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Nomogram prediction model
for length of hospital stay
following laparoscopic
appendectomy in pediatric
patients: a retrospective study
Ming Liu, Ping Yang*, Yunpeng Gou, Qiang Chen and Dong Xu

Department of Pediatric Surgery, Suining Central Hospital, Suining, Sichuan Province, China
Objective: The aim of this research was to develop and internally validate a
nomogram for forecasting the length of hospital stay following laparoscopic
appendectomy in pediatric patients diagnosed with appendicitis.
Methods: We developed a prediction model based on a training dataset of 415
pediatric patients with appendicitis, and hospitalization data were collected
retrospectively from January 2021 and December 2022. The primary outcome
measure in this study was hospital length of stay (LOS), with prolonged LOS
defined as admission for a duration equal to or exceeding the 75th percentile
of LOS, including the discharge day. Risk factor analysis was conducted
through univariate and multivariate logistic regression analyses. Based on the
regression coefficients, a nomogram prediction model was developed.
The discriminative performance of the predicting model was evaluated using
the C-index, and an adjusted C-index was computed through bootstrapping
validation. Calibration curves were generated to assess the accuracy of the
nomogram. Decision curve analysis was conducted to determine the clinical
utility of the predicting model.
Results: Predictors contained in the prediction nomogram included Age,
neutrophil-to-lymphocyte ratio, C-reactive protein level, operative time,
appendiceal fecalith, and drainage tube. The C-index of the prediction
nomogram was determined to be 0.873 (95% CI: 0.838–0.908), with a corrected
C-index of 0.8625 obtained through bootstrapping validation (1,000 resamples),
indicating the model’s favorable discrimination. Calibration curves illustrated a
strong agreement between predicted and observed outcomes. According to the
decision curve analysis of the nomogram, the predictive model demonstrates a
net benefit at threshold probabilities exceeding 2%.
Conclusion: This nomogram, incorporating variables such as Age, neutrophil-
to-lymphocyte ratio, C-reactive protein level, operative time, appendiceal
fecalith, and drainage tube, offers a convenient method for assessing the
duration of hospitalization in pediatric patients with appendicitis.
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1 Introduction

Acute appendicitis is a prevalent acute abdominal disease in

children, with an estimated annual incidence of 83 per 100,000

individuals (1). Currently, laparoscopic appendectomy is the

primary treatment method for acute appendicitis in children due

to its rapid recovery time and reduced postoperative pain (2–5).

Complicated appendicitis, characterized by gangrene and

perforation, is associated with prolonged hospital stays, increased

costs, higher rates of complications, and a poorer overall prognosis

compared to uncomplicated cases of appendicitis (6–9).

Extended hospital stays impose additional strain on pediatric

patients and their families and are associated with escalated

healthcare expenses and utilization of medical resources.

Furthermore, the duration of hospitalization serves as a significant

indicator of resource consumption (10); predicting hospital stay

length is crucial for optimizing resource allocation.

In recent years, several scoring systems have been developed for

pediatric appendicitis, including the widely used Alvarado scores

and Pediatric Appendicitis (PAS) scores (11, 12). However, these

models primarily focus on diagnosis rather than predicting the

length of stay (LOS). Previous studies (13–17) have shown that

LOS in pediatric appendicitis is influenced by various factors,

such as operative time, preoperative inflammatory markers,

duration of symptoms, patient age, and interleukin-6 (IL-6).

Despite this, most existing research has analyzed these predictors

individually rather than integrating them into a comprehensive

model. Furthermore, current predictive tools are predominantly

based on Western populations, which may limit their

applicability to Chinese pediatric patients. To address this gap,

this study aimed to develop and validate a comprehensive

nomogram that incorporates multiple variables to predict LOS in

Chinese pediatric patients, thereby optimizing clinical decision-

making and resource allocation.
2 Materials and methods

2.1 Patient selection

Research approval was obtained from the Ethics Committee of

Suining Central Hospital. This is a retrospective study, and we

collected information on children with appendicitis in the

Department of Pediatric Surgery at Suining Central Hospital

between January 2021 and December 2022.

The inclusion criteria for this study were as follows: individuals

under the age of 18, of both sexes, with complete clinical data;

all participants underwent laparoscopic appendectomy; and

pathological examination confirmed acute appendicitis.

The exclusion criteria for this study are as follows: 1. congestive

appendicitis confirmed by pathological examination; 2. negative

appendectomy (normal appendix); 3. periappendiceal abscess

(primarily managed conservatively with initial anti-infection or

drainage treatment and subsequent laparoscopic appendectomy);

4. presence of other specific infectious diseases, such as lung infection;

5. during intraoperative exploration, various pathologies were
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identified including Merkel diverticulum, cholecystitis, pancreatitis,

volvulus, oophoritis, adnexal torsion, torsion of ovarian cyst pedicle,

rupture of corpus luteum cyst, acute pelvic inflammatory disease, and

other conditions; 6. prior use of antibiotics or other medications

before admission; 7. presence of concomitant blood system diseases,

endocrine system diseases, or other severe medical conditions.

Acute appendicitis is classified into two categories: uncomplicated

and complicated. Uncomplicated appendicitis refers to localized

inflammation of the appendix without necrosis or perforation,

whereas complicated appendicitis is defined by necrosis affecting

part or all of the appendiceal wall, which may progress to

perforation (18). According to the inclusion and exclusion criteria

of this study, uncomplicated appendicitis corresponds to cases

of suppurative appendicitis, while complicated appendicitis

encompasses cases of gangrenous and perforated appendicitis.
2.2 Observation indicators

The primary outcome measure in this study was LOS, with

prolonged LOS defined as admission for a duration equal to or

exceeding the 75th percentile of LOS, including the discharge day

(10, 19, 20). Additionally, data on patient demographics such as

gender, age, height, weight, body mass index (BMI), onset time

(from symptom onset to hospital admission), history of fever

(>37.5°C before admission), symptoms of emesis, diarrhea,

peritoneal irritation, temperature, laboratory indexes upon

admission, presence of appendiceal fecalith, drainage tube

placement, and other relevant characteristics were collected. The

presence of appendiceal fecalith was determined through multiple

diagnostic modalities: preoperative imaging (CT/ultrasound),

intraoperative findings, and pathological examination. A case was

considered positive for fecalith if any of these methods confirmed

its presence. Intraoperative drain placement was determined based

on the following criteria: gangrenous or perforated appendicitis,

significant purulent peritoneal fluid, extensive peritoneal adhesions,

significant bleeding, or difficult dissection. All drains were surgical

drains placed during the appendectomy procedure and were

removed when drainage output was minimal and clear.
2.3 Statistical analysis

All statistical analyses were conducted using Empower software

(version 4.2; http://www.empowerstats.com) and R software

(version 4.4.0; https://www.R-project.org). The data in this study

exhibited non-normal distribution, thus the Mann-Whitney U

test (for two groups) and Kruskal-Wallis test (for three groups)

were utilized for continuous variables, with results reported as

median (interquartile range). Categorical variables were presented

as frequencies (percentages) and analyzed using the chi-square

test. Baseline characteristics were analyzed not only by LOS

groups but also according to the histological subtypes of acute

appendicitis (i.e., suppurative, gangrenous, and perforated).

