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Objective: Early recurrence after successful hydrostatic reduction of intussusception occurs in 5–15% of children
and often requires repeat intervention, yet reliable predictors remain incompletely defined. To identify clinical
and sonographic predictors of early recurrence (within 48 h) after ultrasound-guided hydrostatic reduction of
ileocolic intussusception, and to develop a weighted nomogram and a simplified bedside score for risk
stratification.
Methods: This retrospective study included 677 children who underwent successful ultrasound-guided hydro-
static reduction between January 2020 and December 2025. Early recurrence occurred in 66 patients (9.7%). Pre-
dictors were identified by LASSO regression and multivariable logistic analysis. A nomogram was constructed,
and a simplified scoring system was derived for rapid bedside use. Recurrence timing was analyzed using
Kaplan-Meier curves and Spearman's correlation.
Results: Five independent predictors were identified: transverse colon location (OR 4.647), previous intussuscep-
tion history (OR 2.831), target sign diameter > 35 mm (OR 1.075 per mm), peritoneal effusion (OR 2.476), and
sonographic features of enteritis (OR 2.347). The nomogram showed good discrimination (AUC 0.805). The sim-
plified score (0–5), assigning 1point to each predictor, also demonstrated acceptable discrimination (AUC0.795),
with a cutoff of 3 points optimally balancing sensitivity (62.1%) and specificity (84.3%). Median recurrence time
was 23 h; recurrences were evenly distributed across the 48-h window, and the five predictors did not influence
the exact timing of recurrence.
Conclusion: A weighted nomogram and a simple bedside score based on five clinical and sonographic features
accurately predict early recurrence after hydrostatic reduction of ileocolic intussusception. The tools enable
individualized risk assessment and support risk-stratified observation strategies.
© 2026 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and similar tech-

nologies.
1. Introduction

Acute abdominal emergencies in the pediatric population frequently
involve intussusception, a condition characterized by the invagination
of a proximal bowel segment into the lumen of the adjoining distal
loop [1]. Among the various anatomical subtypes, ileocolic intussuscep-
tion predominates and represents themost common indication for non-
surgical reduction in young children [2]. Epidemiologically, the disorder
exhibits a clear age predilection, with the highest incidence observed
between 4 and 10 months of age, followed by a rapid decrease after
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the second year of life [3]. The clinical spectrum ranges from classic ep-
isodic abdominal pain, vomiting, and passage of red currant jelly stool to
nonspecific manifestations such as lethargy or irritability, which may
delay diagnosis and increase the risk of complications [4].

Currently, ultrasonography has emerged as the primary imaging
modality for the diagnosis of intussusception in children. This technique
is non-invasive, free of ionizing radiation, and clearly demonstrates
characteristic findings of the intussuscepted bowel, such as the “target
sign” on transverse sections, with diagnostic accuracy exceeding 98%
[5]. Leveraging its high resolution and real-time dynamic imaging capa-
bilities, ultrasound can accurately assess the location of the intussuscep-
tion, the diameter of the intussusceptum, the degree of bowel wall
edema, the presence of peritoneal fluid, and blood flow within the
bowel wall, offering key information for clinical decision-making. Build-
ing on its excellent diagnostic performance, ultrasound-guided hydro-
static reduction has also gained widespread clinical application in
recent years. This technique employs warm saline instilled under real-
g, AI training, and similar technologies.
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time sonographic monitoring to achieve reduction, completely elimi-
nating the ionizing radiation associated with traditional fluoroscopic
guidance while enabling dynamic visualization of the entire reduction
process and immediate assessment of outcomes [6]. Consequently, its
use has expanded across a growing number of institutions.

