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Purpose: To identify the risk factors for failure of nonsurgical reduction of intussusception.

Methods: Data from intussusception patients who were treated with nonsurgical reduction in 

Chiang Mai University Hospital and Siriraj Hospital between January 2006 and December 2012 

were collected. Patients aged 0–15 years and without contraindications (peritonitis, abdominal 

X-ray signs of perforation, and/or hemodynamic instability) were included for nonsurgical 

reduction. The success and failure groups were divided according to the results of the reduction. 

Prognostic indicators for failed reduction were identified by using generalized linear model for 

exponential risk regression. The risk ratio (RR) was used to report each factor.

Results: One hundred and ninety cases of intussusception were enrolled. Twenty cases were 

excluded due to contraindications. A total of 170 cases of intussusception were included for the 

final analysis. The significant risk factors for reduction failure clustered by an age of 3 years 

were weight ,12 kg (RR =1.48, P=0.004), symptom duration .3 days (RR =1.26, P,0.001), 

vomiting (RR =1.63, P,0.001), rectal bleeding (RR =1.50, P,0.001), abdominal distension 

(RR =1.60, P=0.003), temperature .37.8°C (RR =1.51, P,0.001), palpable abdominal mass 

(RR =1.26, P,0.001), location of mass (left over right side) (RR =1.48, P,0.001), poor prog-

nostic signs on ultrasound scans (RR =1.35, P,0.001), and method of reduction (hydrostatic 

over pneumatic) (RR =1.34, P=0.023). The prediction ability of this model was 82.21% as 

assessed from the area under the receiver operating characteristic curve.

Conclusion: The identified prognostic factors for the nonsurgical reduction failure may help 

to predict the reduction outcome and provide information to the parents.

Keywords: intussusception, pneumatic reduction, hydrostatic reduction, prognostic indicators, 

failure rate

Introduction
Intussusception is a frequent cause of bowel obstruction in infants and preschool 

children. Its incidence has been found to be one to four per 2,000 infants and children 

worldwide.1 Intussusception is defined as the invagination of one segment of intestine 

into a segment of distal intestine. The diagnosis of intussusception is done according 

to the Brighton Collaboration Intussusception Working Group criteria.2 Treatment 

includes both nonsurgical and surgical procedures; the two methods of nonsurgical 

reduction are hydrostatic and pneumatic. Nonsurgical reduction can be done safely if 

there are no contraindications. Absolute contraindications such as peritonitis, perfora-

tion, and dehydration lead to nonresponsive shock.3 Surgical treatment is necessary 

in cases with contraindications or failed nonsurgical reduction.

Nonsurgical reduction failure is defined as intussusception that could not be 

reduced nonoperatively. The timeout limit of nonoperative reduction is defined in the 

“Materials and methods” section. The success rate of the nonsurgical reduction has 
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been found to range from 46% to 94%.4 In our previous series, 

a study on the enema reduction of intussusception was found 

to have an overall success rate of 55.3% which was quite 

low compared with the other studies in the same series.5 So, 

this study was conducted to identify the causes of reduction 

failure. Many factors influence failed reductions. The dura-

tion of symptoms, emesis, bloody stool, poor prognosis sign 

on ultrasound scans (a thick peripheral hypoechoic rim, free 

intraperitoneum fluid, fluid trapped within intussusceptum, 

enlarged lymph node in intussusception, pathologic leading 

point, and absence of blood flow in the intussusception),1 and 

age group6 were found to be associated with failed reduction 

in the previous study.7 We aimed to predict the determinants 

of nonsurgical reduction failure.

Materials and methods
This retrospective cohort study was approved by the Ethics 

Committee of Chiang Mai University Hospital (CMU) and 

Siriraj Hospital (SI). According to the retrospective study, the 

Ethical committees of CMU and SI did not require patient 

consent. This study was a part of a series of studies on intus-

susception. Data from intussusception patients (International 

Classification of Diseases, Tenth Edition, code K56.1) who 

were treated with nonsurgical reduction in CMU and SI 

between January 2006 and December 2012 were collected. 

