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Purpose: Develop and validate a nomogram for predicting intestinal resection in
pediatric intussusception suspecting intestinal necrosis.

Patients & methods: Children with intussusception were retrospectively enrolled
after a failed air-enema reduction in the outpatient setting and divided into two
groups: the intestinal resection group and the non-intestinal resection group.
The enrolled cases were randomly selected for training and validation sets
with a split ratio of 3:1. A nomogram for predicting the risk of intestinal
resection was visualized using logistic regression analysis with calibration
curve, C-index, and decision curve analysis to evaluate the model.

Results: A total of 547 cases were included in the final analysis, of which 414 had
non-intestinal necrosis and 133 had intestinal necrosis and underwent intestinal
resection. The training set consisted of 411 patients and the validation cohort
included 136 patients. Through forward stepwise regression, four variables
(duration of symptoms, C-reaction protein, white blood cells, ascites) were
selected for inclusion in the nomogram with a concordance index 0.871 (95%
confidence interval: 0.834-0.908).

Conclusion: We developed a nomogram for predicting intestinal resection in
children with intussusception suspecting intestinal necrosis after a failed
air-enema based on multivariate regression. This nomogram could be directly
applied to facilitate predicting intestinal resection in pediatric intussusception
suspecting necrosis.
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1 Introduction

Intussusception, defined as intestinal obstruction caused by the telescoping of a
portion of the gut and its mesentery into the adjacent intestinal cavity leading to bowel
inflammation and edema (1), is one of the most prevalent causes of acute abdominal
diseases in infants and children with peak incidence between 3 and 12 months of age
(2). Diagnosing intussusception is challenging depending on the clinical symptoms and
signs, which often overlap with multiple other diseases. Furthermore, prompt diagnosis
and prediction of intestinal ischemia poses a clinical conundrum for pediatricians and
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pediatric surgeons due to nonspecific early clinical signs, such as
lethargy, diarrhea, or irritability.

Once diagnosis and treatment are delayed, there is a great risk of
intestinal ischemia, necrosis, perforation, and peritonitis, even severe
dehydration and shock leading to death (3) as the venous congestion
and bowel wall edema continue to advance (4, 5). If intestinal
necrosis can be predicted and treated earlier with better diagnostic
methods, the adverse effects of intussusception can be mitigated,
even predicted before complete intestinal necrosis and
corresponding treatment can be performed to reduce the incidence
of intestinal resection and poor prognosis. Previous studies have
focused on the risk factors for intestinal necrosis in
intussusception (6, 7), while the complex statistical models limit
their utility in clinical decision-making. Therefore, a more accurate
and reusable model is urgently needed to predict intestinal
resection in intussusception suspecting intestinal necrosis.

Based on multivariate regression analysis, a nomogram
integrates multiple predictors and draws them on the same plane
according to a certain proportion with calibrated line segments
to illustrate the relationship between variables in the prediction
model which means more readable and convenient for patients
to evaluate (8). Hence, our goal was to develop and validate a
nomogram for predicting intestinal resection in pediatric
intussusception suspecting intestinal necrosis based on individual

preoperative clinical data.

2 Methods
2.1 Patients

If pediatric patients were highly suspected of having
intussusception in outpatient clinic based on ultrasonography
and clinical manifestations, a follow-up air enema was
performed under fluoroscopy to verify it. Air enema reduction
was performed by pediatric surgeons and radiologists up to
3 min with pressure enema from 80 mmHg to 120 mmHg. If
first air enema failed, at least two specialized pediatric surgeons
would evaluate whether the child was stable, lack of peritonitis,
and loosening of the intussusceptum on previous air enema
attempt to determine whether to perform air enema again after
conservative treatment such as rehydration, anti-inflammatory.
If so, after fully informing the family of the risks of re-
reduction such as intestinal perforation and obtaining consent,
air enema reduction attempt was carried out again. Patients
were hospitalized if three air-enema reduction attempts failed
or if there was suspicion of intestinal necrosis or perforation.
Hospitalized children diagnosed with intestinal intussusception
due to unsuccessful air-enema reduction between 1 January
2010 and 31 December 2023 were retrospectively examined.
Exclusion criteria were as follows: (1) cases with incomplete
medical records; (2) warfarin or heparin use, liver disease,
nephrotic syndrome, and/or other diseases potentially affecting
blood clotting function.