Risk factor analysis was conducted through univariate and

multivariate logistic regression analyses. Factors found to be
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TABLE 1 Baseline characteristics of participants between two groups.

Normal LOS (<9
days; n = 290)

Prolonged
LOS (≥9 days;

n= 125)

p-value

Gender 0.953
Female 85 (29.31%) 37 (29.60%)

Male 205 (70.69%) 88 (70.40%)

Age (years) 8.00 (6.00–11.00) 6.00 (4.00–10.00) <0.001

Height (cm) 133.00 (118.00–150.00) 122.00 (106.00–142.00) <0.001

Weight (kg) 29.05 (21.57–41.00) 23.30 (17.50–35.80) <0.001

BMI (Kg/m2) 16.38 (14.88–18.91) 15.87 (14.79–18.14) 0.215

Onset time (hours) 24.00 (11.25–24.00) 48.00 (24.00–72.00) <0.001

History of fever <0.001
No 198 (68.28%) 53 (42.40%)

Yes 92 (31.72%) 72 (57.60%)

Emesis 0.525
No 114 (39.31%) 45 (36.00%)

Yes 176 (60.69%) 80 (64.00%)

Diarrhea 0.101
No 273 (94.14%) 112 (89.60%)

Yes 17 (5.86%) 13 (10.40%)

Peritoneal

irritation

<0.001

No 70 (24.14%) 11 (8.80%)

Yes 220 (75.86%) 114 (91.20%)

Temperature
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statistically significant in the univariate analysis (p < 0.05) were

further analyzed using the forward stepwise regression method to

determine their inclusion in the final multivariable logistic

regression model. Characteristics were presented as odds ratios

(OR) with corresponding 95% confidence intervals (CI) and

p-values. A two-sided significance level was used for all statistical tests.

A nomogram predictionmodel for prolonged LOS was developed

using independent variables identified through multivariate logistic

regression analyses. The discriminative performance of the logistic

regression model was evaluated using Harrell’s C-index with a 95%

confidence interval, and an adjusted C-index was computed

through bootstrapping validation with 1,000 resamples. Calibration

curves were generated to assess the accuracy of the nomogram.

Goodness-of-fit of the model was evaluated by Hosmer-Lemeshow

test. Additionally, a decision curve analysis was conducted to

determine the clinical utility of the nomogram by quantifying net

benefits at various threshold probabilities. The net benefit was

determined by subtracting the false positive rate from the true

positive rate while also considering the relative harm of omitting

interventions vs. the adverse effects of unnecessary interventions.

To assess the economic burden linked to prolonged LOS, we

performed a cost analysis comparing medical expenses between the

normal LOS and prolonged LOS groups. The analyzed cost categories

included total hospitalization costs, anesthesia costs, surgery costs,

and drug costs. All costs were presented in Chinese Yuan (CNY).
(>37.5°C)
No 250 (86.21%) 98 (78.40%) 0.047

Yes 40 (13.79%) 27 (21.60%)

WBC (×109/L) 15.35 (11.90–18.20) 17.20 (13.60–21.80) <0.001

Neutrophil count
(×109/L)

12.54 (9.26–15.41) 14.72 (10.69–18.46) <0.001

Neutrophil
ratio (%)

82.60 (76.20–87.77) 84.80 (78.40–89.20) 0.057

Lymphocyte
count (×109/L)

1.52 (1.07–2.15) 1.51 (0.91–2.17) 0.452

Lymphocyte
ratio (%)

10.70 (6.82–16.05) 8.40 (5.40–14.30) 0.006

NLR 7.72 (4.82–12.88) 10.10 (5.48–16.09) 0.009

RBC (×109/L) 4.54 (4.30–4.81) 4.59 (4.29–4.81) 0.906

Hemoglobin (g/L) 126.00 (120.00–132.75) 123.00 (116.00–130.00) 0.003

Platelet (×109/L) 281.50 (231.00–331.00) 308.00 (254.00–375.00) 0.002

CRP (mg/L) 4.79 (0.00–29.67) 68.28 (18.94–123.10) <0.001

ALT (U/L) 13.00 (10.70–17.00) 11.60 (9.10–16.60) 0.011

AST (U/L) 26.05 (22.00–30.00) 25.50 (20.00–30.10) 0.296

Direct bilirubin
(umol/L)

2.90 (2.00–4.00) 2.80 (2.00–4.70) 0.431

Indirect bilirubin
(umol/L)

6.70 (4.40–9.85) 6.10 (3.90–8.50) 0.301

Albumin (g/L) 47.20 (44.45–49.60) 44.00 (40.70–47.10) <0.001

Operative time
(minutes)

45.00 (40.00–55.00) 65.00 (55.00–85.00) <0.001

Appendiceal

fecalith

<0.001

No 171 (58.97%) 31 (24.80%)

Yes 119 (41.03%) 94 (75.20%)

Drainage tube <0.001
No 175 (60.34%) 13 (10.40%)

Yes 115 (39.66%) 112 (89.60%)

BMI, body mass index; WBC, white cell count; NLR, neutrophil-to-lymphocyte ratio; RBC, red

blood cell; CRP, c-reactive protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
3 Results

3.1 Patients’ characteristics

The study included a cohort of 415 pediatric patients diagnosed

with acute appendicitis, comprising 122 females (29.40%) and

293 males (70.60%). Based on intraoperative findings and

postoperative pathological analysis, the cohort consisted of 249

cases of acute suppurative appendicitis (60%), 64 cases of acute

gangrenous appendicitis (15.42%), and 102 cases of acute perforated

appendicitis (24.58%). Furthermore, the median LOS was recorded

as 7 days, with the 25th and 75th percentiles being 6 and 9 days,

respectively. Consequently, extended hospital stays were classified as

exceeding 9 days. Children were categorized into either the normal

LOS group or the prolonged LOS group based on whether their LOS

was <9 days or ≥9 days, respectively. Table 1 presents the

demographic and clinical data for both groups of patients.

