitis was 6.5, 71.2% and 50.3% respectively. Conclusion: Compared with RIPASA and
AAS scores, modified Alvarado score and AIR score have the best screening performance in
evaluating gangrene and perforation of acute appendicitis. It is more valuable in identifying
patients with acute appendicitis.
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1. 5=

LB R R AL LA — PR SURE , A ERBEAESE 10 JTEE AT 96.5 & 100 N A SR B K,
HLAE G20 8%, K Rl 20 % 40 % [1] [2] [3]. stk b 2 4% i o HE HL = SRR T 40 S B2 0 ME A
ER LR R R, AW EERER  IRARRBUA SRR T B R 2256, 17 bR R DD R AT 98 5 Sk
RRE—LIaIr JiiE[2] [4]. WRA KN FARVIFR, WHex SRS MREAE. MR REIE. 0 G,
AL RGPS, R KA AE i [5].
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REFARZSNEN R PR AEIRIT 777k, (B2 2 — R, R aes B Rm et
b 2 RAZW R L, (H T LR BHIR NGRS R R, TDARAFE SR UL, BRI, — AP S ) T P
IR RE R I8 S Im R TAE . A2/ RHh 4R Alvarado. [ 2 R R 1% [ S ¥4 (The Ap-
pendicitis Inflammatory Response Score, AIR). RIPASA i¥-/;(Raja Isteri Pengiran Anak Saleha Appendicitis
Score, RIPASA) 15 A [ 2 % 43 (Adult Appendicitis Score, AAS)RE RS- 2k i 2 & s G 7 2 B A
—EUE[4], H e R Alvarado P17 Z Gt 1H U7 NAE R R T —FR[6] [7]. 10 2010 SEJF A f) RIPASA
Vo RGeS M AT R RS, IF B OAEZR 7T FITE 7 N AT 1T 2 72 [7] [8]. {5 H Ak = i&
B IR BN S R R A2 A .

RAECAH Z M SR R R TN, (EE = i T b 40 T 37 e A AR R B ME, R AR D
AR A RS AR VT 2 REURIEAT IS G TT « AW AL B TE LU [R] VT 20455 B0 0] A ] R N S 1t Bl
FRTMNAE, BRIV ASE]PE 73 A0 il N vk B e %8 B8 35 02 15 75 AT DR R DIBR R I 1tk g, F-4RIE & 3K
E SR 2 2 B s Koy 200y, RSkl RIS I, BINATT, BRI bR R 2 I RORE IR A 2
18 L TR

2. ARF=*
21 /EREFE

ABEFE PSR 7 i R MY R B F 2019 4F 6 1 H & 2020 4F 12 A 31 H A 1kt Hilm R IR 5E
SR R R IFAT SUIE R R DIBR A (K 2

2.2. PMNFRAE

1) 4 >18 %, <80 %
2) [AIG AR2 W 2t bR R 28 AT 1 B8 V) B R (L 358 T B BB s 5 7 ) LA I 9 BERLAE S A2 B 2 48 1) J8 3

2.3. HiRRARE

1) F# <18 %, >80 ¥;

2) DREEAHSCH: QSIS YRR A8 . DR R BRI o i 2 80 v 3 I B R R RV I R . DR AR N
G WA IR B R R SRR A A

3) GIFHARG: AIEE A KBRS ALE AR T EILK RSN B S RV . R
P9 LA 33t F SRR

4) HAth: [ S A TR BS S HARIE PRAJE I8 n] B 22 50 At 90 45 2R

5) ImRFEEA 21T DUHERR

24. FRURER

T 8 KA R B R T R G USRI S AR PR AE R BT A NLBE I E R R A, K
s a R P AL R GRS Pl A RRIRBARAE: AT D ARSI T 982
Aley MRRLL JEARFFLS W) K, A IR SBbia. WUEE5K. Rovsing’s sign. JREIFATE: Scdt =
Kfr: AU, FPYERINA 4 He . C-J B 2K [ (C-reaction protein, CRP); [ VI B AR A [ 41 239 FE 2446
BERATRAZH. TR EHEUR Alvarado. AIR. RIPASA. AAS 1¥4r.