Emergency surgical reduction was performed after obtaining

informed consent in children with failed air-enema reduction.
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The judgement of intestinal necrosis and the decision to perform
intestinal resection were made intraoperatively based on the
loss of bowel viability due to non-responsiveness to stimulation,
loss of tension and peristalsis, hypoxic discoloration, and the
absence of pulsation in the corresponding terminal artery. The final
diagnosis of intestinal necrosis depended on the intraoperative
findings by

surgeons and the postoperative

examinations. According to the results of intraoperative and

pathological

pathology assessments, the enrolled patients were categorized into
two groups: the intestinal resection group and the non-intestinal
resection group. The patients were randomly selected for training
and validation sets in a 3:1 ratio.

The study was approved by the Ethics Committees of The
Second Affiliated Hospital and Yuying Children’s Hospital of
Wenzhou Medical
retrospective study, the informed consent was waived.

University. Because of the nature of

2.2 Variables

The medical records of enrolled patients were collected,
including demographic distribution [age, gender, duration of
symptoms (hours)], clinical characteristics [red currant jelly stool,
fever, abdominal pain, diarrhea, vomitus, intermittent crying,
pathological lead points (PLPs), classification of intussusception
based on localization (ileo-colic, ileo-cecal, compound/complex,
multiple, and small intestinal)], laboratory parameters [C-reaction
protein (CRP), white blood cells (WBCs), red blood cells (RBCs),
hemoglobin (HB), hematocrit (HCT), mean corpuscular volume
(MCV), red cell distribution width-CV (RDW-CV), platelets
(PLTs), mean platelet volume (MPV), platelet distribution width
(PDW), thrombocytocrit (PCT), neutrophil counts, lymphocyte
counts, basophil counts, monocyte counts, eosinophil counts,
D-dimer, prothrombin time (PT), prothrombin time-INR
(PT-INR), activated partial thromboplastin time (APTT), thrombin
time (TT), plasma fibrinogen], ultrasonographic features (ascites,
intestinal dilation, enlarged lymph nodes), pneumatic reduction
records, surgical findings, and pathology reports. The duration of
symptoms was defined as the time from presence of symptoms to
the time of hospitalization. Fever was defined as temperature
above 37.5°C, as recorded by ear at presentation. Ileo-colic
intussusception referred to distal ileum prolapsed into the adjacent
colon. Ileo-cecal intussusception referred to distal ileum prolapsed
into the adjacent ileocecal junction. Compound/complex
intussusception referred to more than one proximal intestinal
segment prolapsed into the adjacent one. Multiple intussusception
referred to more than one intussusceptions in different intestinal
segments. Small intestinal intussusception referred to small

intestinal segment prolapsed into the adjacent distal small intestine.

2.3 Statistical analysis
The data in this study was analyzed by R4.3.1 software and the

Statistical Package for Social Science (SPSS) version 22.0 (IBM,
Armonk, New York). There was no missing data in the final
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analysis. Univariate and multivariate analysis were conducted to
estimate the correlation between the predictors and the main
binary classification results. Discrete variables were expressed as
counts (percentage), and continuous variables as means + standard
deviation (SD) or range (IQR)
depending on normality. The normally distributed continuous
t-test,
distributed variables as Mann-Whitney U-test, and the qualitative

median with interquartile

variables were compared by Student’s non-normally
data as Pearson’s Chi-square or Fisher’s exact tests. Then, based
on clinic and univariable analysis, the significant variables were
selected for inclusion in multivariable logistic regression prediction
model. Odds ratios (ORs) and 95% confidence interval (CI) were
calculated via forward stepwise regression conducted through the
maximum likelihood estimation and the model was visualized
using a nomogram with the training set, showcasing its calibration
and discrimination. The validation set was used to validate the
newly developed nomogram. Receiver operating characteristic
(ROC) curve evaluated the prediction ability of the model. Area
under curve (AUC) >0.5 indicated well prediction value of the
model. The concordance-index (C-index) quantifies the level of
concordance between predicted and observed probabilities. The
calibration curve demonstrated consistency between the prediction
and observation. Decision curve analysis (DCA) assessed the
risk and benefit. The
conducted to determine the goodness of fit of the model. A

clinical Hosmer-Lemeshow test was

p-value <0.05 was considered statistically significant.