Although the initial success rates of hydrostatic reduction are favor-
able, a subset of children experience recurrence shortly after the proce-
dure. Published data indicate that 5% to 15% of patients develop
recurrent intussusception, with a substantial fraction occurring within
the first 48 h post-reduction [7-9]. Such early recurrences often necessi-
tate repeat enema attempts or surgical intervention, imposing addi-
tional physical and emotional stress on the child and family,
prolonging hospital stay, and increasing healthcare costs [6]. From a
practical standpoint, the ability to forecast which children are at height-
ened risk for early recurrence would greatly assist emergency physi-
cians and pediatric surgeons in making evidence-based decisions
regarding post-reduction observation, admission, or discharge. While
prior investigations have identified various factors associated with re-
current intussusception, most have not differentiated between early
and late events, and few have systematically evaluated pre-reduction
sonographic parameters, such as the maximal diameter of the
intussusceptum, its colonic location, the presence of peritoneal fluid,
bowel wall thickness, or coexisting intraluminal lesions, as potential
predictors of early recurrence. Addressing this gap, the current study
was undertaken to delineate clinical and ultrasonographic determinants
of recurrence occurring within 48 h after successful ultrasound-guided
hydrostatic reduction of ileocolic intussusception in children, and to
construct a clinically applicable predictive tool that can enhance post-
reduction management strategies.

2. Materials and methods

2.1. Study design and setting

This retrospective cohort study was conducted at the First People's
Hospital of Lianyungang, a tertiary pediatric referral center in eastern
China. The study protocol was approved by the Ethics Committee of
the First People's Hospital of Lianyungang (approval No. KY-
20250813002-02) and conducted in accordance with the Declaration
of Helsinki. Informed consent was waived by the Ethics Committee
due to the retrospective nature of the study.

2.2. Study population

We retrospectively analyzed consecutive pediatric patients diag-
nosed with acute ileocolic intussusception who presented to our emer-
gency department between January 2020 and December 2025. Ileocolic
intussusception was confirmed by clinical presentation, physical exam-
ination, and ultrasonography demonstrating the characteristic “target
sign” or “pseudokidney sign,” after exclusion of other etiologies such
as secondary intussusception caused by pathological lead points
(e.g., Meckel diverticulum, intestinal polyp, or lymphoma).

2.3. Inclusion and exclusion criteria

Inclusion criteria were: (1) age < 18 years; (2) acute ileocolic intus-
susception confirmed by ultrasound; (3) successful ultrasound-guided
hydrostatic reduction performed within 48 h of symptom onset;
(4) complete clinical and ultrasonographic data available; and (5) stan-
dardized 48-h post-reduction observation completed with documented
outcome.

Exclusion criteria were: (1) pneumatic reduction performed as the
initial or salvage procedure; (2) failed hydrostatic reduction requiring
surgical intervention; (3) secondary intussusception with identified
pathological lead point requiring surgery; (4) require surgery per-
formed >48 h after symptom onset; (5) recurrence occurring >48 h
121
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after successful reduction; (6) incomplete medical records or loss to
follow-up during the observation period.

2.4. Definition of early recurrence

The definition of early recurrence following successful hydrostatic
reduction for intussusception has varied considerably across studies,
with reported time thresholds ranging from 12 to 72 h in earlier reports
[8,10,11]. In recent years, however, a 48-h cutoff has been increasingly
adopted in the literature. Accordingly, the present study defined early
recurrence as recurrent intussusception confirmed by ultrasound
within 48 h after successful hydrostatic reduction, based on the pres-
ence of a concentric circle sign with mixed echogenicity. This definition
was chosen for several reasons: (1) it reflects the current prevailing
consensus in thefield; (2) previous studies have shown that 92.1% of re-
currences occur within this timeframe; [12]. and (3) it aligns with our
institutional protocol, which mandates a 48-h observation period fol-
lowing reduction. The time to recurrence was calculated as the interval
from successful reduction to ultrasound-confirmed recurrence,
recorded in hours.

2.5. Ultrasound-guided hydrostatic reduction protocol

All reductions were performed by pediatric radiologists with
>5 years of experience in interventional ultrasound according to stan-
dardized institutional protocols. Under real-time sonographic monitor-
ing, warm normal saline (37 °C) was instilled via a Foley catheter
positioned in the rectum with the balloon inflated to occlude the anal
canal. Salinewas infused by gravitywith the suspension bagmaintained
at 80–120 cm above the patient's buttocks, with intermittent manual
abdominal compression applied to facilitate reduction. Successful re-
duction was confirmed sonographically by visualization of fluid passing
through the ileocecal valve into the terminal ileum, accompanied by
resolution of the intussuscepted mass. The number of reduction at-
tempts was recorded in the procedural report for each patient, with
an attempt defined as a discrete session of hydrostatic infusion. If initial
reduction was incomplete, subsequent attempts were performed at 30-
min to 1-h intervals, with the total number of attempts not exceeding
three in accordance with clinical guideline [13].