25. ARG ZE
K FE L NS W U B R 40 A3t 396 11, FF A g NFHERRARAE LT 239 fAi). AR L 0 B AT
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26. ZirEHE

LR SPSS 27.0 HEAT AR 4T, W T MEBERILUE o LUk, 8 B BURMT A RS o A DA B b v 22
Fon, AHRMIEZS A e oRE, LA Rr (00 o S o) BE) FR 4 e LA i, 5 1 RER A
Koy, ARG A i E B %R A Mann-Whitney U K636, 75 SRA t K56, DA P <0.05 #nZE R H
BHRiPFE . ZHELE, T e ebR AR ARREATIE, X T2 E5EERHIESER 5 1
Kruskal-Wallis H f3e 47 L. = 4HIA], 34 A A A2 &k — BT g LL e, SR IR 25 T 58 B bl
W Z M REARRZ B, =4, P < 0.05 #nZE R BA ST %E X, =48 ot s Ll
KIEEHEEERRER BASHEE L. 23 TAEFFIE (the receiver operating curve, ROC) i 6% 7~ 4
K Alvarado ¥4, AIR P45, RIPASA P45, AAS oS5 fatrst il & 2 7 B s W fguste . ek, il
22 T A (Area Under the Curve, AUC) PEAL & P17 155 8 ) 2k Bl 22 48 ™ B R 2 el e 70 . B b A8
JH Graphpad Prism 8 .

3. &R
3.1. MRBENELSFE

AW TSNS 2 4% 1) 396 42 &3, 127 A B E IR HEARHERERR AN (B 1) R LR T
T DI LRFAE, o 59 1t B3 (156 191, 58%) A Zeii m, otk 113 fl(42%), P44 38 %,
FE AT SO 12.2 (9.5~14.6)*10%L, “F¥J CRP 4y 18.2 (1.0~55.8) mg/L. [ 4 (1274 LA 24 1: bl
#(219 B, 81.4%) BN Z WL %515 KRGS A ECIN R : SR Alvarado 7543 7 43 AIR 343 5 4r .RIPASA
PES 7 430 AAS PF43 16 4. PF4r 3 WL 3%

Table 1. Baseline characteristics of patients were studied

1 ARBENELFE

B4 Z58(n = 269) B4 Z58(n = 269)
P (%) IR RS2 5 17 (h)° 25 (20~49)
L 156 (58%) CRP" 18.2 (1.0~55.8)
@ 113 (42%) EEk e 12.2 (9.5~14.6)
R () 38.0 (29.0~54.5) FL 40 7 7% (%)° 32 (11.9%)
iR (C)P 36.7 (36.4~37.1) PR ST (%) 20 (7.4%)
A5 HE R (%) 252 (93.7%) Hh LA i 7 40 b P 83.6 (76.1~88.9)
Bk (%) 194 (72.1%) At AA (%) 50 (18.6%)
JELE 5K (%)° 103 (38.3%) B AA (%) 219 (81.4%)
i T IR PR (%) 188 (69.9%) o K Alvarado 145 ° 7 (5~8)
4 T R (%) 123 (45.7%) AIR -4 ° 5 (4~7)
PR (%) 91 (33.8%) RIPASA ¥4} ° 7 (6~8.5)
LK I (96)? 133 (49.4%) AAS P53 16 (13~19)
R R R A B (B 4 be) 3o P S5l SR o B 850 (U 3 50 0 2 3K
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Figure 1. Flowchart of the inclusion of patients with acute appendicitis

Bl 2REXRBEENNRIZEE
3.2. ZFVESMARRB SRR XA MEREfAT

S22 DR SRR B SR iV DR R R S 0 3, SOk (P = 0.034) LR 5K (P = 0.009) /%1%
JE9R(P = 0.031). H.LMXn:(P = 0.035), AEIRFFLEMS[A](P = 0.014). H4H(P = 0.049). CRP (P <0.001).
W ERLAE i B 43 B (P < 0.001) . %1773 R G0N 52 % M B 8 2% R P4 i Ar 380n F = 2t R Alvarado #4937 (6~8).
AIR ¥4} 6 (5~7). RIPASA 14} 7.5 (6~9)F1 AAS #4) 17 (14~20) (¥ 2).