3 Results
3.1 Clinical characteristics

From 1 January 2010 to 31 December 2023, 8,127 pediatric
patients air-enema reduction due to
7,374 cases

successful air enema reduction left hospital after a certain period

were  performed

intussusception in outpatient clinic, underwent
of observation in outpatient clinic if no discomfort occurred
during this period, only 753 cases were admitted into the
Department of Pediatric Surgery due to air-enema reduction fails
or suspicion of intestinal necrosis or perforation. Based on
out of the 753

excluded 69 cases with

consistent inclusion and exclusion criteria,
hospitalized pediatric patients, we
incomplete medical records and 137 hospitalized observation cases,
who were successfully treated with outpatient air enema.
Therefore, the successful rate of air-enema reduction was 92.4% in
our hospital. Ultimately, 547 pediatric patients were enrolled in the
retrospective analysis, and 133 cases were intestinal necrosis
confirmed by pathology. The cases were randomly selected for
training and validation sets with a split ratio of 3:1. 411 cases were
assigned to the training set, while 136 cases were assigned to the
validation set. The training set was used to develop a nomogram
model, and the validation set was used to validate the model.
There were no statistical differences between the training set and
validation set (p>0.05) in intestinal resection, demographic
distribution, and clinical characteristics, as shown in Table 1.

Vomitus was the most prevalent presenting symptom (n =488,
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TABLE 1 Demographic and clinical features of the pediatric patients with
intussusception with air-enema failure in the training set and validation set.

Variables Training set | Validation | P-value
n=411 set n=136

Intestinal resection, n (%) 104 (25.3) 29 (21.3) 0.4106
Demographics
Age (month), mean + SD 15.81 £23.91 17.6 £26.98 0.6251
Gender (female/male), (ratio) | 140/271 (1.0:1.9) | 42/94 (1.0:2.3) 0.5636
Duration of symptoms (h), 27.96 +23.22 30.98 +39.73 0.5813
mean + SD
History, n (%)
Red currant jelly stool 303 (73.7) 104 (76.5) 0.6008
Fever 177 (43.1) 61 (44.9) 0.7912
Abdominal pain 82 (20.0) 24 (17.6) 0.6425
Diarrhea 54 (13.1) 27 (19.9) 0.0764
Vomitus 366 (89.1) 122 (89.7) 0.9570
Intermittent crying 301 (73.2) 99 (72.8) 1.0000
PLPs 66 (16.1) 18 (13.2) 0.5129
Classification of intussusception, n (%)
Ileo-colic 195 (47.4) 68 (50.0) 0.6760
Tleo-cecal 86 (20.9) 31 (22.9) 0.7337
Compound/complex 71 (17.3) 24 (17.6) 1.0000
Multiple 2 (0.5) 0 (0.0) 1.0000
Small intestinal 57 (13.9) 13 (9.6) 0.2476

PLPs, Pathological lead points.

89.2%), followed by red currant jelly stool (n=407, 74.4%),
intermittent crying (n=400, 73.1%), fever (n=238, 43.5%),
abdominal pain (n=106, 19.4%), diarrhea (n=281, 14.8%), and
PLPs (n=84, 154%) in all 547 enrolled cases. Five types of
intussusception based on anatomic localization were observed
during surgery: ileo-colic (n=263, 48.1%), ileo-cecal (n=117,
21.4%), compound/complex (1 =95, 17.4%), multiple (n =2, 0.4%),
small intestinal (n =70, 12.8%). Table 2 summarized the laboratory
investigation of the two sets and Table 3 exhibited the sonographic
investigation in pediatric intussusception patients of the two sets.
44.4% (243/547) of patients were found ascites free in abdominal
cavity or trapped between intestinal loops under ultrasound. 20.8%
of (114/547) patients had bowel dilation and enlarged lymph
nodes were found in only 7.7% (42/547) of cases. Comparison
results between intestinal resection and non-intestinal resection
were shown in Tables 4, 5. The duration of symptoms before
presentation was significantly longer in children with enterectomy
(49.17 £29.65 vs. 20.77+14.87, p<0.001).
significant difference in abdominal pain, intermittent crying, PLPs,

There was no

and classifications of intussusception between intestinal resection
and non-intestinal resection. Compared with children in non-
intestinal resection group, the incidences of fever, bloody stool,
diarrhea, and vomitus were higher in children who underwent
enterectomy due to suspected intestinal necrosis.