2.6. Post-reduction observation and data collection

Following successful reduction, all patients were admitted for stan-
dardized 48-h inpatient observation. Vital signs and abdominal exami-
nations were performed every 4 h during the first 24 h and every 8 h
during the subsequent 24 h. Repeat abdominal ultrasound was per-
formed immediately upon any clinical suspicion of recurrence (recur-
rent abdominal pain, vomiting, or bloody stool). Patients without
recurrence were discharged after 48 h; those with recurrence were
managed according to institutional protocols (repeat hydrostatic reduc-
tion or surgical intervention). Since all patients remained hospitalized
for the entire observation period and recurrence was confirmed by ul-
trasound before discharge, there was no loss to follow-up or possibility
of patients seeking care at other hospitals during this window.

Data were extracted retrospectively from electronic medical records
and the institutional radiology information system using standardized
case report forms. Clinical variables included: age, sex, season of onset,
duration of abdominal pain or crying (hours), presence of vomiting,
bloody stool, and history of previous intussusception episodes (>48 h
prior to the current admission). Ultrasonographic parameters were ob-
tained fromprospectively recorded ultrasound reports and archived im-
ages, including: maximal diameter of the intussusceptum (mm),
anatomical location of the intussusception (ascending colon, transverse
colon), presence and quantity of peritoneal effusion, intestinal wall
thickness (mm), presence of enlarged mesenteric lymph nodes. Addi-
tionally, peritoneal fluid within the intussusception defined as an
ealth and Social Security de ClinicalKey.es por Elsevier en julio 16, 2026. 
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Fig. 1. Flow diagram of patient selection.
anechoic crescentic area visualized between the serosal layers of the
enfolded intussusceptum on axial ultrasound views, was recorded sep-
arately, as described by del-Pozo [14]. The measurement of bowel wall
thickness was obtained at the unaffected terminal ileum, specifically
at a site 2–5 cm proximal to the intussusception mass, with the ultra-
sound beam oriented perpendicular to the bowel wall [15]. This ana-
tomical site was selected to avoid confounding factors such as edema
within the intussusceptum and involvement of the ileocecal valve,
both of which are commonly affected during intussusception. Measure-
ments were taken on longitudinal ultrasound sections. A wall thickness
of 3 mm or more at this location was regarded as abnormal and indica-
tive of possible concomitant gastroenteritis [16]. A short-axis diameter
of ≥8 mm was adopted as the cutoff for defining enlarged mesenteric
lymph nodes, in accordancewith previous study [17]. All ultrasound ex-
aminations were originally performed and interpreted by board-
certified pediatric radiologists using standardized scanning protocols
and reporting templates; measurements were obtained from the re-
corded reports, with verification from archived images when report
data were incomplete. In cases where discrepancies existed between
the initial report and the archived images (less than 5% of cases), a con-
sensus was reached through discussion between two senior pediatric
radiologists.

2.7. Sample size calculation

Sample size was calculated based on the Events Per Variable (EPV)
principle for multivariable logistic regression analysis [18]. Assuming
an early recurrence rate of 5–15%, [7,12], and planning to include 5 inde-
pendent predictors in the final model, a minimum of 80 recurrence
events was required (EPV = 10). Thus, the target sample size was at a
range of 334–1000 patients.Statistical analysisStatistical analyses were
conducted using R software (version 4.3.1). All tests were two-tailed,
and P < 0.05 was considered statistically significant. The Shapiro-Wilk
test was used to assess the normality of continuous variables. Normally
distributed data were presented as mean ± standard deviation, and
comparisons between two groups were performed using Student's t-
test. Non-normally distributed data were expressed as median with in-
terquartile range (25th–75th percentile), and differences were evalu-
ated using the Mann-Whitney U test. Categorical variables were
summarized as frequencies and percentages, and group comparisons
were made using the χ2 test or Fisher's exact test.

Univariate logistic regression was performed to identify potential
predictors of early recurrence. It was conducted to estimate odds ratios
(OR) and 95% confidence interval (CI) for potential predictors of early
recurrence. Variables with P < 0.10 in univariate analysis were entered
intomultivariable logistic regression using backward stepwise selection
to identify independent predictors. Least Absolute Shrinkage and Selec-
tion Operator (LASSO) regression with 10-fold cross-validation was
performed to validate variable selection and prevent overfitting.

