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Purpose: Establish and validate a nomogram to help predict the preoperative risk of a
pathological intussusception.

Methods: A primary cohort of patients who underwent surgery for an intussusception
were enrolled from one center, while a validation cohort consisted of patients from
another center. Multivariate logistic regression analysis was used to identify the variables
to build the nomogram. A calibration curve accompanied by the Hosmer-Lemeshow
test was used to assess the calibration of the nomogram. To quantify the discrimination
of the nomogram, Harrell’s C-index was calculated. The performance of the validated
nomogram was tested in the external validation cohort. The logistic regression formulae
created during the analysis of the primary cohort was applied to all patients in the
external validation cohort, and the total points for each patient were calculated.

Results: The primary cohort consisted of 368 patients and the validation cohort
included 74. The LASSO logistic algorithm identified three (recurrence episodes, mass
size, and infection history) out of 11 potential clinical variables as significantly predictive
of a pathologic intussusception. The C-index for the predictive nomogram was 0.922
(95% CI, 0.885–0.959) for the primary cohort and 0.886 (95% CI, 0.809–0.962) for the
validation cohort. The decision curve showed that if the threshold probability of a patient
in the validation cohort was > 7%, then the nomogram was more beneficial than either
indiscriminately treating all or none of the patients.

Conclusion: We developed a nomogram based on clinical risk factors that could
be used to individually predict pathological intussusceptions in children prior to
surgical intervention.
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INTRODUCTION

Intussusception is one of the most common causes of an acute
abdomen in the pediatric emergency clinic and is the leading
cause of acute bowel obstruction in infants and young children
(1–3). In general, most intussusceptions can be categorized as
primary or idiopathic, with thickened bowel wall lymphoid tissue
(Peyer patches) acting as the lead point. Approximately 5–12%
of intussusceptions are pathological, which usually present with
different symptoms and are caused by conditions such as Meckel’s
diverticula (4), intestinal polyps (5, 6), intestinal duplication (7),
allergic purpura (8) and some rare digestive tract malignant
tumors (9, 10).

Although diagnosing an intussusception is relatively easy, an
expanded differential diagnosis in the setting of a pathological
intussusception remains a challenge for most pediatricians,
radiologists and pediatric surgeons. The initial management of
an intussusception in most cases is non-surgical reduction via
air or barium enema. Operative reduction is only needed when
there is suspicion of bowel necrosis and perforation or non-
surgical reduction fails. When a pathological intussusception is
caused by pathologic lead points (PLPs), surgical treatment is
ultimately required. Surgery should not be delayed in children
in the setting of a difficult or doubtful pneumatic reduction,
especially in older children. Timely diagnosis and treatment
of intussusception avoids serious complications such as bowel
necrosis, perforation, and death (11, 12).

Doctors usually order an ultrasound or CT scan when
PLPs are suspected in patients with intussusceptions, but these
have low sensitivity and specificity (13, 14). If a pathological
intussusception could be diagnosed and treated earlier using
advanced diagnostic capabilities, discomfort caused by repeated
enemas would be avoided and prognosis would improve
(15, 16). There exists a need to establish a more accurate,
non-invasive and reusable diagnostic model for diagnosing
pathological intussusceptions. Several models that have already
been established are not perfect, and few focus specifically on
the risk factors for a pathological intussusception. The aim of
this study was to develop and validate a diagnostic nomogram
based on the clinical and pathologic risk factors for individual
pre-operative risk prediction.

PATIENTS AND METHODS

Patients and Study Design
A retrospective study was conducted on a primary cohort of
patients who underwent surgery for intussusception between
January 2015 and December 2019 at the Department of General
Surgery at Shanghai Children’s Hospital. A total of 368 patients
with intussusceptions were enrolled in this study. These patients
formed the primary cohort. Inclusion criteria were patients with
intussusceptions that were treated with surgery after three failed
air enema reductions. Neonatal intussusceptions, postoperative
intussusceptions and patients with successful air enemas were
excluded. Using the same inclusion and exclusion criteria,
the external validation cohort consisted of 74 patients who

underwent surgery for intussusceptions at Wuhan Children’s
Hospital between January 2018 and December 2019.

Most of the cases in our study were diagnosed on abdominal
ultrasound, the gold standard for intussusception diagnosis,
while a few patients were diagnosed with computed tomography
(CT) and air enemas because ultrasound was not available.
Patients who were successfully treated via air enema reduction
were discharged from the hospital. If the air enema reduction
did not succeed after three attempts, patients were admitted
for immediate surgery. Recurrent intussusceptions were defined
as intussusceptions that recurred within 12 h of a successful
air enema reduction. Multiple-recurrent intussusceptions were
defined as cases that recurred at least twice after air enema
reduction or surgery, with episodes defined as the number
of times that the intussusception recurred after air enema
reduction or surgery.