The inclusion criterion included the presence of intussuscep-

tion, an age of 0–15 years, and the absence of contraindica-

tions for nonsurgical reduction. Absolute contraindications 

were peritonitis, abdominal X-ray signs of perforation, 

and/or hemodynamic instability. The chart and electronic 

database reviews were conducted to collect information on 

demographics, symptoms, signs, and investigations (sex, 

age, bodyweight, vomiting, abdominal pain, rectal bleeding, 

diarrhea, distention, constipation, duration of symptoms, tem-

perature, palpable mass, location of the mass, white blood cell 

counts, neutrophils, electrolytes, abdominal radiography, and 

ultrasound findings). Specific radiographic findings included 

small bowel obstruction. Poor prognostic signs on ultrasound 

scans were counted if one of the signs mentioned was present. 

The patients were divided into a success group and a failure 

group according to the results of the nonsurgical reduction.

The standard nonsurgical reduction technique was per-

formed in the patients who had no contraindications. The 

pneumatic reduction was performed by a radiologist under 

fluoroscopic guidance (in CMU) or by a pediatric surgeon 

under ultrasound guidance (in SI). The barium reduction 

was done by radiologist under fluoroscopic guidance (in SI). 

After resuscitation of the infants or children, nonsurgical 

reduction was done. In pneumatic reduction, we used the 

pressure enema from 80 to 120 mmHg with three attempts 

of 3 minutes each. In barium reduction, we controlled the 

pressure enema by limiting the height of the barium bucket 

to not .3 ft above buttocks with three attempts of 3 minutes 

each. We sedated the patients as appropriate. Failed reduc-

tion was defined by a remaining intussusception mass where 

barium or air could not pass from the cecum to the ileum 

through the ileocecal valve after the reduction procedure.8

Statistical analysis was done with commercial statistical 

software (STATA 11.0; StataCorp LP, College Station, TX, 

USA). The descriptive data were reported in count and percent 

for categorical data, and mean and standard deviation or median 

and interquartile range for continuous data. The univariable 

analysis was done by Fisher’s exact test for categorical data and 

Student’s t-test or Mann–Whitney U-test for continuous data. 

The multivariable regression analysis of the prognostic factors 

for intussusception reduction failure was done by generalized 

linear model for exponential risk regression, and reported by 

risk ratio (RR) clustered by an age of 3 years (due to the risk 

for pathologic leading point).9 The receiver operating charac-

teristic curve was plotted for assessing the performance of the 

multivariable model. The statistical significance level was set 

as two-tailed with a P-value ,0.05.

Results
One hundred and seventy intussusception patients in CMU 

and SI received nonsurgical reduction. The overall failure 

rate was 44.7% (Figure 1). The factors that influenced 

Figure 1 Flow of the study.
Abbreviation: ICD-10, International Classification of Diseases, Tenth Edition.
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the failure of nonsurgical reduction were analyzed by the 

univariable analysis (Tables 1 and 2) and multivariable 

analysis (Table 3). In the univariable model, the significant 

factors for failure of the reduction of intussusception analyzed 

were age, bodyweight, vomiting, rectal bleeding, abdominal 

distension, constipation, temperature, location of mass, serum 

sodium, small bowel obstruction in the abdominal radiogra-

phy, and method of reduction (P-value for each parameter 

are stated in Tables 1 and 2). After multivariable analysis 

was done, we found that the significant risk factors for failure 

reduction clustered by an age of 3 years were weight ,12 kg 

(RR =1.48, P=0.004), symptom duration .3 days (RR =1.26, 

P,0.001), vomiting (RR =1.63, P,0.001), rectal bleeding 

(RR =1.50, P,0.001), abdominal distension (RR =1.60, 

P=0.003), temperature .37.8°C (RR =1.51, P,0.001), 

palpable abdominal mass (RR =1.26, P,0.001), location of 

mass (left over right side) (RR =1.48, P,0.001), poor prog-

nostic signs on ultrasound scans (RR =1.35, P,0.001), and 

method of reduction (hydrostatic over pneumatic) (RR =1.34, 

P=0.023). The receiver operating characteristic curve was 

plotted to assess the prediction ability of this model of the 

described risk factors for the failed reduction as shown in 

Figure 2. An area under curve of 82.21% was obtained.

Nonsurgical reductions failed in 76 patients. All those 

patients were operated. The operative findings of the intus-

susception patients with failed nonoperative reduction are 

shown in Figure 3. A pathologic finding of resection and 

anastomosis group was the necrosis of the bowel. The 

pathologic leading points were found in six patients. The 

pathologic leading points reported were jejunal polyp, B-cell 

lymphoma, ileal diverticulitis, and Meckel’s diverticulum 

(in two patients).