A nomogram predicting early recurrence probability was developed
based on multivariable logistic regression coefficients. Model discrimi-
nation was assessed using receiver operating characteristic (ROC)
curve analysis, with calculation of the area under the curve (AUC) and
95% CI. Internal validation was performed using 1000 bootstrap
resamples to calculate the optimism-corrected C-index. Calibration
was evaluated using calibration plots comparing predicted versus ob-
served probabilities. Clinical utility was assessed using decision curve
analysis (DCA) to quantify net benefit across a range of threshold
probabilities.

Time-to-recurrence analysis was performed to identify factors
influencing the timing of early recurrence. Kaplan-Meier curves were
constructed to visualize the distribution of recurrence-free survival dur-
ing the 48-h observation period, with time to recurrence (in hours) as
the outcome variable. The log-rank test was used to compare survival
distributions across categorical variables. For continuous variables, the
relationship with time to recurrence was evaluated using Spearman's
122
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rank correlation coefficient. Univariate Cox proportional hazards regres-
sionwasperformed to estimate hazard ratios (HR) and 95% CI for poten-
tial predictors of earlier recurrence. Variables showing association with
time to recurrence (P < 0.10) in univariate analysis were entered into
multivariable Cox proportional hazards regression using backward
stepwise selection to identify independent predictors of recurrence
timing.

3. Results

3.1. Baseline analysis of general data

A total of 824 pediatric patients with acute intussusceptionwere ini-
tially screened between January 2020 and December 2025. Among
them, 65were excluded prior to reduction due to the following reasons:
direct surgical intervention without enema attempt (n = 17), primary
pneumatic reduction (n=19), or secondary intussusception secondary
to pathological lead points such as Meckel's diverticulum or intestinal
polyps (n = 29). The remaining 759 patients underwent ultrasound-
guided hydrostatic reduction. Of these, an additional 82 patients were
excluded due to failed hydrostatic reduction requiring surgery (n =
39), incomplete medical records (n=30), or missing key ultrasonogra-
phic images (n = 13). Ultimately, 677 patients with successful hydro-
static reduction and complete 48-h follow-up data were included in
the final analysis. Among them, 611 patients (90.3%) experienced no re-
currence during the observation period and were classified into the
non-early recurrence group, while 66 patients (9.7%) developed early
recurrence within 48 h post-reduction and were assigned to the early
recurrence group (Fig. 1). No significant differences were found be-
tween the early recurrence group and non-recurrence groups in age,
gender, bloody stool, vomiting, number of reduction or season of
onset, whereas differences in duration of abdominal pain and previous
history of intussusception were statistically significant. When compar-
ing the ultrasonography features between the two groups, the early re-
currence group showed a higher proportion of peritoneal effusion,
greater intestinal wall thickness. Additionally, the proportion of cases
with the intussusception located in the transverse colon, larger
concentric-circle diameter, and those complicated by intraluminal
masses was higher in the early recurrence group. However, the pres-
ence of enlargedmesenteric lymph nodes did not differ significantly be-
tween the groups. A detailed comparison of baseline demographic and
clinical characteristics between the two groups is presented in Table 1.

3.2. Identification of sample size

In practice, 824 consecutive patients were screened between
January 2020 and December 2025, of whom 677 met the inclusion
ealth and Social Security de ClinicalKey.es por Elsevier en julio 16, 2026. 
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Table 1
Baseline comparison of non-early recurrence group and early recurrence group.

Characteristics Non-early
recurrence

Group
(n = 611)

Early
recurrence

Group
(n = 66)

P value

Age (month),median(IQR) 16 (10, 25) 19 (14, 29) 0.033
Gender,n
MMMMale 344 44
Female 267 22
Bloody stool,n 0.837
Absent 353 39
Present 258 27
Vomiting,n 0.125
Absent 396 49
Present 215 17
Duration of pain (hour), median (IQR) 17 (11, 29) 25 (17, 32) <0.001
Season of onset,n 0.924
Spring 178 20
Summer 132 16
Autumn 152 16
Winter 149 14
Intussusception location,n <0.001
Ascending colon 455 24
Transverse colon 156 42
Enlarged mesenteric lymph node,n 0.365
Absent 316 38
Present 295 28
Previous history of intussusception,n 0.003
Absent 64 15
Present 547 51
Target sign diameter (millimeter),
median (IQR)