The ultimate diagnosis of a pathological intussusception
was made by the pathologist based on post-operative
histopathological findings. Clinical and pathological data
were collected, including gender, age, weight, abdominal pain
time, season, vomiting, episode times, mass length, bloody stools,
and infection history. Mass length was defined as that measured
on ultrasound or the largest length on axial CT cuts. Infection
history included respiratory and digestive symptoms in the
preceding week, such as coughing, rhinorrhea, and diarrhea. All
information was obtained at the time of the first reduction by
air enema or surgery. Each case was followed for 1 year from the
time of the first intussusception.

Development of the Nomogram
Multivariable logistic regression analysis began with the following
clinical candidate predictors: gender, age, weight, abdominal pain
time, season, vomiting, episode times, mass length, bloody stool,
and the infection history. A backward step-wise regression was
applied using the likelihood ratio test with Akaike’s information
criterion as the stopping rule (17, 18). To provide an easy and
personalized quantitative tool for predict the probability of a
pathological intussusception we built the nomogram based on
variable that were statistically significant in the multivariate
logistic model in the primary cohort.

Apparent performance of the nomogram in the primary
cohort calibration curve was plotted to assess the calibration of
the nomogram and the Hosmer-Lemeshow test was performed
(a significant test statistic implies that the model does
not calibrate perfectly) (19). To quantify the discriminatory
performance of the nomogram, Harrell’s C-index was measured.
To correct overfitting bias, a corrected C-index was calculated
using bootstrapping validation (1000 bootstrap resamples) in
the primary cohort.

Validation of the Nomogram
The performance of the validated nomogram was tested in
the external validation cohort. The logistic regression formula
formed in the primary cohort was applied to all of the patients
in the external validation cohort, with total points calculated
for each patient. Logistic regression in this cohort was then

Frontiers in Pediatrics | www.frontiersin.org 2 July 2022 | Volume 10 | Article 877358

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pediatrics#articles


fped-10-877358 July 12, 2022 Time: 16:9 # 3

Ting et al. Nomogram Predicting Pathological Intussusceptions

performed using total points as a factor. Finally, C-index and
calibration curve were derived from the regression analysis.

Clinical Use
The clinical usefulness of the nomogram was evaluated by
quantifying its net benefits at different threshold probabilities
in the validation cohort using decision curve analysis (20,
21). True positive (TPR) and false positive rates (FPR) were
also calculated in the validation cohort at different threshold
probabilities. The corrected number of positive patients identified
with the nomogram and the number of actually positive patients
were calculated using bootstrapping validation (1000 bootstrap
resamples) in the validation cohort.

Statistical Analysis
Statistical analysis was performed with R software (version 3.5.0,
R Foundation for Statistical Computing), with P-values less than
0.05 considered statistically significant. Normally distributed data
were expressed as mean ± SD, and non-normally distributed
data were expressed as median (Q1, Q3). Categorical data were
expressed as a number and percentage and compared using
the Chi-square or Fisher’s Exact tests. Continuous data were
compared using Student’s t-test or Wilcoxon’s rank test.

The most meaningful clinical characteristics in the prediction
of a pathological intussusception were selected by least absolute
shrinkage and selection operator (LASSO) analysis. Identification
of independent clinical characteristics that were predictive of a
pathological intussusception was performed using multivariate
logistic regression analysis, permitting the creation of a
predictive model. A nomogram containing those predictive
factors was also assessed for its calibration, discrimination, and
clinical usefulness.

RESULTS

Clinical Characteristics
The incidence of a pathological intussusception was 19.3%
(71/368) and 20.3% (15/74) in the primary and validation
cohorts, respectively. There were no significant differences
between the two cohorts in recurrent intussusceptions (P = 0.841)
or clinical characteristics. The characteristics of all of the cases in
the primary and validation cohorts are shown in Table 1. Age,
weight, episode time, mass length and infection history were all
positively correlated with a pathological intussusception in both
the primary and validation cohorts (Table 2). The main types of
PLPs were benign polyps (n = 25), Meckel’s diverticula (n = 21)
and duplication cysts (n = 9) in the primary cohort. All PLP types
are shown in Table 3.