When further analyzing the characteristics among different

histological subtypes (Table 2), significant differences were identified

across the three groups. The LOS demonstrated a progressive

increase from suppurative (7.00 days, IQR: 6.00–7.00) to gangrenous

(8.00 days, IQR: 7.00–9.00) and perforated appendicitis (9.00 days,

IQR: 8.00–12.00) (p < 0.001). Patients with perforated appendicitis

were younger, had a longer onset time, and exhibited elevated

inflammatory markers, including WBC, CRP, and NLR, compared

to the suppurative and gangrenous groups (all p < 0.05). Appendiceal

fecalith (80.39%) and the requirement for drainage tube placement

(90.20%) were most frequent in perforated appendicitis, and

operative time was the longest (median: 60.00 min, p < 0.001).
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TABLE 2 Baseline characteristics of participants among histological subtypes of acute appendicitis.

Suppurative AA
(n= 249)

Gangrenous AA
(n = 64)

Perforated AA
(n = 102)

p-value

LOS (days) 7.00 (6.00–7.00) 8.00 (7.00–9.00) 9.00 (8.00–12.00) <0.001

Gender 0.355
Female 73 (29.32%) 23 (35.94%) 26 (25.49%)

Male 176 (70.68%) 41 (64.06%) 76 (74.51%)

Age (years) 8.00 (6.00–11.00) 7.00 (4.00–11.00) 6.00 (4.00–9.75) 0.001

Height (cm) 135.00 (120.00–150.00) 127.50 (110.00–148.00) 120.00 (105.00–140.00) <0.001

Weight (kg) 30.60 (22.00–41.30) 25.20 (18.82–38.25) 22.90 (17.50–32.88) <0.001

BMI (kg/m2) 16.52 (14.96–19.23) 16.21 (14.88–18.29) 15.65 (14.56–17.59) 0.021

Onset time (hours) 20.00 (10.00–24.00) 24.00 (24.00–48.00) 48.00 (24.00–48.00) <0.001

History of fever <0.001
No 190 (76.31%) 30 (46.88%) 31 (30.39%)

Yes 59 (23.69%) 34 (53.12%) 71 (69.61%)

Emesis 0.175
No 104 (41.77%) 23 (35.94%) 32 (31.37%)

Yes 145 (58.23%) 41 (64.06%) 70 (68.63%)

Diarrhea 0.928
No 232 (93.17%) 59 (92.19%) 94 (92.16%)

Yes 17 (6.83%) 5 (7.81%) 8 (7.84%)

Peritoneal irritation <0.001
No 66 (26.51%) 7 (10.94%) 8 (7.84%)

Yes 183 (73.49%) 57 (89.06%) 94 (92.16%)

Temperature (>37.5°C) <0.001
No 228 (91.57%) 52 (81.25%) 68 (66.67%)

Yes 21 (8.43%) 12 (18.75%) 34 (33.33%)

WBC (×109/L) 14.80 (11.70–18.00) 17.50 (14.65–22.05) 16.65 (12.80–20.38) <0.001

Neutrophil count (×109/L) 12.12 (8.84–15.16) 15.03 (11.52–18.85) 14.08 (10.46–17.51) <0.001

Neutrophil ratio (%) 81.60 (74.80–87.40) 84.60 (79.97–88.43) 85.05 (80.60–89.55) 0.002

Lymphocyte count (×109/L) 1.57 (1.09–2.22) 1.66 (1.05–2.11) 1.28 (0.83–2.01) 0.037

Lymphocyte ratio (%) 11.10 (6.80–16.80) 9.20 (6.02–13.50) 8.30 (5.62–11.65) <0.001

NLR 7.41 (4.46–12.84) 9.28 (5.93–14.42) 10.47 (7.11–15.13) 0.001

RBC (×109/L) 4.55 (4.32–4.79) 4.50 (4.23–4.86) 4.59 (4.29–4.84) 0.929

Hemoglobin (g/L) 126.00 (119.00–132.00) 124.00 (117.00–131.25) 124.50 (118.25–132.00) 0.352

Platelet (×109/L) 281.00 (231.00–337.00) 287.50 (246.50–336.25) 306.50 (252.50–370.75) 0.020

CRP (mg/L) 3.03 (0.00–16.60) 41.88 (13.70–82.08) 59.40 (32.35–120.41) <0.001

ALT (U/L) 13.20 (11.00–17.90) 11.85 (10.00–17.00) 11.00 (9.00–14.88) <0.001

AST (U/L) 26.00 (21.80–30.00) 25.95 (21.10–32.00) 25.90 (21.00–28.90) 0.699

Direct bilirubin (umol/L) 2.70 (1.90–3.70) 3.20 (2.48–4.95) 3.40 (2.00–5.02) <0.001

Indirect bilirubin (umol/L) 5.90 (4.00–8.50) 7.10 (5.40–10.70) 7.40 (4.25–10.40) 0.009

Albumin (g/L) 47.30 (44.60–49.70) 46.55 (42.48–48.52) 43.95 (41.32–46.50) <0.001

Operative time (minutes) 45.00 (35.00–55.00) 55.00 (40.00–66.25) 60.00 (50.00–85.00) <0.001

Appendiceal fecalith <0.001
No 161 (64.66%) 21 (32.81%) 20 (19.61%)

Yes 88 (35.34%) 43 (67.19%) 82 (80.39%)

Drainage tube <0.001
No 162 (65.06%) 16 (25.00%) 10 (9.80%)

Yes 87 (34.94%) 48 (75.00%) 92 (90.20%)

AA, acute appendicitis; LOS, length of stay; BMI, body mass index; WBC, white cell count; NLR, neutrophil-to-lymphocyte ratio; RBC, red blood cell; CRP, c-reactive protein; ALT, alanine

aminotransferase; AST, aspartate aminotransferase.
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Of the 415 participants, 164 underwent postoperative

microbiological cultures, with positive results identified in 71

cases. The most frequently isolated pathogens were E. coli

(n = 47) and Pseudomonas aeruginosa (n = 14). Participants in

the prolonged LOS group exhibited a higher rate of positive

cultures (45/125, 36%) compared to those in the normal LOS

group (26/290, 9%).
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3.2 Univariate and multivariate logistic
regression analysis

Prolonged LOS served as the dependent variable throughout our

analyses. Variables potentially correlated with prolonged LOS were

identified through univariate analyses. Factors such as age, onset time,

history of fever, peritoneal irritation, temperature (>37.5°C), white
frontiersin.org
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TABLE 4 Multivariable logistic regression analysis of risk factors for
prolonged LOS.