3.2 Development of the nomogram
Univariate analysis was conducted on the training set and

17 variables were the significant factors (p <0.05), as shown in
Tables 6, 7. Based on clinical and statistical evaluation, we
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TABLE 2 Hematological investigation of the pediatric patients with
intussusception with failed air-enema in the training set and validation set.

Variables Training set | Validation set | P-value
n=411 n=136
CRP, mg/L 14.97 +22.46 15.57 + 24.89 0.6199
WBCs, 10°/L 12.67 + 5.08 12.78 +4.78 0.5656
RBCs, 10'%/L 4.4+0.69 44+0.6 0.4496
HB, g/L 11539+ 13.21 115.96 + 12.77 0.6235
HCT 0.34 +0.04 0.35 +0.04 0.4531
MCYV, fL 78.69 +5.32 78.6 +6.94 0.5977
RDW-CV, % 133+1.84 135+2.19 0.6386
PLTs, 10°/L 393.68 £125.87 | 400.55 + 130.40 0.6388
MPV, fL 8.03+1.04 8.04 +1.00 0.8976
PDW, % 14.55 + 2.55 14.44 +2.70 0.8824
PCT 0.31+0.10 0.32+0.11 0.6682
Neutrophil counts, 10°/L 873+43 8.7 +429 0.9996
Lymphocyte counts, 10°/L 292+ 144 3.08 +1.59 0.3721
Monocyte counts, 10°/L 0.83 £0.59 0.82 £0.55 0.8190
Basophil counts, 10°/L 0.04 +£0.05 0.05+0.11 0.8577
Eosinophil counts, 10°/L 0.05 +0.08 0.07 £0.11 0.4866
D-dimer, ug/mL 2.05+2.73 1.75+1.9 0.1208
PT, s 13.85+ 1.16 13.82+1.03 0.8699
PT-INR 1.07 £0.12 1.08+0.11 0.3422
APTT, s 38.58 + 5.48 38.36 +6.02 0.4809
TT, s 15.41+2.87 15.7 +3.69 0.1065
Fibrinogen, g/L 3.28+0.83 3.21+0.84 0.3386

Data were presented as mean + SD. CRP, C-reaction protein; WBCs, white blood
cells; RBCs, red blood cells; HB, hemoglobin; HCT, hematocrit; MCV, mean
corpuscular volume; RDW-CV, red cell distribution width-CV; PLTs, platelets;
MPV, mean platelet volume; PDW, platelet distribution width; PCT,
thrombocytocrit; PT, prothrombin time; PT-INR, prothrombin time-INR; APTT,
activated partial thromboplastin time; TT, thrombin time.

included the 17 variables into multivariable analysis and four
variables including duration of symptoms (OR =1.050; 95% CI,
1.035-1.066; p <0.001), CRP (OR=1.021; 95% CI, 1.007-1.035;
p=0.004), WBCs (OR=1.110; 95% CI, 1.048-1.176; p <0.001),
and ascites (OR=3.781; 95% CI, 2.079-6.874; p <0.001) were
screened to develop the nomogram, as illustrated in Figure 1.

3.3 Validation of the nomogram

The ROC curves were plotted, and the AUC of 0.871 (95% CI,
0.834-0.908) in the training set and 0.838 (95% CI, 0.754-0.921) in

TABLE 3 Sonographic investigation of the pediatric patients with

intussusception with air-enema failure in the training set and validation set.

Variables Training set = Validation set | P-value
n=411,n (%) n=136, n (%)

Ascites 0.9868
Yes 182 (44.3) 61 (44.9)
No 229 (55.7) 75 (55.1)

Intestinal dilation 0.8372
Yes 87 (21.2) 27 (19.9)
No 324 (78.8) 109 (80.1)

Enlarged lymph nodes 0.4446
Yes 29 (7.1) 13 (9.6)
No 382 (92.9) 123 (90.4)
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TABLE 4 Demographic and clinical features of intestinal resection group
and non-intestinal resection group in the training set.