Table 2. Baseline features of patients with simple appendicitis and complicated appendicitis

F2 BPAMEERSERMRERBERELHHE

RE Bl R & BRMERER Zly? P
P @ 0.100 0.752
% 22 (44%) 91 (41.6%)
5 28 (56%) 128 (58.4%)
() 38.5 (31.0~52.0) 38.0 (29.0~55.0) -0.138 0.890
IR ()P 36.6 (36.4~36.8) 36.7 (36.4~37.1) -1.943 0.052
VERNIR 48 (96%) 204 (93.2%) 0.181 0.671
Sk 30 (60%) 164 (74.9%) 4.486 0.034"
PRIk @ 11 (22%) 92 (42%) 6.897 0.009™
VERNE S 33 (66%) 155 (70.8%) 0.736 0.692
VERN PR A 16 (32%) 107 (48.9%) 4.662 0.031"
Red 8 (16%) 83 (37.9%) 8.721 0.003™
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Continued
LR 18 (36%) 115 (52.5%) 4.440 0.035"
IR R I} 7] 25 (25~72) 25 (18~49) —2.452 0.014"
CRPP® 0.71 (0.50~19.80) 24.18 (4.04~66.94) —4.677 <0.001™
EE e 11.2 (7.7~14.1) 12.4 (9.6~14.7) -1.969 0.049"
SEN VA 3 (16%) 29 (13.3%) 2.063 0.151
PR 2 (4%) 18 (8.2%) 0.529 0.467
Hh kLA L 7T 43 L © 78.9 (66.7~84.4) 84.4 (77.1~89.3) -3.326 <0.001"
M B Alvarado ¥4 ° 5 (4~7) 7 (6~8) —4.168 <0.001™
AIR P43 ° 4 (2~5) 6 (5~7) ~6.466 <0.001"
RIPASA ¥4 ° 5 (3.5~7.5) 7.5 (6~9) -5.225 <0.001"™
AAS ) P 9 (5~13) 17 (14~20) -7.725 <0.001™
SR AR HEAT HAEL PSR Mann-Whitney U 363547 HLAE; "R P < 0.05; "R P <0.01,
Table 3. Efficacy of each group scoring system for predicting complex appendicitis
Fz 3. ZHEWS RGN E Z4 MR E % I EE
¥4 AUC (P 1#) R Rtk B ERME
MK Alvarado ¥4 0.686 (P < 0.0001) 0.763 0.52 55
AIR P53 0.789 (P < 0.0001) 0.758 0.66 45
RIPASA 1/ 0.736 (P < 0.0001) 0.849 0.58 5.75
AAS P45y 0.849 (P < 0.0001) 0.922 0.72 115
% Mann-Whitney U ¥ 563747 L%
10 ROCHIZ \
i 3
Ay Eﬁﬁl;aradoﬁzéj\
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Figure 2. ROC curves for each group scoring system to predict complex appen-
dicitis

2. BEAWFH RS FNE Z M REXR ROC #i%k

Rlth, iE— ROC HiZk/r#r(# 3, 1412), Al WK R Alvarado #-5r AIR 145, RIPASA 145, AAS
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PETETEAL B 24P AA I AUC 43511 0.686, 0.789, 0.736, 0.849. 2t 2 Alvarado 343 AIR 4> RIPASA
T2 K AAS TETEAL B 240 AA IBURYE N 76.3%. 75.8%. 84.9%71 92.2%, 51 H 52%. 66%. 58%
N 72%. FeAE#M{E N 5.5, 4.5, 5.75 f1 11.5. HILAT e B Alvarado ¥4+ AIR ¥4 & AAS P53 X &
FME B R IZW 2B BEME, T AIR X 24P i R R VEN e i

Table 4. Baseline features of patients with non-gangrene/perforated appendicitis and gangrene/perforated appendicitis