OR (95%CI) p-value
Age (years) 0.88 (0.81, 0.95) 0.0019

NLR 1.06 (1.02, 1.10) 0.0032

CRP (mg/L) 1.01 (1.01, 1.02) <0.0001

Operative time (minutes) 1.02 (1.01, 1.04) 0.0002

Appendiceal fecalith 1.84 (1.03, 3.27) 0.0384

Drainage tube 4.11 (2.00, 8.45) 0.0001

The table presents results from the final multivariable logistic regression analysis, with

prolonged LOS as the dependent variable. Variables included in the model were those

found to be statistically significant (p < 0.05) in univariate analyses and retained after
forward stepwise regression. Results are presented as adjusted OR with 95% CI and

corresponding p-values.

LOS, length of stay; OR, odds ratio; CI, confidence interval; NLR, neutrophil-to-lymphocyte

Liu et al. 10.3389/fped.2024.1441263
blood cell count (WBC), neutrophil count (neutrophil percentage in the

total WBC), lymphocyte ratio (lymphocyte percentage in the total

WBC), neutrophil-to-lymphocyte ratio (NLR), hemoglobin, platelet

count, C-reactive protein level (CRP), albumin level, operative time,

presence of appendiceal fecalith, and use of a drainage tube were

found to be closely associated with prolonged LOS. Variables that

were found to be statistically significant in the univariate analysis were

included in the multivariate logistic regression, and some variables

were removed using the forward stepwise regression approach. The

final analysis revealed that age, NLR, CRP, operative time,

appendiceal fecalith, and drainage tube were identified as

independent risk factors for prolonged LOS. Further information can

be found in Table 3 and Table 4.

ratio; CRP, c-reactive protein.
3.3 The development of a predictive model

Utilizing the independent predictors identified through

multivariate logistic regression analysis, we developed an

individualized nomogram prediction model for prolonged LOS,

as depicted in Figure 1.
3.4 Discrimination and calibration

The C-index of the prediction nomogram was determined to be

0.873 (95% CI: 0.838–0.908), with a corrected C-index of 0.8625
TABLE 3 Univariable analyses of variables.

OR (95%CI) p-value
Gender(male) 0.99 (0.62, 1.56) 0.9526

Age (years) 0.87 (0.82, 0.93) <0.0001

BMI 0.99 (0.93, 1.06) 0.7667

Onset time (hours) 1.03 (1.02, 1.04) <0.0001

History of fever 2.92 (1.90, 4.51) <0.0001

Emesis 1.15 (0.75, 1.78) 0.5247

Diarrhea 1.86 (0.88, 3.97) 0.1059

Peritoneal irritation 3.30 (1.68, 6.47) 0.0005

Temperature (>37.5°C) 1.72 (1.00, 2.96) 0.0490

WBC (×109/L) 1.08 (1.04, 1.13) <0.0001

Neutrophil count (×109/L) 1.08 (1.04, 1.13) 0.0001

Neutrophil ratio (%) 1.02 (0.99, 1.04) 0.1281

Lymphocyte count (×109/L) 0.99 (0.78, 1.25) 0.9299

Lymphocyte ratio (%) 0.97 (0.94, 1.00) 0.0223

NLR 1.04 (1.01, 1.07) 0.0046

RBC (×109/L) 1.01 (0.62, 1.64) 0.9743

Hemoglobin (g/L) 0.98 (0.96, 0.99) 0.0052

Platelet (×109/L) 1.00 (1.00, 1.01) 0.0004

CRP (mg/L) 1.02 (1.02, 1.03) <0.0001

ALT (U/L) 0.99 (0.97, 1.01) 0.5260

AST (U/L) 1.00 (0.98, 1.03) 0.6910

Direct bilirubin (umol/L) 1.08 (0.99, 1.18) 0.0897

Indirect bilirubin (umol/L) 1.00 (0.95, 1.04) 0.8304

Albumin (g/L) 0.85 (0.81, 0.90) <0.0001

Operative time (minutes) 1.04 (1.03, 1.06) <0.0001

Appendiceal fecalith 4.36 (2.73, 6.96) <0.0001

Drainage tube 13.11 (7.05, 24.39) <0.0001

OR, odds ratio; CI, confidence interval; BMI, body mass index; WBC, white cell count; NLR,

neutrophil-to-lymphocyte ratio; RBC, red blood cell; CRP, c-reactive protein; ALT, alanine

aminotransferase; AST, aspartate aminotransferase.
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obtained through bootstrapping validation (1,000 resamples),

indicating the model’s favorable discrimination. Additionally, the

Hosmer-Lemeshow fit goodness test χ2 = 4.7598, p = 0.7829,

calibration curves illustrated a strong agreement between

predicted and observed outcomes (Figure 2), further supporting

the model’s high predictive accuracy.
3.5 Clinical use

According to the decision curve analysis of the nomogram, the

predictive model demonstrates a net benefit at threshold

probabilities exceeding 2% (Figure 3).
3.6 Cost analysis

As illustrated in Table 5, patients with prolonged LOS incurred

significantly higher costs in all categories compared to those with

normal LOS. Total hospitalization costs were approximately 28%

higher in the prolonged LOS group. Among all cost categories,

drug costs exhibited the largest disparity between the groups,

followed by surgery costs and anesthesia costs (all p < 0.05).
4 Discussion

Reducing hospital stay duration for pediatric patients with

appendicitis leads to decreased costs, increased bed utilization

rates, and reduced wastage of medical resources. Therefore,

investigating the factors influencing LOS is of paramount

importance. This study developed a predictive model through the

analysis of clinical data from children diagnosed with

appendicitis. Findings indicated that factors such as age,

neutrophil-to-lymphocyte ratio, C-reactive protein levels,

operative duration, presence of appendiceal fecalith, and use of a

drainage tube were significantly associated with prolonged LOS

following laparoscopic appendectomy in children with

appendicitis. These easily accessible predictors can assist surgeons

in making informed decisions regarding resource allocation and

facilitate improved communication with parents.
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FIGURE 1

Nomogram to predict the probability of prolonged LOS. Various influencing factors are displayed in appropriate scales and the sum of all scores
represents the probability of prolonged LOS.
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The results of our study indicate that younger age is correlated

with an extended duration of hospitalization, possibly attributable

to the presence of atypical clinical presentations in younger

pediatric patients with appendicitis, leading to challenges in

diagnosis and a higher severity of illness necessitating prolonged

hospitalization for recovery. The high rates of peritoneal

irritation observed in our study (75.86% in the normal LOS

group vs. 91.20% in the prolonged LOS group, p < 0.001; and

73.49%, 89.06%, and 92.16% in suppurative, gangrenous, and

perforated appendicitis, respectively, p < 0.001) require careful

interpretation. In our pediatric cohort, peritoneal irritation was

assessed through physical examination findings, including

abdominal tenderness, rebound tenderness, and muscle guarding.