Variables Intestinal | Non-intestinal | P-value
resection resection
n=104 n=307

Demographics
Age (month), mean + SD 15.31 £27.08 15.98 £22.79 0.806
Gender (female/male), (ratio) K 43/61 (1.0:1.4) 97/210 (1.0:2.1) 0.070
Duration of symptoms (h), 49.17 £29.65 20.77 + 14.87 <0.001

mean + SD

History, n (%)
Red currant jelly stool 85 (81.7) 218 (71.0) 0.032
Fever 58 (55.8) 119 (38.8) 0.002
Abdominal pain 18 (17.3) 64 (20.8) 0.435
Diarrhea 21 (20.2) 33 (10.7) 0.014
Vomitus 99 (95.2) 267 (87.0) 0.020
Intermittent crying 71 (68.3) 230 (74.9) 0.186
PLPs 21 (20.2) 45 (14.7) 0.184

Classification of intussusception, n (%)
Ileo-colic 35 (33.7) 160 (52.1) <0.001
Tleo-cecal 21 (20.2) 65 (21.2) 0.832
Compound/complex 25 (24) 46 (15) 0.035
Multiple 1 (1.0) 1(0.3) 0.443
Small intestinal 22 (21.2) 35 (11.4) 0.013

PLPs, pathological lead points.

the validation set were obtained, indicating that the model
possessed high predictive value (Figure 2). The C-index of the
prediction nomogram in the training set was 0.871 (95% CI,
0.834-0.908), and the
p=0.716, indicating the good reliability of the forecast and
goodness of fit. The calibration curve demonstrated the forecast

Hosmer-Lemeshow test resulted in

was in good agreement with the actual situation (Figure 3). In
order to assess the model’s clinical applicability, we performed
decision curve analysis on the nomogram. The DCA showed that
the model yielded a net benefit over the majority of threshold
probabilities (Figure 4).

4 Discussion

Intussusception is one of the most common abdominal
emergency in children and due to its anatomical state, occlusion
through the
strangulation (9). As the occlusion level increases, intestinal
circulation is impaired, leading to ischemia and necrosis (10).

advances mechanisms of obstruction and

Predicting and diagnosing intestinal necrosis in intussusception
can be laborious. Scholars are devoting more attention to
building a model for facilitating prediction. Compared with
screening for predicting risk factors for intestinal necrosis in
pediatric intussusception as shown in previous studies (5, 6, 11, 12),
a nomogram integrates more variables and replaces complex
statistical models with a simple and straightforward graph (13).
Furthermore, in recent years, some researchers have expressed
grave concern about the predictive ability of nomograms for
intussusception and have stated their potential predictive utility
(14, 15). To our knowledge, there are few studies focusing on
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TABLE 5 Hematological and sonographic investigation of intestinal
resection group and non-intestinal resection group in the training set.
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TABLE 6 Univariate and multivariate analysis on the demographics and
clinical characteristics of the predictors of intestinal resection in
pediatric intussusception in the training set.

Variables Intestinal Non-intestinal | P-value
resection resection Variables Univariate analysis | Multivariate analysis
R L=20y OR[95% Cl] = p- | ORI[95%Cl] p-

CRP 28.15 % 33.67 10.51 + 14.67 <0.001 Vel vele
WBCs 13.89 £6.31 12.26 £4.53 0.016 Demographics
RBCs 432+1.08 4.43+049 0.168 Age 0.999 [0.989-1.008] | 0.806
HB 11358+ 15.04 11601 +12.50 0.105 Gender (male) | 0.655 [0.414-1.036] | 0.071
HCT 0.33+0.04 0.35+0.04 0.009 Duration of 1.060 [1.046-1.074] | <0.001 1.050 <0.001
MCV 79.39 +5.00 78.45+5.42 0.119 symptoms [1.035-1.066]
RDW-CV 13.14£2.16 1335+1.72 0.316 History
PLTs 426.39 + 145.52 382.60 + 116.68 0.006 Red currant jelly | 1.826 [1.048-3.182] | 0.033
MPV 7.95+0.99 8.06+1.05 0.364 stool
PDW 1431 +2.81 14.63 +2.45 0.297 Fever 1.992 [1.270-3.124] | 0.003
PCT 0.34+0.12 0.31+0.09 0.011 Abdominal pain | 0.795 [0.446-1.416] | 0.436
Neutrophil counts 9.38 +5.02 8.51 +4.02 0.113 Diarrhea 2.101 [1.153-3.827] | 0.015
Lymphocyte counts 3.18+1.61 2.83+1.37 0.032 Vomitus 2.966 [1.138-7.731] | 0.026
Monocyte counts 0.98 +0.69 0.78 +0.54 0.006 Intermittent 0.720 [0.443-1.172] | 0.187
Basophil counts 0.043 +0.064 0.035 + 0.040 0.214 crying
Eosinophil counts 0.047 +0.067 0.057 +0.081 0.264 PLPs 1.208 [0.647-2.256] | 0.552
D-dimer 3.602 + 4.038 1.529 + 1.837 <0.001 Classification of intussusception, n (%)
PT 14212 +1.528 13732+ 0.984 0.003 Ileo-colic 0.656 [0.358-1.202] | 0.173
PT-INR 1.114+0.157 1.059 % 0.104 0.001 Tleo-cecal 0.601 [0.300-1.202] | 0.150
APTT 38.005 + 5.238 38.775 +5.557 0.216 Compound/ 1.630 [0.821-3.236] | 0.162
TT 15.118 + 1.168 15514 + 3.248 0.225 complex
Fibrinogen 3243 +0925 3.299+0.793 0.587 Multiple 1.561 [0.089-27.413] | 0761
Ultrasound, n (%) Small intestinal | 1.886 [0.919-3.871] | 0.084

