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Risk factors and prediction model for acute non-simple appendicitis in children
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[ Abstract | Objective To explore the risk factors of acute non-simple appendicitis in children, and to establish
a prediction model. Methods Retrospective analysis was performed with the clinical data of 582 children with acute
appendicitis who underwent laparoscopic appendectomy and were diagnosed by pathology in our hospital from Jan. 2018
to Dec. 2019. According to the intraoperative findings and pathological types, the patients were divided into non-simple
appendicitis group (382 cases, including suppurative, gangrene and perforation) and simple appendicitis group (200 cases). The
clinical data of the 2 groups were compared and statistically significant variables were used for multivariate logistic regression
analysis to identify risk factors of acute non-simple appendicitis, and finally to establish a logistic regression prediction model.
The performance of the prediction model was assessed by receiver operating characteristic (ROC) curve. Prospective validation
of the prediction model was conducted with 160 patients with acute appendicitis undergoing appendectomy in our hospital from
Jan. to Dec. 2020. Results Of the 582 patients, 382 (65.6%) had non-simple appendicitis. Multivariate logistic regression
analysis demonstrated that white blood cell (WBC) (odds ratio [ OR ] =1.305, 95% confidence interval [ CI] 1.189-1.432,
P<<0.001), neutrophil percentage (NP) (OR=1.046, 95% CI 1.012-1.080, P=0.007), C reactive protein (CRP) (OR=
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1.046, 95% CI 1.010-1.082, P=0.011), and albumin (ALB) (OR=0.973, 95% CI 0.952-0.995, P=0.014) were independent
risk factors for non-simple appendicitis in children. The logistic regression equation based on the 4 factors was logit(P) =
—5.61440.263 X WBC+0.045 X NP+0.045 X CRP—0.027 X ALB. The probability model was P=1/(1+Exp [ —5.614+
0.263 X WBC+0.045 X NP+0.045 X CRP—0.027 X ALB | ). The Hosmer-Lemeshow test indicates that this model has high
fitting degree (P=0.622). The area under curve of the ROC curve for the prediction model was 0.931 (95% CI 0.896-0.957,
P<<0.001), with a sensitivity of 0.830 and a specificity of 0.905. Prospective validation showed that the sensitivity and

specificity of the prediction model were 0.882 and 0.820, respectively. Conclusion Increased white blood cell count,

neutrophil percentage and CRP level, and hypoalbuminemia are independent risk factors for acute non-simple appendicitis in

children. The prediction model based on the above factors has good diagnostic value and can help differentiate between acute

simple and non-simple appendicitis.
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Tab 1 Comparison of clinical data between 2 groups