However, these clinical signs are particularly challenging to assess

in children, who often struggle to cooperate during examinations

due to fear or anxiety. Although all examinations were

performed by experienced pediatric surgeons, the inherent
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difficulties in examining children and the progressive nature of

appendicitis (evidenced by longer onset times and higher

inflammatory markers in more severe cases) may have influenced

the reported rates. Future studies would benefit from

incorporating more objective diagnostic criteria, particularly in

pediatric populations where physical examination findings may

be less reliable.

The NLR is a marker of systemic inflammatory response,

reflecting the equilibrium between systemic inflammation and

immune response (21, 22). Likewise, CRP functions as a non-

specific indicator of inflammation, with elevated levels in plasma

indicating infection and aiding in the clinical diagnosis of

appendicitis (23–25). Elevated levels of NLR and CRP are

indicative of heightened systemic inflammation (26–28).

Furthermore, studies (17, 29–32) suggest that elevated NLR or

CRP levels are associated with the development of complicated

appendicitis and intra-abdominal abscesses.
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FIGURE 2

Calibration curves of the nomogram prediction. The x-axis is indicative of the nomogram’s predictive value, while the y-axis represents the observed
outcomes. The diagonal dotted line symbolizes the ideal model’s perfect prediction, with the solid line denoting the nomogram’s performance. A
closer proximity of the solid line to the diagonal dotted line indicates a more accurate prediction by the nomogram.
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Our research indicates a positive correlation between elevated

levels of NLR and CRP with prolonged hospital stays. This

association may be attributed to the inflammatory nature of NLR

and CRP, which typically increase as appendicitis progresses.

Elevated levels of NLR and CRP often signify severe infection,

necessitating a longer recovery period post-surgery and extending

the hospitalization duration. Additionally, our nomogram

analysis reveals that CRP exhibits a stronger predictive capability

for extended LOS compared to NLR as an inflammatory marker.

IL-6, a proinflammatory cytokine produced by various immune

cells and tissue cells, serves as an early biomarker for tissue injury

and systemic inflammation. It plays a crucial role in promoting

the production of acute-phase proteins like CRP. Elevated levels

of IL-6 have also been shown to assist in identifying bacterial

infections (33, 34). Recent research (35) demonstrated that serum

IL-6 is effective in distinguishing between complicated and

uncomplicated cases of pediatric acute appendicitis. Moreover,

studies (16) have indicated that appendicitis patients with a post-

operative IL-6 increase exceeding 10% often experience

prolonged hospitalization, potentially due to the association

between elevated IL-6 levels and a heightened systemic
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inflammatory response. However, due to the data limitations of

this retrospective study, IL-6 measurements were not included in

our analysis. Nevertheless, we acknowledge the potential value of

IL-6 in predicting post-operative inflammatory responses and

clinical outcomes. Future research that integrates IL-6 assessment

may further optimize predictive models and provide deeper

insights into the role of systemic inflammation in recovery

following pediatric appendicitis surgery, including its impact on

hospitalization duration. This study found that longer surgeries

are more likely to result in more extended hospital stays, aligning

with the findings reported by Serres et al. (36), this relationship

may be attributed to the association between prolonged operative

time and the severity of intra-abdominal infection and adhesions.

The presence of severe infection and adhesion often necessitates

an expanded surgical intervention, leading to increased local

exudation, formation of encapsulated effusion, impaired intestinal

peristalsis, delayed recovery of gastrointestinal function, and,

ultimately, an extended postoperative recovery period.

Appendicoliths have the potential to obstruct the appendiceal

lumen, leading to bacterial overgrowth and continuous mucus

secretion, resulting in lumen dilation and increased wall pressure,
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FIGURE 3

Decision curve analysis for the nomogram. The x-axis denotes the threshold probability, while the y-axis quantifies the net benefit. The red line
represents the nomogram. The gray line represents the assumption that all cases had a prolonged length of stay. The black line represents the
assumption that no cases had a prolonged length of stay. Utilizing this nomogram for predicting prolonged LOS can yield a net benefit when the
threshold probability surpasses 2%.

TABLE 5 Comparison of medical costs between normal and prolonged
LOS groups.

Normal LOS
(<9 days;
n = 290)

Prolonged LOS
(≥9 days;
n = 125)

p-
value

Total costs of
hospitalization (CNY)

14,093.52
(12,667.27–
15,480.20)

18,073.24 (16,170.34–
20,459.71)

<0.001

Anesthesia costs (CNY) 952.00 (842.00–
1,077.00)

990.00 (901.50–
1,196.00)

0.017

Surgery costs (CNY) 2,757.00 (2,045.50–
3,819.00)

3,311.00 (2,540.50–
4,136.15)

<0.001

Drug costs (CNY) 1,871.52 (1,316.79–
2,266.80)

2,962.99 (2,288.89–
3,713.83)

<0.001

Values are presented as median (interquartile range). LOS, length of stay; CNY, Chinese

Yuan.
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and this can trigger local inflammatory responses that may advance

to gangrene and perforation. Moreover, research (37, 38) suggests

that appendicoliths are an independent risk factor for

appendiceal perforation, which can result in severe infection and

prolonged recovery.

The routine use of abdominal drainage in cases of complicated

appendicitis remains a topic of debate within the medical
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community (39). Proponents of this practice argue that abdominal

drainage can effectively evacuate intra-abdominal collections,

inhibit the accumulation of additional fluid, and facilitate the

identification and drainage of fecal fistulas (40). However, in our

investigation, children with appendicitis who underwent surgical

placement of abdominal drainage exhibited over threefold

increased odds of experiencing an extended hospitalization period,

in contrast to children with appendicitis who did not undergo

abdominal drainage. Prior research (41) has similarly

demonstrated that abdominal drainage contributes to prolonged

hospital stays in pediatric patients with appendicitis.

Theoretically, implementing drainage may lead to a decrease in

surgical site infections and a reduction in the length of hospital

stay. Nevertheless, emerging evidence (42) suggests that drainage

may not effectively lower the occurrence of intra-abdominal

abscesses and wound infections following complex appendicitis

surgery. This phenomenon may be attributed to various factors.

Potential causes include obstruction of the abdominal drainage

tube, leading to diminished drainage efficacy, and the localized

nature of abdominal drainage, which may result in incomplete

drainage of the entire abdominal cavity, potentially leading to the

development of peritoneal effusion and abscesses despite drainage

efforts. Furthermore, the insertion of an abdominal drainage tube
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poses a potential risk for peritoneal or blood infection due to its direct

placement into the abdomen, and this can also impede wound

healing and elevate the likelihood of surgical site infection.