Discussion
This study was the second in a series of studies on intus-

susception conducted in our two institutions. The first study 

explored the success rate of the pneumatic and hydrostatic 

reduction. We found that the success rate of nonsurgical 

reduction was 55.3%.5 So, this study was set to identify the 

factors that lead to failed reduction.

The significant risk factors identified in our study were 

weight ,12 kg, symptom duration .3 days, vomiting, rectal 

bleeding, abdominal distension, temperature .37.8°C, 

palpable abdominal mass, location of mass (left over right 

side), poor prognostic signs on ultrasound scans, and method 

of reduction (hydrostatic over pneumatic).

The duration of symptoms associated with failed reduc-

tion remains controversial. In previous studies, different 

results were obtained regarding this issue. Reijnen et al stated 

that a duration of symptoms of .48 hours was a significant 

predictor of failure of hydrostatic reduction.10 Chung et al 

studied about the risk factors leading to surgical reduction and 

found that the long-standing duration of illness (.24 hours) 

was a primary factor. In that series, the intussusception was 

diagnosed within 48 hours in most of the cases.11 Okuyama et 

al concluded that barium enema reduction was safe and effec-

tive regardless of the duration of the disease.12 Also, in a study 

conducted in a tertiary referral center in Hong Kong, Wong 

et al found that a mean duration of symptoms of 2.3 days did 

not affect success rate of the reduction.13 Yao et al conducted 

a study on 316 operated intussusception patients with failed 

nonoperative reduction. In that study, the median duration 

of symptoms in the overall patients, group with an unvi-

able intestine, and group with a viable intestine was 23, 42, 

and 19 hours, respectively, and this result was significantly 

different.14 Long duration of symptoms before presentation 

related to increase in the loss of intestinal viability. So, the 

duration of symptoms was not a contraindication for the 

nonoperative reduction, and some cases with a long symp-

tom duration (minimum =1 hour and maximum =120 hours 

in success group) in our study had successful reduction. So, 

the presence of intestinal viability is an important risk factor 

associated with failed reduction. In this study, we found that 

duration of symptoms .72 hours before presentation was one 

of the predictors of failed nonoperative reduction.

None of the reviewed literature mentioned about the 

patient’s weight as a risk factor for failed reduction, while 

most of the studies mentioned about the age of patients. Fallon 

et al15 and Tota-Maharaj et al16 found that an age ,1 year was 

Table 1 Baseline characteristics (demographics and symptoms) 
of children with failed (n=76) and successful (n=94) nonsurgical 
reduction of intussusception

Characteristics Failed,  
n (%)

Successful,  
n (%)

P-value

Demography
Sex 1.000

Male 51 (44.74) 63 (55.26)
Female 25 (44.64) 31 (55.26)

Age (months)a 8 (6–11) 12 (7–23) ,0.001
Weight (kg)b 8.61 (1.98) 10.15 (3.90) 0.002
Symptoms
Vomiting 71 (48.30) 76 (51.70) 0.023
Abdominal pain 56 (41.48) 79 (58.52) 0.127
Duration of symptoms (hours)a 24 (24–48) 24 (18–48) 0.155
Rectal bleeding 65 (54.62) 54 (45.38) ,0.001
Distension 48 (61.54) 30 (38.46) ,0.001
Diarrhea 12 (42.86) 16 (57.14) 1.000
Constipation 4 (22.22) 14 (77.78) 0.048

Notes: aPresented as median (interquartile range). bPresented as mean 
(standard deviation).
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significantly associated with failed reduction. In our study, 

we used the age for clustering the risk factors because the 

risk of pathologic leading point was higher in the children 

aged .3 years and might not be comparable. So, we used 

weight as a predictor and found that weight ,12 kg was sig-

nificantly associated with failed reduction. This result may be 

contributed to the small caliber of the small bowel of the small 

children. So, the intussusception was difficult to reduce.

Abdominal pain and vomiting are the two classic symp-

toms of intussusception. From the previous study, vomiting 

was found to be a symptom helpful in the diagnosis of intus-

susception but not a statistical significant predictor of failed 

reduction as found in our study.