Independent Prognostic Factors in the
Primary Cohort
Three out of the 11 clinical candidate predictors were used to
develop the nomogram (Figure 1). The results of the univariate
and multivariate analyses are listed in Table 4. Multivariate
analysis demonstrated that episode time, mass length and

TABLE 1 | Demographics and clinicopathologic characteristics of children with
intussusceptions.

Demographics or
characteristic

Primary cohort
n = 368

Validation cohort
n = 74

P-value

Sex, n (%) 0.563

Male 251 (68.2) 53 (71.6)

Female 117 (31.8) 21 (28.4)

Age (months) 0.193

Median 11 12

Inter-quartile range 7–34 8–36

Weight (kg) 0.227

Median 11 12

Inter-quartile range 8–15 8–16

Pain time (h) 0.096

Median 8 9

Inter-quartile range 6–11 7–12

Season, n (%) 0.931

Spr/Aut 191 (51.9) 38 (51.4)

Sum/Win 177 (48.1) 36 (48.6)

Vomiting, n (%) 0.158

Yes 317 (86.1) 59 (79.7)

No 51 (13.9) 15 (20.3)

Times 0.123

Median 1 1

Inter-quartile range 1–2 1–2

Length of mass, n (%) 0.325

≥ 8 cm 94 (25.5) 23 (31.1)

< 8 cm 274 (74.5) 51 (68.9)

Bloody stool, n (%) 0.889

Yes 222 (60.3) 44 (59.5)

No 146 (39.7) 30 (40.5)

Infection, n (%) 0.113

Yes 249 (67.7) 43 (58.1)

No 119 (32.3) 31 (41.9)

Type, n (%) 0.841

Primary 297 (80.7) 59 (69.7)

Pathological 71 (19.3) 15 (20.3)

infection history were independent risk factors for a pathological
intussusception.

Development of an Individualized
Prediction Model
A logistic regression analysis identified episode time, mass length,
and infection history as independent predictors of a pathological
intussusception (Table 2). A model that incorporated the above
independent risk factors was developed and presented as the
nomogram (Figure 2).

Apparent Performance of the Nomogram
in the Primary Cohort
The C-index for the prediction nomogram was 0.922 (95%
CI, 0.885–0.959) in the primary cohort. The calibration
curve demonstrated a good agreement between prediction and
observation in the training cohort. The Hosmer–Lemeshow test
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TABLE 2 | Demographics and clinicopathologic characteristics of children in the primary and validation cohorts.

Demographics or
Characteristic

Primary cohort Validation cohort

Pri (297) Pat (71) P-value Pri (59) Pat (15) P-value

Sex, n (%) 0.904 0.421

Male 203 (68.4) 48 (67.6) 41 (69.5) 12 (80.0)

Female 94 (31.6) 23 (32.4) 18 (30.5) 3 (20.0)

Age (months) <0.001 0.001

Median 9 42 12 55

Inter-quartile 7–21 12–75 8–23 12–84

Weight (kg) <0.001 0.002

Median 9 17 11 18

Inter-quartile 8–13 11–22 8–13 11–24

Pain time (h) 0.455 0.142

Median 8 9 9 10

Inter-quartile 6–10 7–11 7–11 8–14

Season, n (%) 0.309 0.453

Spr/Aut 158 (53.2) 33 (46.5) 29 (49.2) 9 (60.0)

Sum/Win 139 (46.8) 38 (53.5) 30 (50.8) 6 (40.0)

Vomiting, n (%) 0.657 0.357

Yes 257 (86.5) 60 (84.5) 48 (81.4) 11 (73.3)

No 40 (13.5) 11 (15.5) 11 (18.6) 4 (26.7)

Times <0.001 <0.001

Median 1 3 1 3

Inter-quartile 1–1 3–4 1–2 3–4

Mass size, n (%) <0.001 0.001

≥ 8 cm 41 (13.8) 53 (74.6) 13 (22.0) 10 (66.7)

< 8 cm 256 (86.2) 18 (25.4) 46 (78.0) 5 (33.3)

Bloody stool, n (%) 0.261 0.588

Yes 175 (58.9) 47 (69.0) 36 (61.0) 8 (53.3)

No 122 (41.1) 24 (31.0) 23 (39.0) 7 (46.7)

Infection, n (%) <0.001 0.001

Yes 243 (81.8) 6 (8.5) 40 (67.8) 3 (20.0)

No 54 (18.2) 65 (91.5) 19 (32.2) 12 (80.0)

found no statistical significance in the training cohort (P = 0.366),
which suggested that there was no departure from a perfect fit.