Ascites 78 (75) 104 (33.88) <0.001 PLPs, pathological lead points.

Intestinal dilation 36 (34.62) 51 (16.61) <0.001

Enlarged lymph nodes 7 (6.73) 22 (7.17) 0.881

Continuous variables were described as mean + SD. CRP, C-reaction protein;
WBCs, white blood cells; RBCs, red blood cells; HB, hemoglobin; HCT,
hematocrit; MCV, mean corpuscular volume; RDW-CV, red cell distribution
width-CV; PLTs, platelets; MPV, mean platelet volume; PDW, platelet distribution
width; PCT, thrombocytocrit; PT, prothrombin time; PT-INR, prothrombin time-
INR; APTT, activated partial thromboplastin time; TT, thrombin time.

developing nomograms for intestinal resection due to suspected
intestinal necrosis in intussusception. Hence, an effective nomogram
based on preoperative clinical risk factors to predict intestinal
resection in pediatric intussusception suspecting intestinal necrosis
was developed and validated. Risk factors such as the duration of
symptoms, CRP, WBCs, ascites detected under ultrasound were
incorporated into the nomogram based on the training set, which
was identified as highly predictive tool that could be applied
directly by validation set.

Abdominal pain, vomiting, and bloody stool constitute the
classic triad of intussusception, but are presented in less than
33% of children upon admission (16). In all the enrolled cases,
only 34 (6.216%) cases manifested the typical triad, 106
(19.378%) patients had intermittent abdominal pain, 488
(89.214%) patients experienced vomiting, and 407 (74.406%)
patients had bloody stools. However, out of 400 cases showing
intermittent crying, 326 cases were younger than 12 months and
unable to verbally complain about their pain, which may explain
the low incidence of the typical triad. A study had shown that
vomiting and fever lasting more than two days were important
predictors of enterectomy (5). Vomiting before hospitalization
was statistically associated with intestinal resection in our

Frontiers in Pediatrics

univariate analysis (OR =2.966; 95% CI, 1.138-7.731; p =0.026).
Apart from the above typical symptoms, fever is also common in
intussusception. In our cohort, 238 cases (43.51%) presented
with fever, with a higher incidence in the intestinal resection
group (74 out of 133 cases). Fever reflects a systemic response to
intraperitoneal infection and inflammation. Furthermore,
hyperpyrexia indicates a poor prognosis (17). Khorana et al. (18)
drew a conclusion that a temperature above 37.8°C was one of
the predictors of failed manual reduction. And a study on the
retrospective analysis of 376 infants aged between 1 and 12
months from 19 states who suffered from intussusception
that >38°C) on
admission significantly increased the risk of bowel resection with
the OR=2.7 (adjusted for race and sex), 95% CI 1.2-6.0 (5).
identified fever

(temperature >37.5°C) into risk factor for predicting intestinal

showed documented fever (temperature

Another study conducted previously also

necrosis (7). However, since the p-values in the multivariable
analysis were higher than 0.05 and compromised the model’s
calibration, vomiting and fever were excluded from our model.
The study results were consistent with the findings of previous
studies, indicating that a longer duration of illness was more
common in patients with intestinal necrosis (7, 11, 12, 14,
19-21). Longer duration of symptoms before presentation is
related to an increase in the loss of intestinal viability (18).
However, differences were observed in the threshold values
among various studies, ranging from 24 h to 75 h which may be
attributed to recall bias. In our study, the mean duration of
symptoms in non-intestinal resection group and intestinal
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TABLE 7 Univariate and multivariate analysis on the hematological and sonographic investigation of the predictors of intestinal resection in pediatric
intussusception in the training set.