Additionally, in pediatric patients, the presence of a drainage tube

may contribute to a perception of illness, hindering postoperative

recovery and ultimately prolonging the LOS. In addition, surgeons

may opt for a more conservative approach in treating patients who

have undergone drainage procedures, particularly those with a

higher grade of acute appendicitis. This may involve postponing

oral intake until the patient’s abdominal condition improves,

awaiting the removal of the abdominal drain, and potentially

prolonging the hospital stay. Consequently, it is imperative to

minimize the use of intraoperative drainage and promptly remove

the drainage tube post-operation.

Our cost analysis revealed significantly higher expenses among

patients with prolonged LOS across all cost categories. These results

underscore the considerable economic burden of prolonged

hospitalization, particularly for high-cost items such as drugs and

surgeries. The prediction model proposed in this study has the

potential to mitigate this issue. By identifying patients at risk of

prolonged LOS early, the model could facilitate targeted

interventions to minimize unnecessary delays, improve resource

allocation, and reduce expenses. Although our analysis focused

on direct costs, future research should investigate the broader

economic impact, including indirect costs, to fully evaluate the

model’s cost-saving potential.

The present study is subject to several limitations. Firstly, the

study population does not encompass all children with complicated

appendicitis as periappendiceal abscesses were excluded. Secondly,

the study excluded cases of congestive appendicitis, which

represents the earliest and mildest phase of appendiceal

inflammation. This decision was made to reduce heterogeneity

within the study population and to concentrate on moderate-to-

severe cases, which are more likely to result in prolonged hospital

stays. However, this exclusion may introduce selection bias, thereby

limiting the generalizability of our findings. Specifically, the

predictive model developed in this study is primarily tailored to

moderate-to-severe appendicitis (e.g., suppurative, gangrenous, and

perforated appendicitis), leaving its applicability to milder cases

uncertain. Future studies that include the full spectrum of

appendicitis, including mild cases, could offer a more

comprehensive understanding of the factors influencing LOS.

Thirdly, the study utilized a retrospective design, introducing the

possibility of biases such as information and selection bias.

Additionally, as this study was conducted at a single center, internal

validation was solely achieved through the bootstrap test,

necessitating additional external validation utilizing data from

multiple centers. Moreover, our study showed a male

predominance, consistent with the known epidemiology of

appendicitis (43). Although this reflects the natural disease pattern,

the marked gender disparity may limit result generalizability. Future

research should aim for more balanced gender distributions to

enhance external validity. Furthermore, several clinically important

variables, such as the extent of surgical contamination,

postoperative abscess formation and the subsequent need for

percutaneous/guided drainage, were not included due to incomplete
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documentation, which limited our ability to fully evaluate the

relationship between intraoperative findings and postoperative

outcomes. Finally, this study was limited by the high proportion of

missing microbiological culture data (251/415 cases, 60.5%), which

may introduce selection bias. The delayed availability of

microbiological culture results (≥3 days) also limits their

applicability to our aim of real-time LOS prediction. Future studies

with more comprehensive datasets and an emphasis on the role of

specific pathogens may provide greater insight into the relationship

between infections and prolonged hospital stays.

In conclusion, we developed a nomogram with good accuracy

to predict the length of hospital stay after laparoscopic

appendectomy in children with appendicitis.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by The Ethics

Committee of Suining Central Hospital. The studies were

conducted in accordance with the local legislation and institutional

requirements. The human samples used in this study were

acquired from primarily isolated as part of your previous study for

which ethical approval was obtained. Written informed consent for

participation was not required from the participants or the

participants’ legal guardians/next of kin in accordance with the

national legislation and institutional requirements.
Author contributions

ML: Data curation, Formal Analysis, Investigation, Software,

Validation, Writing – original draft, Writing – review & editing.

PY: Conceptualization, Resources, Writing – review & editing.

YG: Data curation, Methodology, Writing – review & editing. QC:

Data curation, Writing – review & editing. DX: Data curation,

Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fped.2024.1441263
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Liu et al. 10.3389/fped.2024.1441263
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Pediatrics 10
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Gil LA, Deans KJ, Minneci PC. Appendicitis in children. Adv Pediatr. (2023) 70
(1):105–22. doi: 10.1016/j.yapd.2023.03.003

2. Pogorelić Z, Kostovski B, Jerončić A, Šušnjar T, Mrklić I, Jukić M, et al.
A comparison of endoloop ligatures and nonabsorbable polymeric clips for
the closure of the appendicular stump during laparoscopic appendectomy in
children. J Laparoendosc Adv Surg Tech A. (2017) 27(6):645–50. doi: 10.1089/lap.
2016.0433

3. Wei HB, Huang JL, Zheng ZH, Wei B, Zheng F, Qiu WS, et al. Laparoscopic
versus open appendectomy: a prospective randomized comparison. Surg Endosc.
(2010) 24(2):266–9. doi: 10.1007/s00464-009-0563-7

4. Papandria D, Sebastião YV, Deans KJ, Diefenbach KA, Minneci PC. Examining
length of stay after commonly performed surgical procedures in ACS NSQIP
pediatric. J Surg Res. (2018) 231:186–94. doi: 10.1016/j.jss.2018.05.054

5. He K, Rangel SJ. Advances in the diagnosis and management of appendicitis in
children. Adv Surg. (2021) 55:9–33. doi: 10.1016/j.yasu.2021.05.002

6. Barrett ML, Hines AL, Andrews RM. Trends in Rates of Perforated Appendix,
2001–2010. In: Healthcare Cost and Utilization Project (HCUP) Statistical Briefs.
Rockville, MD: Agency for Healthcare Research and Quality (US) (2006).

7. Anandalwar SP, Cameron DB, Graham DA, Melvin P, Dunlap JL, Kashtan M,
et al. Association of intraoperative findings with outcomes and resource use in
children with complicated appendicitis. JAMA Surg. (2018) 153(11):1021–7. doi: 10.
1001/jamasurg.2018.2085

8. Yousef Y, Youssef F, Dinh T, Pandya K, Stagg H, Homsy M, et al. Risk
stratification in pediatric perforated appendicitis: prospective correlation with
outcomes and resource utilization. J Pediatr Surg. (2018) 53(2):250–5. doi: 10.1016/
j.jpedsurg.2017.11.023

9. Siddique K, Mirza S, Harinath G. Appendiceal inflammation affects the length of
stay following appendicectomy amongst children: a myth or reality? Front Med. (2013)
7(2):264–9. doi: 10.1007/s11684-013-0259-1

10. Collins TC, Daley J, Henderson WH, Khuri SF. Risk factors for prolonged length
of stay after major elective surgery. Ann Surg. (1999) 230(2):251–9. doi: 10.1097/
00000658-199908000-00016

11. Alvarado A. A practical score for the early diagnosis of acute appendicitis. Ann
Emerg Med. (1986) 15(5):557–64. doi: 10.1016/S0196-0644(86)80993-3