35 (30, 42) 40 (35, 45) <0.001

Peritoneal effusion,n 0.004
Absent 404 32
Present 207 34
Features of enteritis,n <0.001
Absent 176 36
Present 435 30
Number of reduction,n 0.879
1 548 58

CI: Confidence interval.
criteria and were enrolled, meeting the minimum required sample size
of 467 cases. The actual recurrence ratewas 9.7%, yielding 66 recurrence
events and an EPV ratio of 13.2, which exceeded the recommended
threshold of 10 and confirmed adequate statistical power for themulti-
variable analysis [19].

3.3. Characteristics of early recurrence timing

Among the 66 patients who experienced early recurrence within
48 h after successful hydrostatic reduction, the median time to recur-
rence was 23 h (IQR: 15–33 h). The distribution of recurrence times
over the 48-h observation period did not deviate significantly from a
relatively even distribution, indicating that early recurrences occurred
relatively evenly across all 6-h intervals. However, a modest peak was
observed in the 18–24 h interval (19.7%) (Fig. 2A). These findings indi-
cate that early recurrence is distributed across the entire 48-h observa-
tion window, with a discernible peak in the 18–24 h interval.

For categorical variables (sex, bloody stool, vomiting, season of
onset, intussusception location, enlarged mesenteric lymph nodes, pre-
vious history of intussusception, peritoneal effusion, features of enteri-
tis, and number of reduction attempts), Kaplan–Meier curves were
constructed and compared using the log-rank test. None of these factors
showed a significant association with recurrence time (all log-rank
P > 0.05) (Fig. 2B–K);For continuous variables, Spearman's rank corre-
lation analysis revealed that age (R = 0.114, P = 0.360) and target
sign diameter (R = 0.048, P = 0.700) were not significantly correlated
with time to recurrence. Duration of abdominal pain showed a weak
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positive correlation that reached statistical significance (R = 0.362,
P = 0.003); however, the magnitude of the correlation was modest
and its clinical relevance remains uncertain (Fig. 2L–N).

3.4. Univariate and multivariate analysis

Univariate logistic regression identified several factors associated
with early recurrence, including transverse colon location, previous in-
tussusception history, larger target sign diameter, peritoneal effusion,
and features of enteritis (all P < 0.01). Gender, bloody stool, vomiting,
season, enlarged lymph nodes, and number of reduction attempts
were not significant.

Multivariate analysis confirmed all five factors as independent pre-
dictors of early recurrence: age(OR: 0.955, P = 0.002),symptom dura-
tion (OR: 1.032, P = 0.013), transverse colon location (OR: 4.647,
P<0.001), previous history (OR: 2.831, P=0.005), target sign diameter
(OR: 1.075, P < 0.001), peritoneal effusion (OR: 2.476, P = 0.002), and
features of enteritis (OR: 2.347, P = 0.003) (Table 2).

3.5. Construction of the Nomogram model and validation

To identify the most relevant predictors while avoiding overfitting,
we performed Lasso regressionwith 10-fold cross-validation Fig. 3A dis-
plays the cross-validated binomial deviance as a function of log(λ). The
left vertical dashed line indicates the λ value with the minimum devi-
ance, and the right vertical dashed line indicates the largest λ within
one standard error of the minimum. The numbers at the top of Fig. 1A
show the count of non-zero coefficients at each λ: starting with 13 pre-
dictors at low λ, the model progressively shrank variables, retaining 5
non-zero coefficients at lambda.1se Fig. 3B illustrates the coefficient
paths for all 13 candidate variables across the sameλ range. As the pen-
alty increased, coefficients of less important variables (e.g., bloody stool,
vomiting) rapidly shrank to zero, indicating their limited contribution.
In contrast, variables with stronger associations (e.g., intussusception
location, previous history of intussusception) maintained non-zero co-
efficients well into the higher penalty region. A nomogram was devel-
oped from the independent predictors identified by multivariable and
LASSO regression, assigning weighted scores that translate directly
into individualized recurrence probabilities (Fig. 3C). Internal validation
using 1000 bootstrap resamples yielded a C-index of 0.805. The AUC of
the ROC curve was 0.805 (95% CI: 0.750–0.861), indicating good dis-
criminative ability (Fig. 3D). The calibration plot showed close agree-
ment between predicted and observed probabilities of early
recurrence (Fig. 3E). Decision curve analysis demonstrated a positive
net benefit across a wide range of threshold probabilities (Fig. 3F).