Characteristic Simple appendicitis V=200 Non-simple appendicitis N=382  Statistic P value
Agelyear, x T 93+2.7 8.5+25 t=3.663 <0.001
Male, n (%) 125 (62.5) 224 (58.6) £ =0.815 0.367
BMI/(kgem ), x*s 18.76£1.54 18.68+1.75 t=-—0.390 0.697
Duration of symptoms/h, M (Q;, O) 20.0 (12.0, 48.0) 50.0 (24.0, 70.0) Z=—6.061 <0.001
WBC/L™', X10%), M (0,, Op) 9.5(7.4,11.3) 16.4 (13.0, 19.7) Z=-—9.598  <0.001
RBC/L ', X10%), M (Q,, Ov) 4.4(4.2,4.7) 4.3 (4.0,4.6) Z=—1.749 0.080
HB/(g*L™ "), M (Q,, Oy) 121.0 (115.0, 128.0) 120.0 (114.0, 129.0) Z=—0.724 0.469
HCT/%, M (Q;, Oy) 36.6 (34.7,38.7) 36.3 (34.4,38.7) Z=—0.638 0.524
PLT/(L ', X10%), M (Q,, Ov) 305.0 (248.5, 336.5) 275.0 (240.0, 343.0) Z=—1.002 0.316
NEUT/L ', X10%), M (Q,, Ov) 6.4 (4.3,9.1) 13.5(10.7, 16.8) Z=-—9.489  <0.001
NP, M (O,, Ov) 0.688 (0.604, 0.808) 0.856 (0.809, 0.892) Z=-—5457  <0.001
Lymphocyte/(L ™", X 10%), M (Q,, Q) 1.9(1.3,2.6) 1.3 (0.9, 1.8) Z=—5457  <0.001
NLR, M (O,, Ov) 3.0(2.0,7.0) 11.0 (6.0, 16.5) Z=-—8.613  <0.001
Monocyte/(L ™', X 10%), M (Q,, Q) 0.6 (0.5, 0.8) 0.9 (0.7, 1.1) Z=—6.594  <0.001
CRP/(mg*L™"), M (0, Ov) 10.2 (1.9, 23.6) 49.0 (19.9, 109.4) Z=-—9.044  <0.001
ALB/(g*L™"), M (O, Ov) 43.2 (40.9,45.9) 41.9 (39.6,44.3) Z=—=2.727 0.006
CRP/ALB ratio (X 10 %), M (Q,, Q) 0.25(0.05, 0.52) 1.17 (0.49, 2.60) Z=—8.906  <0.001
Serum sodium/(mmol-L "), M (Q,, O,) 140.5 (137.9, 142.1) 137.7 (135.7,139.4) Z=—6.664  <<0.001
TB/(umol-L "), M (Q,, Ov) 12.6 (9.8, 17.0) 15.3(12.2,20.0) Z=—3.645 <0.001
ALT/(U-L™"), M (Q,, Ov) 26.0 (18.5, 31.0) 24.0 (19.0, 30.0) Z=—1.385 0.166
AST/(U-L™ "), M (Q,, Oy) 25.0(21.0, 30.0) 24.0 (19.0, 27.0) Z=-—2.357 0.018
Fibrinogen/(g=L "), M (Q,, O,) 2.3(2.1,2.8) 2.8(2.4,3.2) Z=-—6.216  <0.001
Fever (=38.5 'C), n (%) 58 (29.0) 148 (38.7) £ =15.450 0.002
Vomiting, 7 (%) 53 (26.5) 162 (42.4) £ =3.454 <<0.001
Bloating, 1 (%) 7(3.5) 13 (3.4) £ =0.004 0.951
Diarrhea, n (%) 15 (7.5) 40 (10.5) £=1354 0.245
Rebound pain, 7 (%) 41 (20.5) 123 (32.2) £ =8.877 0.003

BMI: Body mass index; WBC: White blood cell; RBC: Red blood cell; HB: Hemoglobin; HCT: Hematocrit; PLT: Platelet;
NEUT: Neutrophil; NP: Neutrophil percentage; NLR: Neutrophil to lymphocyte ratio; CRP: C reactive protein; ALB: Albumin; TB:
Total bilirubin; ALT: Alanine transaminase; AST: Aspartate transaminase; M (Q,, O,): Median (lower quartile, upper quartile).
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Tab 2 Multivariate logistic regression analysis of influencing factors of acute non-simple appendicitis in children

P<<0.05) ., W2,

Variable b SE Wald dr OR (95% CI) P value

WBC 0.263 0.048 31.340 1 1.305 (1.189, 1.432) <<0.001
NP 0.045 0.017 7.272 1 1.046 (1.012, 1.080) 0.007
CRP 0.045 0.018 6.519 1 1.046 (1.010, 1.082) 0.011
ALB —0.027 0.011 5.986 1 0.973 (0.952, 0.995) 0.014
Constant —5.614 3.003 3.494 1 1.069 0.046

WBC: White blood cell; NP: Neutrophil percentage; CRP: C reactive protein; ALB: Albumin; b: Regression coefficient; SE:
Standard error; df: Degree of freedom; OR: Odds ratio; CI: Confidence interval.
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ROC: Receiver operating characteristic.
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Tab 3 Retrospective review of diagnostic value of prediction model for acute non-simple appendicitis in children

Pathology diagnosis,

Prediction result Sensitivity ~ Specificity Accuracy PPV~ NPV

Non-simple appendicitis ~ Simple appendicitis
Non-simple appendicitis 317 19 0.830 0.905 0.856  0.943 0.736

Simple appendicitis 65 181

PPV: Positive predictive value; NPV: Negative predictive value.
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Tab 4 Prospective review of diagnostic value of prediction model for non-simple appendicitis in children

Pathology diagnosis, n

Prediction result - — - —— Sensitivity  Specificity Accuracy PPV~ NPV
Non-simple appendicitis ~ Simple appendicitis
Non-simple appendicitis 97 9 0.882 0.820 0.862 0.915 0.759
Simple appendicitis 13 41

PPV: Positive predictive value; NPV: Negative predictive value.
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