Rectal bleeding and abdominal mass are the two classic 

signs of intussusception. He et al found that rectal bleeding 

was a predictor of failed reduction as in our study.7 Palpable 

abdominal mass was also a significant factor associated with 

failed reduction in our study and in the study of Wong et al.13 

Regarding the location of the mass, He et al also found that 

the intussusception located on the left side of the abdomen 

was significantly associated with a lower success rate of 

reduction. Flaum et al found that ileocecal and ascending 

colon localization was associated with successful reduction.17 

In our study, a mass located on the left side of abdomen was 

significantly associated with failed reduction. Most cases of 

intussusception were of ileocolic type. The location of the 

mass represents the length of intussusception. The length of 

intussusception was not mentioned in the previous study as 

a predictor, but some studies on small bowel intussuscep-

tion used the length of intussusception to differentiate the 

Table 2 Baseline characteristics (signs and investigations) of children with failed (n=76) and successful (n=94) nonsurgical reduction 
of intussusception

Characteristics Failed, n (%) Successful, n (%) P-value

Signs
Temperature (°C)a 37.51 (0.68) 37.12 (0.62) ,0.001
Palpable mass 55 (48.67) 58 (51.33) 0.191
Location 0.042

Right lower quadrant 8 (53.33) 7 (46.67)
Right upper quadrant 35 (36.08) 62 (63.92)
Left upper quadrant 16 (51.61) 15 (48.39)
Left lower quadrant 15 (65.22) 8 (34.78)
In rectum 0 (0) 0 (100)

Investigations
White blood cell count (mm3)b 12,780 (9,400–17,100) 10,935 (8,885–14,850) 0.172
Neutrophils (%)a 56.00 (17.37) 56.81 (15.95) 0.757
Na (mmol/L)a 136.13 (4.52) 137.75 (3.61) 0.013
K (mmol/L)b 3.9 (3.5–4.3) 4.1 (3.6–4.4) 0.074
Cl (mmol/L)a 102.16 (5.69) 104.2 (4.91) 0.016
Total CO2 (mmol/L)a 19.46 (3.24) 19.44 (3.90) 0.971
Plain abdominal X-ray (small bowel obstruction) 55 (51.40) 52 (48.60) 0.012
Ultrasound (poor prognosis sign) 35 (51.47) 33 (48.53) 0.330
Method of reduction 0.036

Hydrostatic 33 (55.93) 26 (44.07)
Pneumatic 43 (38.74) 68 (61.26)

Notes: aPresented as mean (standard deviation). bPresented as median (interquartile range).

Table 3 Multivariable risk ratio of prognostic indicators for failed reduction of intussusception clustered by an age of 3 years

Characteristics Crude risk ratio  
(95% confidence interval)

P-value Multivariable risk ratio  
(95% confidence interval)

P-value

Weight ,12 kg 3.81 (2.43–5.98) ,0.001 1.48 (1.13–1.94) 0.004
Duration of symptoms .48 hours 1.24 (0.87–1.77) 0.224 1.26 (1.25–1.26) ,0.001
Vomiting 2.22 (1.42–3.48) ,0.001 1.63 (1.54–1.73) ,0.001
Rectal bleeding 2.53 (2.27–2.83) ,0.001 1.50 (1.20–1.89) ,0.001
Abdominal distension 2.02 (1.49–2.74) ,0.001 1.60 (1.18–2.17) 0.003
Temperature .37.8°C 2.10 (1.82–2.42) ,0.001 1.51 (1.47–1.55) ,0.001
Palpable mass 1.32 (1.09–1.60) 0.004 1.26 (1.24–1.28) ,0.001
Location (left over right side) 1.52 (1.48–1.55) ,0.001 1.48 (1.40–1.56) ,0.001
Ultrasound (poor prognosis sign) 1.21 (1.12–1.31) ,0.001 1.35 (1.29–1.42) ,0.001
Method of reduction (hydrostatic over pneumatic) 1.44 (1.11–1.88) 0.006 1.34 (1.04–1.71) 0.023
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transient intussusception and to surgically manage small 

bowel intussusception. Actually, an intussusception of 2 cm 

diameter without clinical signs that could be spontaneously 

reduced is the transient intussusception.1 Rajagopal et al 

studied about the transient and surgically managed small 

bowel intussusception and found that transient intussuscep-

tion was associated with a shorter length of intussusception, 

smaller transverse diameter, thin walls, absence of the leading 

point, and visible peristalsis. The mean length of the transient 

intussusception in that study was 2.25 cm.18

In 2008, Ramachandan found that small bowel obstruc-

tion was one of the risk factors for failed reduction.19 In our 

study, the plain abdominal X-ray showed that small bowel 

obstruction was significantly associated with failed reduction 

in univariable analysis but not in multivariable analysis. 