Validation of the Nomogram
Good calibration was observed for the probability of a
pathological intussusception in the validation cohort using
the nomogram. The Hosmer-Lemeshow test yielded a non-
significant statistic (P = 0.591), And the C-index of the
nomogram for the prediction of a pathological intussusception
was 0.886 (95% CI, 0.809–0.962).

Clinical Use
The decision curve analysis (DCA) for the nomogram was
underwent by the R software. The decision curve showed that
if the threshold probability of a patient in the validation cohort
was > 7%, using the nomogram to predict a pathological
intussusception added more benefit than either treat-all or treat-
none strategies. Clinical impact curves were plotted and validated
using the validation cohort. The curves demonstrated that a
threshold probability of patients in the validation cohort of > 7%
yielded good agreement between the number of positive patients
labeled by the nomogram and the number of actually positive

patients. TPR and FPR were satisfied by the nomogram in
the prediction of a pathological intussusception at different
threshold probabilities.

DISCUSSION

Here we developed and validated an effective preoperative
nomogram that used clinicopathologic risk factors
to predict a pathological intussusception in children.

TABLE 3 | Pathology of patients with intussusceptions in the primary cohort.

Pathology No. of patients

Polyps 25

Meckel’s diverticulum 21

Intestinal duplications 9

Lymphomas 6

Adenomas 3

Allergic purpura 4

Heterotopic pancreas 2

Adenomyomas 1
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FIGURE 1 | Variable selection using the least absolute shrinkage and selection operator (LASSO) binary logistic regression model. (A) LASSO coefficient profiles,
displaying 11 variables. A coefficient profile plot was produced against the log (lambda) sequence. Each colored line represents the coefficient of an individual
feature. (B) Tuning parameter (log lambda) selection in the LASSO model used tenfold cross-validation via minimum criteria. Vertical dotted lines were drawn at the
selected λ values. LASSO, Least Absolute Shrinkage and Selection Operator.
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TABLE 4 | Logistic analysis of the primary cohort.

Variable Univariate analysis Multivariate analysis

HR (95% CI) P HR (95% CI) P

Sex 1.035 (0.595–1.801) 0.904 0.905 (0.199–4.124) 0.898

Age (months) 1.037 (1.026–1.047) 0.000 1.049 (0.898–1.225) 0.549

Weight (kg) 1.167 (1.115–1.221) 0.000 0.825 (0.385–1.769) 0.622

Pain time (h) 1.021 (0.967–1.077) 0.455 1.091 (0.895–1.330) 0.389

Season 1.309 (0.779–2.200) 0.309 2.205 (0.443–10.967) 0.334

Vomiting 1.178 (0.571–2.430) 0.657 0.758 (0.097–5.945) 0.792

Times 13.173 (7.588–22.868) 0.000 17.209 (5.712–51.846) <0.001

Length of mass 18.385 (9.810–34.456) 0.000 40.891 (5.572–300.074) <0.001

Bloody stool 1.365 (0.793–2.351) 0.261 2.568 (0.368–17.907) 0.341

Infection 0.021 (0.008–0.050) 0.000 0.041 (0.008–0.195) <0.001

FIGURE 2 | Nomograms for predicting the risk of a pathological intussusception.

Episode time, mass length and the infection history were
incorporated into the nomogram based on data from
a relatively large database derived from two different
hospitals. The novel nomogram is a non-invasive,
easy-to-use preoperative tool to predict a pathological
intussusception in children with intussusceptions that
may reduce the need for air enemas or the need for

additional radiological examinations. Though some of the
cases underwent diagnostic CT scans in our study, we
strongly recommend that a diagnostic air enema would
have been a better choice due to higher risk of the radiation
from the CT scan.

Our results suggest that episode time was an independent
risk factor for pathological intussusceptions in children. Prior
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studies have reported a relationship between pathological
intussusceptions and recurrent intussusceptions, as more
than 3 recurrences makes a pathological intussusception
highly likely (22, 23). Intussusception secondary to PLPs
tended to recur frequently. The overall recurrence rate
of all intussusception cases was extremely variable and
depended on the series, ranging from 2 to 20% (23–26).
Lin et al. (15) reported that 78.5% (51/65) of patients with
intussusceptions secondary to PLPs recurred after their
first episode. Among the 65 pathological intussusception
patients in their work, 51 recurred after a successful reduction
(21 with one recurrence, 14 with two, 10 with three, and
6 with more than three). Chen et al. (22) reported an
overall recurrence rate of 20.0%, and the proportion of
PLPs in recurrence group was higher than in the non-
recurrence group (2.2% and 1.2%, P = 0.005). Univariate
and multiple logistic regression analyses confirmed that
PLPs were predictive of the intussusception recurrence in
children (27), which was similar to our results. Furthermore,
multiple authors (12, 28) emphasized that the presence of
PLPs should always be considered in children with recurrent
intussusceptions.