Variables Univariate analysis Multivariate analysis
OR [95% Cl] p-value OR [95% Cl] p-value
CRP 1.037 [1.024-1.050] <0.001 1.021 [1.007-1.035] 0.004
WBCs 1.063 [1.018-1.110] 0.006 1.110 [1.048-1.176] 0.002
RBCs 0.737 [0.485-1.120] 0.153
HB 0.986 [0.970-1.003] 0.106
HCT 0.000 [0.000-0.160] 0.010
MCV 1.035 [0.991-1.082] 0.119
RDW-CV 0.993 [0.814,1.069] 0.318
PLTs 1.003 [1.001-1.004] 0.002
MPV 0.903 [0.726-1.125] 0.364
PDW 0.953 [0.876-1.037] 0.263
PCT 16.276 [1.841-143.900] 0.012
Neutrophil counts 1.047 [0.995-1.101] 0.078
Lymphocyte counts 1.176 [1.013-1.367] 0.034
Monocyte counts 1.742 [1.211-2.506] 0.003
Basophil counts 27.686 [0.380-2,017.874] 0.129
Eosinophil counts 0.159 [0.006-4.090] 0.267
D-dimer 1.128 [1.005-1.267] 0.040
PT 1.396 [1.148-1.697] 0.001
PT-INR 33.734 [4.959-229.485] <0.001
APTT 0.974 [0.935-1.015] 0.216
TT 0.873 [0.726-1.050] 0.150
Fibrinogen 0.922 [0.702-1.210] 0.556
Ultrasound
Ascites 5.856 [3.542-9.682] <0.001 3.781 [2.079-6.874] <0.001
Intestinal dilation 2.657 [1.606-4.397] <0.001
Enlarged lymph nodes 0.935 [0.387-2.257] 0.881

CRP, C-reaction protein; WBCs, white blood cells; RBCs, red blood cells; HB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; RDW-CV, red cell distribution width-
CV; PLTs, platelets; MPV, mean platelet volume; PDW, platelet distribution width; PCT, thrombocytocrit; PT, prothrombin time; PT-INR, prothrombin time-INR; APTT, activated partial

thromboplastin time; TT, thrombin time.

resection group were found to be significantly different and
intestinal resection was observed in most of cases with symptoms
lasting more than 24 h. Therefore, further research is urgently
needed to obtain a more accurate value.

As time prolongs, intestinal tract loses viability, evolving into
ischemia and necrosis with massive amounts of toxins likely
reaching the bloodstream and becoming measurable which attract
attention for potential use in diagnosing intestinal necrosis at an
early stage (22). Elevated CRP, WBCs, and other inflammatory
factors are common. CRP level is a dynamic inflammation
indicator well reflecting systemic inflammation elevating in
response to inflammatory reactions, resistance to bacterial
infections and tissue damage such as acute appendicitis (23),
incarcerated groin hernia (10), intestinal obstruction (24), etc. As
shown in our nomogram, CRP significantly contributed to
intestinal necrosis, with higher CRP level greatly increasing the
risk of intestinal necrosis and indicating the severity of the illness.
Some predictive models also took CRP into consideration (25, 26)
consistent with the current study. Total leukocyte count has
traditionally been considered a hallmark of infection and
inflammation (27). Our laboratory study suggested WBCs was
an independent early predictor in diagnosing intestinal resection
in pediatric intussusception suspecting intestinal necrosis
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(OR=1.110; 95% CI, 1.048-1.176; p=0.002) and significantly
higher in intestinal resection than non-intestinal resection, which
was probably related to the prolongation of intestinal damage with
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FIGURE 1
The nomogram for predictors of intestinal resection in children with
intussusception after failed air-enema reduction.
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FIGURE 2
ROC of the established model in the training set (A) and validation set (B) ROC, receiver operation characteristic; AUC, area under the curve.