Therefore, we found that abdominal distension was associ-

ated with reduction failure.

Fever in the previous study was considered as a risk fac-

tor for bowel resection as reported by Fike et al.20 However, 

a temperature .37.8°C was one of the predictors of failed 

reduction in our study. That might be a systemic response to 

intraabdominal infection and inflammation. The blood sup-

ply to intussusception might be compromised and associated 

with the lower success rate of reduction.

The poor prognosis signs on ultrasound scans were 

reported to be associated with the successful reduction in 

many studies. He et al also reported the presence of peritoneal 

fluid and trapped fluid in the intussusception as the predictors 

as found in our study.

In our previous series of intussusception, we studied about 

the method of reduction and found that the success rate of 

pneumatic reduction was 1.48 times more than hydrostatic 

reduction.5 Sanchez et al found that the reduction under ultra-

sonography and fluoroscopy was equally effective.21 Sadigh 

et al conducted a meta-analysis on air-versus-liquid enema of 

intussusception and found that air enema was superior to liquid 

enema with lower complication.22 So, the method of reduction 

was considered to be one of the predictors in our study.

Among the 76 cases who were operated, we found 

reduction in only four cases. Those cases with reduction 

were reviewed based on the technique of reduction and the 

adequacy of the sedation. In 2010, Tota-Maharaj used seda-

tion as one of the risk factors for failed reduction. The rest of 

the operative cases were operated with manual reduction or 

bowel resection depending on the viability of the intestine.

In our series, we found eight patients (4.7%) with 

recurrent intussusception. Three episodes of recurrent 

intussusception were found in one case, and two episodes 

in another. The nonoperative reduction was successful in 

seven cases, and manual reduction was done in failed case 

without pathologic leading point. The recurrence rate of 

intussusception was up to 20% with an average of 5% in 

the literature.1 Gray et al presented a meta-analysis of the 

recurrence rate of nonoperative reduction. They found that 

the recurrence rates were 12.7% for contrast enema, 7.5% 

for ultrasound-guided noncontrast enema, and 8.5% for 

fluoroscopy-guided air enema.23

Bratton et al studied about hospital size and found that 

nonsurgical reduction was more likely to succeed in large 

hospitals with a larger caseload.24 In contrast, in this study, we 

found that duration of symptoms was significantly associated 

with failed reduction. In our centers, we received the cases 

from the referral hospital with no pediatric surgeon. So, the 

duration of symptoms of cases in our study was longer than 

the previous studies. The median duration of symptoms before 

Figure 2 ROC curve of the model of prognostic indicators for failed reduction 
of intussusception predicted by the prognostic indicators (curved line) and a 50% 
chance prediction (diagonal line).
Abbreviation: ROC, receiver operating characteristic.

Figure 3 The operative procedures of the intussusception patients with failed 
nonoperative reduction (N=76).
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presentation in our study was 34.8 hours which was also 

mentioned in our first series. We also performed nonsurgical 

reduction safely if the contraindications were not present.

Guo et al reviewed a large series of studies on intus

susception which used air enema for reduction.25 They estab-

lished a clinical criteria scoring system for intussusception by 

procedure used, duration of onset, age, stool characteristics, 

coexistent diarrhea, abdominal distension, and dehydration 

to predict the success rate. No other study proposed about the 

prediction factors for the successful intussusception reduc-

tion. In this study, we identified the significant risk factors 

associated with failed reduction. The information about 

prognosis of the nonoperative reduction could be provided 

to the referral hospital and parents. However, this was a 

retrospective study which was a limitation.

Conclusion
Many factors that can significantly predict the failure of 

nonsurgical reduction were found which included body-

weight ,12  kg, symptoms duration .3  days, vomiting, 

rectal bleeding, abdominal distension, temperature .37.8°C, 

palpable abdominal mass, location of mass on the left side, 

poor prognostic signs on ultrasound scans, and method of 

reduction (hydrostatic over pneumatic). The contraindica-

tions for the nonsurgical reduction were peritonitis, free air 

in abdominal radiography, and nonresponsive shock. This 

study aimed to identify the risk factors for failure reduc-

tion, and in the next study, we will investigate the scoring 

system for the prediction of the failure of the reduction 

of intussusception.

Disclosure
The authors report no conflicts of interest in this work.
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