3.6. Simplified risk stratification tool for clinical use

To facilitate rapid bedside risk assessment, we developed a simpli-
fied scoring system based on the five independent predictors identified
in the multivariable analysis and LASSO regression. ROC analysis was
used to determine the optimal cutoff for target sign diameter and
found the best threshold was 35 mm (Fig. 4). Although the regression
coefficients of the five predictors ranged from 0.831 to 1.536 (a
maximum-to-minimum ratio of 1.8), we assigned 1 point to each of
the five binary high-risk features (transverse colon location, previous
history, target sign diameter > 35mm, peritoneal effusion, and features
of enteritis) (Table 3), yielding a total score ranging from0 to 5. The area
under the receiver operating characteristic curve for this simplified
score was 0.795 (95% CI: 0.621–0.843), indicating a fine discriminatory
ability. Using the Youden index, a cutoff of ≥3 points was identified as
the optimal threshold for predicting early recurrence(Fig. 5). This
equal-weight approach was chosen to enable immediate bedside calcu-
lation without the need for a calculator or nomogram, directly address-
ing the clinical need for an easy-to-use screening tool. Validation
showed that this simplified score retained good discriminatory ability
ealth and Social Security de ClinicalKey.es por Elsevier en julio 16, 2026. 
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Fig. 2. Characteristics of early recurrence timing. (A) Distribution of recurrence time stratified by 6-h intervals among 66 patients with early recurrence. (B\\K) Kaplan-Meier curves com-
paring recurrence-free survival for categorical variables (sex, bloody stool, vomiting, season, intussusception location, enlarged mesenteric lymph nodes, previous history, peritoneal ef-
fusion, features of enteritis, and number of reduction attempts). None of these factors showed a significant associationwith recurrence time (all log-rank P>0.05). (L–N) Spearman's rank
correlation between time to recurrence and continuous variables (age, target sign diameter, and duration of abdominal pain). Only duration of pain showed a weak positive correlation
(R = 0.362, P = 0.003); the other correlations were not significant.
(AUC=0.795), whichwas only slightly lower than that of theweighted
nomogram (0.805) but substantially more practical for rapid triage. Ac-
cordingly, patients with a score of 0–2 are classified as low-risk andmay
be candidates for abbreviated observation or outpatient follow-up,
whereas those with a score of ≥3 are considered high-risk and warrant
a full 48-h inpatient observation. This simplified tool provides clinicians
with an easy-to-use, visually clear method for rapid risk assessment.

4. Discussion

Ultrasound-guided hydrostatic reduction is increasingly used for pe-
diatric ileocolic intussusception due to its safety and efficacy [6]. In this
cohort of 677 children, we observed an early recurrence rate (within
48 h) of 9.7%, which aligns with previous reports [7-9,12]. Although
the definition of “early recurrence” varies across studies,ranging from
12 to 72 h, our 48-h cutoff is consistent with Wang et al., who reported
that 92.1% of recurrences occur within this window [12]. This
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consistency suggests that a 48-h observation period captures the vast
majority of clinically relevant recurrences.

4.1. Five independent predictors and comparison with previous studies

We identifiedfive independent predictors of early recurrence: trans-
verse colon location, previous history of intussusception, larger target
sign diameter, peritoneal effusion, and sonographic features of enteritis.
These factors have been variably reported in prior studies. Transverse
colon location, for example, has been associated with increased recur-
rence risk in some studies [20], while others have emphasized the role
of more proximal intussusception [21]. Our finding that transverse
colon location carried the highest OR may reflect the greater length of
bowel involved, which may impair post-reduction peristalsis and pre-
dispose to re-invagination.

Previous history of intussusception was a strong predictor in our
study, consistent with several earlier reports [12,20]. This suggests
ealth and Social Security de ClinicalKey.es por Elsevier en julio 16, 2026. 
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Table 2
Univariate and multivariate analysis of risk factors for early recurrence of intussusception in children.