massive leukocyte releasing into the bloodstream. Coherent with the
observations we made, Chen et al. (24) concluded WBCs increased
more in severe intestinal obstruction than less severe cases. A study
conducted on childhood intussusception after surgery also came to
the same conclusion that CRP and WBCs levels were higher in
patients who underwent bowel resection than those who
underwent manual surgical reduction merely (25). Wu et al. (11)
study showed that WBCs level was higher in bowel resection than
non-bowel resection, although the difference was not statistically

significant due to small sample size. Delgado-Miguel et al. (28)
found neutrophils-to-lymphocytes (NLR) a useful indicator of
surgery intervention (AUC =0.925, sensibility: 73.2%, specificity:
94.5%) and was higher in surgery group than non-surgery group,
while no significantly differences were found about neutrophils
and lymphocytes in our study which may related with different
inclusion criteria and basis for grouping. However, they came to
similar conclusions about CRP as we did which indicating CRP
may be a sensitive indictor.
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Calibration curve of the model in the training set (A) and validation set (B) the Y-axis represents the actual intestinal resection rate and the X-axis
represents the predicted risk of intestinal resection in pediatric intussusception. The dashed line represents a perfect prediction by an ideal model.
The solid line (bias-corrected) represents the bootstrap-corrected performance of our nomogram, and the dotted line (apparent) represents the
apparent accuracy of the nomogram

Frontiers in Pediatrics 07 frontiersin.org


https://doi.org/10.3389/fped.2024.1409046
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Yu et al. 10.3389/fped.2024.1409046
A B
<n <.
- — Nomogram model — — Nomogram model
;‘E w All ;-'E - All
5 3] — None 5 3] — None
==} /M
s K=} g K=}
Z = z 3
= =
Q D
i i
< T <
z° s
= =
= =
gl & o
n o wn o
N AN s
< <
— N — N[
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
High Risk Threshold High Risk Threshold
1:100 1:4 2:3 3:2 4:1 100:1 1:100 1:4 2:3 32 41 100:1
Cost:Benefit Ratio Cost:Benefit Ratio
FIGURE 4
Decision curve analysis (DCA) for the predictive model in the training set (A) and validation set (B) the Y-axis is the standardized net benefit and
the X-axis denotes the threshold of intestinal resection in pediatric intussusception. The red line represents the predictive model. The application
of this predictive model would add net benefit compared with either the treat-all or the treat-none strategies

Inflammation is widely regarded as a regulator of coagulation and
fibrinolytic activity. As the terminal products of fibrin degradation, D-
dimer increases in vivo during a hypercoagulable state and secondary
hyperfibrinolysis, including disseminated intravascular coagulation
(DIC), acute ischemic stroke, or acute venous thromboembolism,
etc. (29, 30). The association between higher D-dimer level and
intestinal ischemia has been reported previously (26, 29, 31). Our
study likewise demonstrated that D-dimer had a significant positive
correlation with intestinal resection (OR=1.128; 95% CI, 1.005-
1.267; p=0.040) in univariable analysis, whereas no significant
difference was observed in the multivariate analysis. Thus, we got it
rid of our model.

Ultrasound is the primary imaging modality used to diagnose
intussusception, with a sensitivity of 98%-100%, a specificity of
88%-100%, and a negative predictive value of 100% (2, 32, 33).
Besides the essentiality of diagnosis, ultrasonography also
provides important elements in the therapeutic choice of non-
surgical or surgical reduction. Absence of vascular signs on
color-Doppler and trapped fluid between involved bowels
highlight the necessity of surgery (2). It was reported that the
occurrence of fluid retention between the intussuscepted bowel
segments strongly correlated with bowel ischemia, with a
sensitivity 80%-100%, a specificity of 75%-92% (34, 35), while
the presence of free intraperitoneal fluid did not essentially
indicate the existence of complications such as peritonitis, and
intestinal necrosis or perforation (2). Hosokawa et al. (36) also
showed echogenic ascites was associated with surgical
interventions in intestinal twist. And in our study, ascites
detected by abdominal ultrasound is one of the independent
predictors of intestinal necrosis in intussusception which may

attribute to intestinal wall venous and lymphatic congestion
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resulting from intestinal wall compression after prolonged
intussusception (3, 34).

However, our study had some limitations. First, it was a
retrospective, observational study, so the accuracy of medical
records could not be assessed. Second, the sample size was
with
failure were screened, which limited the generalizability and

relatively small, and exclusively patients air-enema
representativeness of the conclusions to some extent. Further long-

term, prospective studies with large samples are urgently needed.

5 Conclusion

In conclusion, we developed a nomogram on the basis of

clinical risk factors for intestinal resection in pediatric
intussusception suspecting intestinal necrosis. This nomogram
can be conveniently employed to facilitate preoperative decision-

making for pediatric intussusception.
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