= 4. BME/FILMERE R SIME/Z LR E X 8 H R B4

ZE ESRE/ L AA WH/IFE M AA Zl P
) @ 7.794 0.005™
5 108 (53.2%) 48 (72.7%)
i 95 (46.8%) 18 (27.3%)
R () 38 (30~53) 37 (27~56) -0.001 0.999
iR (C)P 36.7 (36.4~37.0) 36.7 (36.3~37.3) -1.061 0.289
T E R ¢ 191 (94.1%) 61 (92.4%) 0.037 0.848
S Bkd © 144 (70.9%) 50 (75.8%) 0.576 0.448
L K # 81 (39.9%) 22 (33.3%) 0.909 0.340
TR ¢ 137 (67.5%) 51 (77.3%) 2.765 0.251
H R R ° 87 (42.9%) 36 (54.5%) 2.742 0.098
e 63 (31.0%) 28 (42.4%) 2.886 0.089
WL 2 97 (47.8%) 36 (54.5%) 0.911 0.340
SRR I ) P 25 (17~49) 25 (25~49) -1.864 0.062
CRP? 10 (0.63~38.75) 44.35 (20.51~123.62) -5.166 <0.001™
EE)k 12.04 (9.19~14.51) 12.71 (10.21~14.62) -0.651 0.515
HMpAR 21 (10.4%) 11 (16.7%) 1.860 0.173
SRR 2 14 (6.9%) 6 (9.1%) 0.348 0.555
HhE K2R L 7 23 L 83.1 (74.1~88.8) 85.4 (80.4~90.5) —2.266 0.023"
2 Alvarado 145 ° 6 (5~8) 7 (6~8) -3.331 0.001"™
AIR ¥4 ° 5 (4~6) 6 (5~7) ~2.785 0.005™
RIPASA 53 ° 7 (5.5~8.5) 7.5 (6~9) -1.576 0.115
AAS T4 ° 16 (12~19) 17 (15~20) -2.607 0.009"
SRH AT HE; PR Mann-Whitney U 363547 L4
Table 5. Scoring systems for each group predicted efficacy of gangrene/perforated appendicitis
e 5. HAWH RGN/ ZF LR E R AR EE
W AUC (P 1#) gt RS AT
MK Alvarado ¥4 0.635 (P < 0.05) 0.712 0.503 6.5
AIR -4y 0.613 (P < 0.05) 0.636 0.520 55
RIPASA 43 0.564 (P > 0.05) 0.333 0.792 8.75
AAS P4 0.607 (P < 0.05) 0.773 0.347 14.5
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(P=0.023)fLL-F- & 45 & L. 24K Alvarado (P = 0.001). AIR (P =0.005). AAS (P = 0.009)%} il & & 75 ¥R
FHEAEREX, JLHEZHNR Alvarado P57

K, 47 ROC HiZk (72 5, I 3) K I, i K Alvarado ¥F4>« AIR P43 EL A AR X 42 K f il 28 R T 45 (0.635;
0.613), i ABIURME (71.2%,; 63.5%) FIKE 514 (50.3%; 52%), %: L, MK Alvarado ¥4 Fi1 AIR P43 76 Tl
DUIAJEL 25 FLAE I 72 9% 7 THT BA AR R i (R P e
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’ ih 28 SR VR
2 K Alvarado ¥4
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Figure 3. The scoring system for each group predicts the ROC curve of
gangrene/perforated appendicitis

3. BEITH RGHUNFE/ZFFLIE R E X8 ROC #iZk

FERAEVE . AR SORJE 22 LPE B R 2, WUEE5K(P = 0.007). CRP ~F¥J{EN(P < 0.001), MR
Alvarado 377+ AIR P48 RIPASA PE53 A1 AAS P73 0 A0 it 1 bRl S8 98 S VB R 2 96 A S B 2 Wi B (3
6).

X1 6 RIS A AR R R RN 2t CRP LA TR 43 O 7E Bl 540 ek B/
ZEFLIE R At — AT P N L LA, R B R P T L 4 B SR R B B 2 L R
RZINZESFRZE, WG P E5 5129 0.015 A1 0.001; {H A& 7E A e P AR/ 5 FL A R 8 98 P20 2 IR) 1) 22 57
A, P AN 0.473. CRP TE AL R e 1 RN BRI/ 5 FLA: bR 9% 22 18] DA S Ao Jie 1 55 AL o L 2 %
Z Az R, WS P {E 777y 0.002. <0.001 1<0.001.