Zhang et al. (13) in their analysis of 37 cases of
pathological intussusception reported that the length of
the intussusception was significantly longer in pathological
intussusceptions than in primary intussusceptions (P = 0.042),
which could be explained by the existence of PLPs in
pathological intussusceptions. Due to the presence of
PLPs, the proximal retracted small bowel (intussusceptum)
carries the mesentery into the distal bowel tract (sheath),
so pathological intussusceptions would involve a longer
length of bowel. We found in the present work that patients
with pathological intussusceptions more commonly had
intussusception lengths ≥ 8 cm compared with those with
primary intussusceptions.

Multiple logistic regression analysis in our study confirmed
that a history of infection, defined as symptoms and signs of
fever, coughing, rhinorrhea, and diarrhea, was significantly less
common in patients with pathological intussusceptions than
primary intussusceptions. A history of infection was found
to be an independent negative predictor of a pathological
intussusception in children. Lee et al. (29) reported that
a history of infection was significantly more common in
non-recurrent (72/114, 63.2%) than recurrent (5/23, 21.7%)
intussusceptions (P < 0.001). Park et al. (30) found that
the incidence of pediatric intussusceptions decreased after
the COVID-19 pandemic. That decreased incidence may
be related to the reduced circulation of communicable
diseases. However, the proportion of patients with more
severe intussusceptions and PLPs rose (2/87 and 4/27). All
of those findings are consistent with ours, fewer incidences
of history of infection in pathological intussusception
than in primary.

Our multivariate analysis showed that age was not a strong
independent predictor of a pathological intussusception, which
makes the exclusion of this variable a common strategy for model
development. However, the rejection of potentially important

predictors may be the result of nuances in the data set
or confounding by other predictors (17). A non-significant
statistical association with pathological intussusception therefore
does not definitively imply that age is not predictive of
this pathology. Zhang et al. (13) reported that the age of
patients with pathological intussusceptions was older than
those with primary intussusception. Lin et al. (15) further
found that those patients older than 2 years of age, especially
between 2 and 5 years of age, were more likely to have
a pathological intussusception. Blakelock and Beasley (31)
reported that 60% of PLPs occurred in children aged 5–14
years. Our nomogram that excluded age as a clinical risk
factor demonstrated adequate discrimination in the primary
cohort (C-index, 0.922), although it deteriorated in the
validation cohort (C-index, 0.886). Given that the incidence
of pathological intussusceptions was comparable between the
two cohorts, even the reduced discrimination suggests that our
nomogram is highly predictive and could be applied directly to
validation cohorts.

Pathological intussusception with malignant tumors as
their pathologic lead points are rare and mostly caused
by Burkitt’s lymphoma (32, 33) in children. Only 6 out of
368 patients in our study had lymphoma. Their disease
was limited to the area of the intussusception and was
completely resected. However, prior works noted that some
patients with stage III or IV disease could only undergo
an incomplete surgical resection of their intussusception
followed by additional chemotherapy, and had poor prognoses
(33). Early diagnosis and treatment are therefore of great
importance. We hope that the nomogram developed
in the present study may allow these patients to have
better outcomes.

Decision curve analysis was used to justify the clinical
usefulness of our nomogram. Clinical impact curves showed
that if the threshold probability of the is > 7%, there is good
agreement between the number of positive patients by the
nomogram and that of actually positive patients.

There are several limitations to this study. First, the
nomogram was established based on data obtained from a
single institution in China. Second, all data were collected
retrospectively and bias therefore could not be avoided.
Further prospective studies are needed to validate our
model. Lastly, the universality of the nomogram for all
intussusception patients remains unknown because some of
the patients who had successful air enema reductions were
excluded from this study. Further prospective analyses
are required to validate our model in all patients with
intussusceptions.

CONCLUSION

In conclusion, we developed a nomogram based on clinical risk
factors for a pathological intussusception. This nomogram can be
conveniently used to facilitate pre-operative decision-making for
children with intussusceptions.