12. Samuel M. Pediatric appendicitis score. J Pediatr Surg. (2002) 37(6):877–81.
doi: 10.1053/jpsu.2002.32893

13. Shin J, Ihn MH, Kim KS, Kim SH, Lee J, Yun S, et al. Risk factors for prolonged
hospitalization and delayed treatment completion after laparoscopic appendectomy in
patients with uncomplicated acute appendicitis. Ann Coloproctol. (2023) 39(1):50–8.
doi: 10.3393/ac.2021.00773.0110

14. Feng W, Zhao XF, Li MM, Cui HL. A clinical prediction model for complicated
appendicitis in children younger than five years of age. BMC Pediatr. (2020) 20(1):401.
doi: 10.1186/s12887-020-02286-4

15. Chen Y, Wang Z, Xiao D, Zeng H, Ma X. Predicting the severity of acute
appendicitis of young children (<3 years old): development and assessment of a
new prediction nomogram. Front Pediatr. (2021) 9:763125. doi: 10.3389/fped.2021.
763125

16. Arredondo Montero J, Rivero Marcotegui A, Bardají Pascual C, Antona G,
Fernández-Celis A, López-Andrés N, et al. Post-operative increase in serum
interleukin-6 is associated with longer hospital stay in children operated on for
acute appendicitis: a pilot study. Surg Infect (Larchmt). (2023) 24(7):619–24.
doi: 10.1089/sur.2023.091

17. Delgado-Miguel C, Muñoz-Serrano AJ, Núñez V, Estefanía K, Velayos M,
Miguel-Ferrero M, et al. Neutropthil-to-Lymphocyte ratio as a predictor of
postsurgical intraabdominal abscess in children operated for acute appendicitis.
Front Pediatr. (2019) 7:424. doi: 10.3389/fped.2019.00424

18. Bom WJ, Scheijmans JCG, Salminen P, Boermeester MA. Diagnosis of
uncomplicated and complicated appendicitis in adults. Scand J Surg. (2021) 110
(2):170–9. doi: 10.1177/14574969211008330

19. Wallner LP, Dunn RL, Sarma AV, Campbell DA Jr, Wei JT. Risk factors for
prolonged length of stay after urologic surgery: the national surgical quality
improvement program. J Am Coll Surg. (2008) 207(6):904–13. doi: 10.1016/j.
jamcollsurg.2008.08.015
20. Strother MC, Michel KF, Xia L, McWilliams K, Guzzo TJ, Lee DJ, et al.
Prolonged length of stay after robotic prostatectomy: causes and risk factors. Ann
Surg Oncol. (2020) 27(5):1560–7. doi: 10.1245/s10434-020-08266-3

21. Maestrini I, Strbian D, Gautier S, Haapaniemi E, Moulin S, Sairanen T, et al.
Higher neutrophil counts before thrombolysis for cerebral ischemia predict
worse outcomes. Neurology. (2015) 85(16):1408–16. doi: 10.1212/WNL.
0000000000002029

22. Malhotra K, Goyal N, Chang JJ, Broce M, Pandhi A, Kerro A, et al. Differential
leukocyte counts on admission predict outcomes in patients with acute ischaemic
stroke treated with intravenous thrombolysis. Eur J Neurol. (2018) 25(12):1417–24.
doi: 10.1111/ene.13741

23. Beltran MA, Mendez PE, Barrera RE, Contreras MA, Wilson CS, Cortes VJ, et al.
Is hyperbilirubinaemia in appendicitis a better predictor of perforation than C-reactive
protein? - a prospective study. Indian J Surg. (2009) 71(5):265–72. doi: 10.1007/
s12262-009-0074-8

24. Ortega-Deballon P, de Adana-Belbel RJC, Hernández-Matías A, García-Septiem
J, Moreno-Azcoita M. Usefulness of laboratory data in the management of right iliac
fossa pain in adults. Dis Colon Rectum. (2008) 51(7):1093–9. doi: 10.1007/s10350-008-
9265-9

25. de Castro SM, Ünlü C, Steller EP, van Wagensveld BA, Vrouenraets BC.
Evaluation of the appendicitis inflammatory response score for patients with acute
appendicitis. World J Surg. (2012) 36(7):1540–5. doi: 10.1007/s00268-012-1521-4

26. Chang LS, Lin YJ, Yan JH, Guo MM, Lo MH, Kuo HC. Neutrophil-to-
lymphocyte ratio and scoring system for predicting coronary artery lesions of
kawasaki disease. BMC Pediatr. (2020) 20(1):398. doi: 10.1186/s12887-020-02285-5

27. Andersson RE, Hugander A, Ravn H, Offenbartl K, Ghazi SH, Nyström PO,
et al. Repeated clinical and laboratory examinations in patients with an equivocal
diagnosis of appendicitis. World J Surg. (2000) 24(4):479–85; discussion 485.
doi: 10.1007/s002689910076

28. Beltrán MA. The systemic inflammatory response in patients with appendicitis: a
progressive phenomenon. Indian J Surg. (2015) 77(Suppl 3):1050–6. doi: 10.1007/
s12262-014-1134-2

29. Delgado-Miguel C, Muñoz-Serrano AJ, Barrena Delfa S, Núñez Cerezo V,
Estefanía K, Velayos M, et al. Neutrophil-to-lymphocyte ratio as a predictor of
peritonitis in acute appendicitis in children. Cir Pediatr. (2019) 32(4):185–9.

30. March B, Leigh L, Brussius-Coelho M, Holmes M, Pockney P, Gani J. Can CRP
velocity in right iliac fossa pain identify patients for intervention? A prospective
observational cohort study. Surgeon. (2019) 17(5):284–90. doi: 10.1016/j.surge.2018.
08.007

31. Shogilev DJ, Duus N, Odom SR, Shapiro NI. Diagnosing appendicitis: evidence-
based review of the diagnostic approach in 2014. West J Emerg Med. (2014) 15
(7):859–71. doi: 10.5811/westjem.2014.9.21568

32. Ozyazici S, Karateke F, Turan U, Kuvvetli A, Kilavuz H, Karakaya B, et al. A
novel oxidative stress mediator in acute appendicitis: thiol/disulphide homeostasis.
Mediators Inflamm. (2016) 2016:6761050. doi: 10.1155/2016/6761050

33. Wu Y, Wang M, Zhu Y, Lin S. Serum interleukin-6 in the diagnosis of bacterial
infection in cirrhotic patients: a meta-analysis. Medicine (Baltimore). (2016) 95(41):
e5127. doi: 10.1097/MD.0000000000005127