Table 6. Baseline features of patients with simple appendicitis, purulent appendicitis, and complicated appendicitis
F 6. PAMBER. URMEREBRKRERMYEREREEELSFE

ZE BAL P BR] R R A B P B 2 ¢ IR 2 5 Zl ¥ P
e 8.008 0.018"
L 28 (56%) 80 (52.3%) 48 (72.7%)
% 22 (44%) 73 (47.7%) 18 (27.3%)
R () 38.5 (31.0~52.0) 38.0 (29.0~54.0) 37 (27~56) 0.021 0.990
PRI (C)° 36.6 (36.4~36.8)  36.7 (36.5~37.1) 36.7 (36.3~37.3) 4.082 0.130
ZERNICIRT 48 (96%) 143 (93.5%) 61 (92.4%) 0.642 0.725
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S Bk 30 (60%) 114 (74.5%) 50 (75.8%) 4522 0.104
Bk 11 (22%) 70 (45.8%) 22 (33.3%) 9.907 0.007™

VERNE S 33 (66%) 104 (68.0%) 188 (69.9%) 2.995 0.559

TR 16 (32%) 71 (46.4) 36 (54.5%) 5.893 0.053
PN 8 (16%) 55 (35.9%) 28 (42.4%) 9.585 0.008"

LR i 2 18 (36%) 79 (51.6%) 36 (54.5%) 4,596 0.100
R FR e 1] 25 (25~72) 25 (15~49) 25 (25~49) 12.935 0.002™
CRP” 0.71 (0.50~19.80)  13.85 (1.51~46.25)  44.35 (20.51~123.62) 38.354 <0.001"

EE kI 11.2 (7.7~14.1)  12.37 (9.52~14.81) 12.71 (10.21~14.62) 3.893 0.143

SE by 3 (16%) 18 (11.8%) 11 (16.7%) 3.082 0.214

JRE R 2 2 (4%) 12 (7.8%) 6 (9.1%) 1.157 0.561
R ALk 78.9(66.7~84.4)  84.2 (75.9~89.1) 85.35 (80.4~90.5) 13.061 0.001"
2K Alvarado 14y ° 5 (4~7) 7 (5~8) 7 (6~8) 22.575 <0.001™
AIR P53 ° 4 (2~5) 6 (4~7) 6 (5~7) 42.946 <0.001™
RIPASA 43 ° 5 (3.5~7.5) 7.5 (6~8.5) 7.5 (6~9) 27.330 <0.001™
AAS 53 ° 9 (5~13) 17 (14~20) 17 (15~20) 59.950 <0.001™

CRA BB HAT G R Mann-Whitney U A& 56 34T Hi#% .

Mt B Alvarado ¥4 (%5 1 P A 43 %119 0.002 F11<0.001) . AIR $43 (I 2 J5 1 P {8 %)<0.001) . RIPASA
P (S 1) P {E44<0.001) AAS PFor(EEJE 1 P {E3<0.001)7E 54 1t 5 A kM B IR 28 FL A R 2
BRI ZE T 3 (R AR R AR 2 L DR BB 9% 2 R 1) 22 S5 A i35 (P = 0.068, P = 0.863, P = 1.000,
P = 1.000).
4. ¥ig

SRR KR 2SR R 2 —, BIIZWITIRREIT — B2 — ik, THESRES. K
A AR AT IR YR S B AR SRR G 53 HL 5 BOMA R B SR (Wb IR R4 A 55 2 itk Stk
bR 2 IR R, AR ZHUEFERA A, HEMEZE, HYS5 LREmAELER . o HE
17 R R VIR A 5 I U0 B 22 45 A RE AR s W SRR B 2% . AR, AT PRI e AR T B IR
R L= AR A DL AMRIE TG R G K AW . B CT A B B REHE & B2 A& (12 W R
HRMK G, BEMANRREZ TR LK, XATe g LR . Bk, ImKREAETF G
B AT ISR R R, PR R IR R AR, TR T 2 R E S R4t

BIRIGIR VT3 RGELE X 3 B JRE 281G XSS R85 v XU S 7 THIAS 3 7 3GIE[4], X W] Rl B8 A Bt
B, R FRENER . ALERFARFINEESA] [10], (HTEX 7 BLal A5 P R R 98 (kIR JE
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