Frontiers in Pediatrics | www.frontiersin.org 7 July 2022 | Volume 10 | Article 877358

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pediatrics#articles


fped-10-877358 July 12, 2022 Time: 16:9 # 8

Ting et al. Nomogram Predicting Pathological Intussusceptions

DATA AVAILABILITY STATEMENT

The original contributions presented in this study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Shanghai Children’s
Hospital (2018R055). Written informed consent to participate

in this study was provided by the participants’ legal
guardian.

AUTHOR CONTRIBUTIONS

YG and LZ: conception and design. XT and DX: administrative
support and collection and assembly of data. XT, DX, and XW:
provision of study materials. XT, YG, and LJ: data analysis
and interpretation. All authors listed have made a substantial,
direct, and intellectual contribution to the work, approved it for
publication, and wrote the manuscript.

REFERENCES
1. Yao XM, Chen ZL, Shen DL, Zhou QS, Huang SS, Cai ZR, et al. Risk factors

for pediatric intussusception complicated by loss of intestine viability in China
from june 2009 to may 2014: a retrospective study. Pediatr Surg Int. (2015)
31:163–6. doi: 10.1007/s00383-014-3653-0

2. Takahashi T, Miyano G, Kayano H, Lane GJ, Arakawa A, Yamataka A. A child
with colo-colonic intussusception due to a large colonic polyp: case report and
literature review. Afr J Paediatr Surg. (2014) 11:261–3. doi: 10.4103/0189-6725.
137338

3. Wong CW, Jin S, Chen J, Tam PK, Wong KK. Predictors for bowel
resection and the presence of a pathological lead point for operated childhood
intussusception: a multi-center study. J Pediatr Surg. (2016) 51:1998–2000.
doi: 10.1016/j.jpedsurg.2016.09.033

4. Badour M, Hammed A, Baqla S. Lethargy as an initial symptom of
intussusception secondary to Meckel’s diverticulum in a 2.5 year-old girl: case
report. Ann Med Surg (Lond). (2021) 68:102562. doi: 10.1016/j.amsu.2021.
102562

5. Pham HD, Nguyen THT, Tran TQ, Bui VG. Multidetector computed
tomography findings of acute abdominal intussusception due to peutz-jeghers
syndrome. Cureus. (2021) 13:e16401. doi: 10.7759/cureus.16401

6. Jacob S, Lee T, Yuen L. Rare case of small bowel intussusception secondary
to an inflammatory fibroid polyp (Vanek’s tumour). ANZ J Surg. (2021)
91:E673–4. doi: 10.1111/ans.16709

7. Daniel NE, Rampersad FS, Naraynsingh V, Barrow S, David S. Jejunal
intussusception due to heterotopic pancreas: a case report. Cureus. (2021)
13:e14586. doi: 10.7759/cureus.14586

8. Zhao Q, Yang Y, He SW, Wang XT, Liu C. Risk factors for intussusception in
children with henoch-schonlein purpura: a case-control study. World J Clin
Cases. (2021) 9:6244–53. doi: 10.12998/wjcc.v9.i22.6244

9. Cibulas MA, Carrillo EH, Lee SK, Rosenthal AA. Jejuno-jejunal
intussusception secondary to recurrent/metastatic melanoma. Am Surg.
(2022) 88:1024–5. doi: 10.1177/00031348211054552

10. Thibodeau R, Jafroodifar A, Bakrukov D, Alkukhun L, Mirchia K, Majmudar
A, et al. Intussusception secondary to signet ring cell adenocarcinoma in
adolescent. Radiol Case Rep. (2021) 16:1198–203. doi: 10.1016/j.radcr.2021.
02.027

11. Somme S, To T, Langer JC. Factors determining the need for operative
reduction in children with intussusception: a population-based
study. J Pediatr Surg. (2006) 41:1014–9. doi: 10.1016/j.jpedsurg.2005.
12.047

12. Kim PH, Hwang J, Yoon HM, Lee JY, Jung AY, Lee JS, et al. Predictors of
failed enema reduction in children with intussusception: a systematic review
and meta-analysis. Eur Radiol. (2021) 31:8081–97. doi: 10.1007/s00330-021-
07935-5

13. Zhang Y, Dong Q, Li SX, Ren WD, Shi B, Bai YZ, et al. Clinical and
ultrasonographic features of secondary intussusception in children. Eur
Radiol. (2016) 26:4329–38. doi: 10.1007/s00330-016-4299-1