Characteristics Univariate analysis Multivariate analysis

Odds Ratio
(95% CI)

P value Odds Ratio
(95% CI)

P value

Age 1.016 (0.955–1.038) 0.133
Gender
MMMMale Reference
Female 0.644 (0.377–1.101) 0.108
Bloody stool
Absent Reference
Present 0.947 (0.565–1.587) 0.837
Vomiting
Absent Reference
Present 0.639 (0.359–1.137) 0.128
Duration of pain 1.035 (1.013–1.057) 0.001 1.032 (1.007–1.058) 0.057
Season of onset
Winter Reference
Spring 1.196 (0.584–2.449) 0.625
Summer 1.290 (0.607–2.744) 0.508
Autumn 1.120 (0.528–2.376) 0.767
Intussusception location
Ascending colon Reference Reference
Transverse colon 5.104 (2.994–8.702) <0.001 4.252 (2.412–7.494) <0.001
Enlarged mesenteric lymph node
Absent Reference
Present 0.789 (0.472–1.319) 0.366
Previous history of intussusception
Absent Reference Reference
Present 2.514 (1.337–4.726) 0.004 2.754 (1.339–5.667) 0.006
Target sign diameter 1.070 (1.032–1.110) <0.001 1.072 (1.030–1.115) <0.001
Peritoneal effusion
Absent Reference Reference
Present 2.074 (1.244–3.457) 0.005 2.374 (1.356–4.155) 0.002
Features of enteritis
Absent Reference Reference
Present 2.966 (1.772–4.965) <0.001 2.297 (1.311–4.025) 0.004
Number of reduction
1 Reference
2 1.260 (0.515–3.079) 0.613
3 1.050 (0.238–4.638) 0.949

CI: Confidence interval.
that some children may have an inherent predisposition, possibly
related to anatomical or motility factors. Peritoneal effusion and
sonographic features of enteritis have been less frequently studied
in the context of early recurrence, but both likely indicate more se-
vere inflammation and bowel wall edema, which may delay healing
and increase recurrence risk [14,22]. The target sign diameter,
which reflects the thickness and number of invaginated layers, has
been shown to correlate with failed reduction and recurrence in
other studies [21], and our findings further support its prognostic
value.

4.2. Age and symptom duration

Although age and symptom duration were also independent predic-
tors in our univariable model, but not independent predictors in multi-
variate analysis, so they were not included in the final simplified tool
because their effect sizeswere smaller. Age>1 year has been previously
identified as a risk factor for early recurrence [20], which may be ex-
plained by the dynamic changes in gut microbiota during early child-
hood [23]. Stewart et al. described three phases of gut microbiome
maturation, with the transitional phase (15–30 months) coinciding
with our recurrence group's median age of 19months [24]. This tempo-
ral overlap suggests that immune and microbial instability during this
period may increase susceptibility to inflammation and recurrence.
Longer symptom duration, another known predictor of failed reduction
[21,25], may reflect delayed presentation and more advanced local in-
flammation, which could predispose to recurrence even after successful
reduction.
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4.3. Dissociation between recurrence occurrence and timing

A notable finding is that while the five predictors strongly discrimi-
nated patientswhowould recur from thosewhowouldnot, none signif-
icantly influenced the exact timing of recurrence. To our knowledge,
this dissociation has not been reported previously. This suggests that
the mechanisms driving susceptibility to recurrence (e.g., structural, in-
flammatory factors) are distinct from those triggering the actual event
(e.g., dynamic processes such as peristalsis recovery or patient activity).
Clinically, this means that once a patient is identified as high-risk, a uni-
form 48-h observation period is appropriate, regardless of when recur-
rence might occur. This simplifies post-reduction management and
supports a risk-stratified approach.

4.4. Temporal distribution and clinical implications

The median recurrence time in our cohort was 23 h, with only 7.6%
occurringwithin the first 6 h and nearly half (47.0%) occurring between
24 and 48 h. This distribution is similar to that reported by Wang et al.
(median 21 h) [12], suggesting that the temporal course of early recur-
rence is relatively consistent across different populations and reduction
techniques. The proportion of very early recurrences (≤6 h) in our co-
hort (7.6%) is comparable to the 3.5% reported by Wang et al., with
the difference likely reflecting variations in reduction technique (hydro-
static vs. pneumatic), casemix, or post-reduction observation protocols.