34. Rincon M. Special issue on interleukin-6 (IL-6). Int J Biol Sci. (2012) 8
(9):1225–6. doi: 10.7150/ijbs.8.1225

35. Arredondo Montero J, Antona G, Rivero Marcotegui A, Bardají Pascual C,
Bronte Anaut M, Ros Briones R, et al. Discriminatory capacity of serum
interleukin-6 between complicated and uncomplicated acute appendicitis in
children: a prospective validation study. World J Pediatr. (2022) 18(12):810–7.
doi: 10.1007/s12519-022-00598-2

36. Serres SK, Graham DA, Glass CC, Cameron DB, Anandalwar SP, Rangel SJ.
Influence of time to appendectomy and operative duration on hospital cost in
children with uncomplicated appendicitis. J Am Coll Surg. (2018) 226(6):1014–21.
doi: 10.1016/j.jamcollsurg.2017.11.004

37. Mällinen J, Vaarala S, Mäkinen M, Lietzén E, Grönroos J, Ohtonen P, et al.
Appendicolith appendicitis is clinically complicated acute appendicitis-is it
histopathologically different from uncomplicated acute appendicitis. Int J Colorectal
Dis. (2019) 34(8):1393–400. doi: 10.1007/s00384-019-03332-z
frontiersin.org

https://doi.org/10.1016/j.yapd.2023.03.003
https://doi.org/10.1089/lap.2016.0433
https://doi.org/10.1089/lap.2016.0433
https://doi.org/10.1007/s00464-009-0563-7
https://doi.org/10.1016/j.jss.2018.05.054
https://doi.org/10.1016/j.yasu.2021.05.002
https://doi.org/10.1001/jamasurg.2018.2085
https://doi.org/10.1001/jamasurg.2018.2085
https://doi.org/10.1016/j.jpedsurg.2017.11.023
https://doi.org/10.1016/j.jpedsurg.2017.11.023
https://doi.org/10.1007/s11684-013-0259-1
https://doi.org/10.1097/00000658-199908000-00016
https://doi.org/10.1097/00000658-199908000-00016
https://doi.org/10.1016/S0196-0644(86)80993-3
https://doi.org/10.1053/jpsu.2002.32893
https://doi.org/10.3393/ac.2021.00773.0110
https://doi.org/10.1186/s12887-020-02286-4
https://doi.org/10.3389/fped.2021.763125
https://doi.org/10.3389/fped.2021.763125
https://doi.org/10.1089/sur.2023.091
https://doi.org/10.3389/fped.2019.00424
https://doi.org/10.1177/14574969211008330
https://doi.org/10.1016/j.jamcollsurg.2008.08.015
https://doi.org/10.1016/j.jamcollsurg.2008.08.015
https://doi.org/10.1245/s10434-020-08266-3
https://doi.org/10.1212/WNL.0000000000002029
https://doi.org/10.1212/WNL.0000000000002029
https://doi.org/10.1111/ene.13741
https://doi.org/10.1007/s12262-009-0074-8
https://doi.org/10.1007/s12262-009-0074-8
https://doi.org/10.1007/s10350-008-9265-9
https://doi.org/10.1007/s10350-008-9265-9
https://doi.org/10.1007/s00268-012-1521-4
https://doi.org/10.1186/s12887-020-02285-5
https://doi.org/10.1007/s002689910076
https://doi.org/10.1007/s12262-014-1134-2
https://doi.org/10.1007/s12262-014-1134-2
https://doi.org/10.1016/j.surge.2018.08.007
https://doi.org/10.1016/j.surge.2018.08.007
https://doi.org/10.5811/westjem.2014.9.21568
https://doi.org/10.1155/2016/6761050
https://doi.org/10.1097/MD.0000000000005127
https://doi.org/10.7150/ijbs.8.1225
https://doi.org/10.1007/s12519-022-00598-2
https://doi.org/10.1016/j.jamcollsurg.2017.11.004
https://doi.org/10.1007/s00384-019-03332-z
https://doi.org/10.3389/fped.2024.1441263
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Liu et al. 10.3389/fped.2024.1441263
38. Yoon HM, Kim JH, Lee JS, Ryu JM, Kim DY, Lee JY. Pediatric appendicitis with
appendicolith often presents with prolonged abdominal pain and a high risk of
perforation. World J Pediatr. (2018) 14(2):184–90. doi: 10.1007/s12519-018-0128-8

39. Di Saverio S, Podda M, De Simone B, Ceresoli M, Augustin G, Gori A, et al.
Diagnosis and treatment of acute appendicitis: 2020 update of the WSES Jerusalem
guidelines. World J Emerg Surg. (2020) 15(1):27. doi: 10.1186/s13017-020-00306-3

40. Allemann P, Probst H, Demartines N, Schäfer M. Prevention of infectious
complications after laparoscopic appendectomy for complicated acute appendicitis–
the role of routine abdominal drainage. Langenbecks Arch Surg. (2011) 396(1):63–8.
doi: 10.1007/s00423-010-0709-z
Frontiers in Pediatrics 11
41. Schlottmann F, Reino R, Sadava EE, Campos Arbulú A, Rotholtz NA. Could an
abdominal drainage be avoided in complicated acute appendicitis? Lessons learned
after 1300 laparoscopic appendectomies. Int J Surg. (2016) 36(Pt A):40–3. doi: 10.
1016/j.ijsu.2016.10.013

42. Li Z, Zhao L, Cheng Y, Cheng N, Deng Y. Abdominal drainage to prevent intra-
peritoneal abscess after open appendectomy for complicated appendicitis. Cochrane
Database Syst Rev. (2018) 5(5):Cd010168. doi: 10.1002/14651858.CD010168.pub3

43. Ferris M, Quan S, Kaplan BS, Molodecky N, Ball CG, Chernoff GW, et al. The
global incidence of appendicitis: a systematic review of population-based studies. Ann
Surg. (2017) 266(2):237–41. doi: 10.1097/SLA.0000000000002188
frontiersin.org

https://doi.org/10.1007/s12519-018-0128-8
https://doi.org/10.1186/s13017-020-00306-3
https://doi.org/10.1007/s00423-010-0709-z
https://doi.org/10.1016/j.ijsu.2016.10.013
https://doi.org/10.1016/j.ijsu.2016.10.013
https://doi.org/10.1002/14651858.CD010168.pub3
https://doi.org/10.1097/SLA.0000000000002188
https://doi.org/10.3389/fped.2024.1441263
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Nomogram prediction model for length of hospital stay following laparoscopic appendectomy in pediatric patients: a retrospective study
	Introduction
	Materials and methods
	Patient selection
	Observation indicators
	Statistical analysis

	Results
	Patients' characteristics
	Univariate and multivariate logistic regression analysis
	The development of a predictive model
	Discrimination and calibration
	Clinical use
	Cost analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