14. Tan HL, Koh YX, Taufik M, Lye WK, Goh BKP, Ong HSA. Clinical scoring
system to predict the clinical sequelae of computed tomography diagnosed

intussusception. World J Surg. (2018) 42:682–7. doi: 10.1007/s00268-017-
4196-z

15. Lin XK, Xia QZ, Huang XZ, Han YJ, He GR, Zheng N. Clinical characteristics
of intussusception secondary to pathologic lead points in children: a single-
center experience with 65 cases. Pediatr Surg Int. (2017) 33:793–7. doi: 10.
1007/s00383-017-4101-8

16. Zhao L, Feng S, Wu P, Lai XH, Lv C, Chen G. Clinical characteristics and
surgical outcome in children with intussusceptions secondary to pathologic
lead points: retrospective study in a single institution. Pediatr Surg Int. (2019)
35:807–11. doi: 10.1007/s00383-019-04471-8

17. Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent reporting
of a multivariable prediction model for individual prognosis or diagnosis
(tripod): the tripod statement. BMJ. (2015) 350:g7594. doi: 10.1136/bmj.g
7594

18. Sauerbrei W, Boulesteix AL, Binder H. Stability investigations of multivariable
regression models derived from low– and high-dimensional data. J Biopharm
Stat. (2011) 21:1206–31. doi: 10.1080/10543406.2011.629890

19. Kramer AA, Zimmerman JE. Assessing the calibration of mortality
benchmarks in critical care: the hosmer-lemeshow test revisited. Crit Care
Med. (2007) 35:2052–6. doi: 10.1097/01.CCM.0000275267.64078.B0

20. Vickers AJ, Cronin AM, Elkin EB, Gonen M. Extensions to decision curve
analysis, a novel method for evaluating diagnostic tests, prediction models and
molecular markers. BMC Med Inform Decis Mak. (2008) 8:53. doi: 10.1186/
1472-6947-8-53

21. Sun C, Yan S, Jiang K, Wang C, Dong X. A preliminary nomogram constructed
for early diagnosis of bronchitis obliterans in children with severe pneumonia.
Transl Pediatr. (2021) 10:485–93. doi: 10.21037/tp-20-272

22. Chen X, Chen Q, Wang X, Gao Z. Clinical characteristics of recurrent
intussusception: a single-center retrospective study. J Pediatr Surg. (2021)
56:1831–4. doi: 10.1016/j.jpedsurg.2021.03.051

23. Hsu WL, Lee HC, Yeung CY, Chan WT, Jiang CB, Sheu JC, et al. Recurrent
intussusception: when should surgical intervention be performed?
Pediatr Neonatol. (2012) 53:300–3. doi: 10.1016/j.pedneo.2012.07.
004

24. Ksia A, Mosbahi S, Brahim MB, Sahnoun L, Haggui B, Youssef SB, et al.
Recurrent intussusception in children and infants. Afr J Paediatr Surg. (2013)
10:299–301. doi: 10.4103/0189-6725.125414

25. Esmaeili-Dooki MR, Moslemi L, Hadipoor A, Osia S, Fatemi SA. Pediatric
intussusception in northern Iran: comparison of recurrent with non-recurrent
cases. Iran J Pediatr. (2016) 26:e3898. doi: 10.5812/ijp.3898

26. Niramis R, Watanatittan S, Kruatrachue A, Anuntkosol M, Buranakitjaroen
V, Rattanasuwan T, et al. Management of recurrent intussusception: non-
operative or operative reduction? J Pediatr Surg. (2010) 45:2175–80. doi: 10.
1016/j.jpedsurg.2010.07.029

27. Guo WL, Hu ZC, Tan YL, Sheng M, Wang J. Risk factors for recurrent
intussusception in children: a retrospective cohort study. BMJ Open. (2017)
7:e018604. doi: 10.1136/bmjopen-2017-018604

28. Daneman A, Alton DJ, Lobo E, Gravett J, Kim P, Ein SH. Patterns of recurrence
of intussusception in children: a 17-year review. Pediatr Radiol. (1998) 28:913–
9. doi: 10.1007/s002470050497