From a clinical perspective, these findings have important implica-
tions for emergency department disposition. A short observation period
(e.g., 4–6 h)wouldmiss themajority of early recurrences, whereas a full
ealth and Social Security de ClinicalKey.es por Elsevier en julio 16, 2026. 
ción. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.
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Fig. 3. Construction and validation of the nomogram. (A) LASSO regression with 10-fold cross-validation showing binomial deviance as a function of log(λ). The left vertical dashed line
indicatesλwithminimumdeviance; the right dashed line indicatesλ.1se, which retained 5 non-zero coefficients. (B) Coefficient paths for 13 candidate variables across the same λ range.
(C) Nomogram for predicting early recurrence based on five independent predictors (transverse colon location, previous history, target sign diameter, peritoneal effusion, and features of
enteritis). To calculate the predicted probability, locate each predictor on its axis, draw a vertical line to the “Points” axis to obtain the score, sum the scores, and read the corresponding
probability from the “Total Points” axis. (D) Receiver operating characteristic (ROC) curve of the nomogram (AUC= 0.805; 95% CI: 0.750–0.861). (E) Calibration plot showing agreement
between predicted and observed probabilities. (F) Decision curve analysis demonstrating net benefit across a range of threshold probabilities.
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Fig. 4. ROC curve for target sign diameter, identifying 35 mm as the optimal cutoff. Fig. 5. ROC curve for the simplified score (0–5) derived from the five high-risk features,
showing an AUC of 0.795 (95% CI: 0.621–0.843). The optimal cutoff is 3 points.
48-h observation would capture all cases. This supports a risk-stratified
approach: low-risk patients (simplified score 0–2) could be candidates
for abbreviated observation (e.g., 12–24 h) or outpatient follow-up,
while high-risk patients (score ≥ 3) warrant a full 48-h inpatient
observation.

4.5. A dual-tool approach for clinical risk stratification

To translate these findings into practice, we developed two com-
plementary tools. The nomogram provides individualized probabil-
ity estimates by weighting each predictor according to its
regression coefficient. This tool is suitable for nuanced decision-
making, such as counseling families or managing borderline cases.
Recognizing the need for rapid bedside screening, we also devel-
oped a simplified score that assigns 1 point to each of the five binary
high-risk features. This equal-weight approach, while sacrificing
some precision, enables immediate mental calculation and is con-
sistent with the design of many widely adopted clinical scores.
The simplified score demonstrated good discriminatory ability
(AUC 0.795), and a cutoff of 3 points optimally balanced sensitivity
(62.1%) and specificity (84.3%).

4.6. Limitations and future directions

Several limitations should be acknowledged. First, this was a single-
center retrospective study, whichmay introduce selection bias. Second,
laboratory markers (e.g., C-reactive protein) were not assessed; incor-
porating them might improve prediction. Third, our definition of early
recurrence as within 48 h, while consistent with previous literature,
may not be universally accepted. Fourth, only internal validation was
performed; external validation is needed to confirm generalizability.
Table 3
Regression coefficients of the five predictors.

Predictor Regression coefficient(β)

Transverse colon location 1.536
Previous history 1.022
Target sign diameter > 35 mm 1.166
Peritoneal effusion 0.922
Features of enteritis 0.831
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Future multicenter prospective studies with external validation are
warranted to confirm our findings and to explore whether these risk
factors apply to pneumatic reduction, which differs in technique and
pressure dynamics.

5. Conclusion

Based on five independent predictors of early recurrence follow-
ing ultrasound-guided hydrostatic reduction of pediatric ileocolic in-
tussusception (transverse colon location, previous history of
intussusception, target sign diameter > 35 mm, peritoneal effusion,
and sonographic features of enteritis), we developed two comple-
mentary clinical tools. The nomogram provides individualized proba-
bility estimates for nuanced decision-making, while a simplified
bedside score (0–5) enables rapid risk stratification, with a cutoff of
3 points effectively distinguishing high-risk from low-risk patients.
Early recurrence is distributed across the 48-h observation window,
and importantly, the factors predicting recurrence do not influence
its timing, supporting a uniform observation strategy for high-risk
patients. Together, these tools offer clinicians a practical, evidence-
based approach to post-reduction management that balances patient
safety with efficient resource use.
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