Frontiers in Pediatrics | www.frontiersin.org 8 July 2022 | Volume 10 | Article 877358

https://doi.org/10.1007/s00383-014-3653-0
https://doi.org/10.4103/0189-6725.137338
https://doi.org/10.4103/0189-6725.137338
https://doi.org/10.1016/j.jpedsurg.2016.09.033
https://doi.org/10.1016/j.amsu.2021.102562
https://doi.org/10.1016/j.amsu.2021.102562
https://doi.org/10.7759/cureus.16401
https://doi.org/10.1111/ans.16709
https://doi.org/10.7759/cureus.14586
https://doi.org/10.12998/wjcc.v9.i22.6244
https://doi.org/10.1177/00031348211054552
https://doi.org/10.1016/j.radcr.2021.02.027
https://doi.org/10.1016/j.radcr.2021.02.027
https://doi.org/10.1016/j.jpedsurg.2005.12.047
https://doi.org/10.1016/j.jpedsurg.2005.12.047
https://doi.org/10.1007/s00330-021-07935-5
https://doi.org/10.1007/s00330-021-07935-5
https://doi.org/10.1007/s00330-016-4299-1
https://doi.org/10.1007/s00268-017-4196-z
https://doi.org/10.1007/s00268-017-4196-z
https://doi.org/10.1007/s00383-017-4101-8
https://doi.org/10.1007/s00383-017-4101-8
https://doi.org/10.1007/s00383-019-04471-8
https://doi.org/10.1136/bmj.g7594
https://doi.org/10.1136/bmj.g7594
https://doi.org/10.1080/10543406.2011.629890
https://doi.org/10.1097/01.CCM.0000275267.64078.B0
https://doi.org/10.1186/1472-6947-8-53
https://doi.org/10.1186/1472-6947-8-53
https://doi.org/10.21037/tp-20-272
https://doi.org/10.1016/j.jpedsurg.2021.03.051
https://doi.org/10.1016/j.pedneo.2012.07.004
https://doi.org/10.1016/j.pedneo.2012.07.004
https://doi.org/10.4103/0189-6725.125414
https://doi.org/10.5812/ijp.3898
https://doi.org/10.1016/j.jpedsurg.2010.07.029
https://doi.org/10.1016/j.jpedsurg.2010.07.029
https://doi.org/10.1136/bmjopen-2017-018604
https://doi.org/10.1007/s002470050497
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pediatrics#articles


fped-10-877358 July 12, 2022 Time: 16:9 # 9

Ting et al. Nomogram Predicting Pathological Intussusceptions

29. Lee DH, Kim SJ, Lee HJ, Jang HJ. Identifying predictive factors for the
recurrence of pediatric intussusception. Pediatr Gastroenterol Hepatol Nutr.
(2019) 22:142–51. doi: 10.5223/pghn.2019.22.2.142

30. Park JS, Byun YH, Choi SJ, Lee JS, Ryu JM, Lee JY. Decreased incidence of
pediatric intussusception during covid-19. Children (Basel). (2021) 8:1072.
doi: 10.3390/children8111072

31. Blakelock RT, Beasley SW. The clinical implications of non-idiopathic
intussusception. Pediatr Surg Int. (1998) 14:163–7. doi: 10.1007/
s003830050475

32. England RJ, Pillay K, Davidson A, Numanoglu A, Millar AJ. Intussusception
as a presenting feature of burkitt lymphoma: implications for management
and outcome. Pediatr Surg Int. (2012) 28:267–70. doi: 10.1007/s00383-011-29
82-5

33. Gupta H, Davidoff AM, Pui CH, Shochat SJ, Sandlund JT. Clinical implications
and surgical management of intussusception in pediatric patients with burkitt
lymphoma. J Pediatr Surg. (2007) 42:998–1001; discussion1001. doi: 10.1016/
j.jpedsurg.2007.01.033

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.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated 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.

Copyright © 2022 Ting, Xufei, Jiangbin, Weijue, Zhibao and Guogang. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pediatrics | www.frontiersin.org 9 July 2022 | Volume 10 | Article 877358

https://doi.org/10.5223/pghn.2019.22.2.142
https://doi.org/10.3390/children8111072
https://doi.org/10.1007/s003830050475
https://doi.org/10.1007/s003830050475
https://doi.org/10.1007/s00383-011-2982-5
https://doi.org/10.1007/s00383-011-2982-5
https://doi.org/10.1016/j.jpedsurg.2007.01.033
https://doi.org/10.1016/j.jpedsurg.2007.01.033
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/
https://www.frontiersin.org/journals/pediatrics#articles

	Development and Validation of a Nomogram for Predicting Pathological Intussusceptions in Children Prior to Surgical Intervention
	Introduction
	Patients and Methods
	Patients and Study Design
	Development of the Nomogram
	Validation of the Nomogram
	Clinical Use
	Statistical Analysis

	Results
	Clinical Characteristics
	Independent Prognostic Factors in the Primary Cohort
	Development of an Individualized Prediction Model
	Apparent Performance of the Nomogram in the Primary Cohort
	Validation of the Nomogram
	Clinical Use

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


