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Purpose: To identify factors predicting the failure of ultrasound-guided hydrostatic reduction of intussusception in children.
Patients and Methods: The medical records of 174 children who underwent ultrasound-guided hydrostatic reduction of intussus-
ception over four years were reviewed at Tikur Anbessa Specialized Hospital. Patient’s demography, clinical data, and sonography
findings (type of intussusception, length of intussusception, presence of lead point, trapped fluid, lymph node, and free peritoneal fluid)
were entered into SPSS 25 (IBM) and analyzed using logistic regression.

Results: The overall success rate of ultrasound-guided hydrostatic reduction was 81.6%. The sex, presence of abdominal cramps,
vomiting, diarrhea, trapped lymph nodes on ultrasound, or history of upper respiratory tract infection had no association with
hydrostatic reducibility. Currant jelly stool (OR 0.128; 95% CI, 0.27-0.616; P=0.01), Ileo-ileo colic intussusception (OR 0.055;
95% CI, 0.005-0.597; P=0.017), pathologic lead point (OR 0.66; 95% CI, 0.01-0.447; P=0.005) and abdominal distention (OR 0.209;
95% CI, 0.044-0.998; P=0.048) showed significant association with failed hydrostatic reduction.

Conclusion: The presence of currant jelly stool, ileo-ileo colic type intussusception, pathologic lead point, and abdominal distention
are the most important predictors for failed ultrasound ultrasound-guided reduction intussusception in children.

Plain Language Summary: Intussusception occurs when an upper part of the bowel invaginate into the lower adjacent segment.
Usually, the small intestine slides into the wider large intestine. It is the common cause of gut obstruction in children below 3 years of
age. It occurs in 2 out of 1000 children, and the cause is not known in 95% of the cases.

Most of the children are treated without surgery. If left untreated may complicate life-threatening conditions. The non-surgical
management is feasible in a child who is not critical. It is achieved by putting air or suitable fluids under pressure through a tube to the
rectum. The fluid in the rectum flows to the intestine creating a pressure that pushes back the invaginated intestine to its normal
position. The reduction is followed by an ultrasound of the belly. Currently, this technique is widely practiced with reasonable success
rates.

In some children, the reduction with this technique may fail due to different conditions. So, our study was aimed at identifying the
possible factors that are responsible for the failure of reduction. The success rate of reduction during our study period was 81.6% (144/
176). This study has identified that in children with blood-mixed mucous in stool during illness, the Presence of belly distention, and
the presence of known causes of intussusception detected by ultrasound during the examination of the child significantly contributed to
failure of non-surgical reduction.
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Introduction

Intussusception is one of the most frequent causes of bowel obstruction in infants and toddlers. Intussusception occurs
when a proximal bowel telescopes into the distal bowel. This condition happens at a rate of 1 to 4 in 2000 infants and
children. In most series, there are reports of higher male proportion with seasonal variation and 90% of the cases are
children within 3 years of age.! The most common type of intussusception is idiopathic which accounts for 95% of the
cases and about 4% of cases are secondary to pathologic lead points. A rare variant of postoperative intussusception most
often occurs in the small bowel after prolonged laparotomy with excessive bowel manipulation.'

Children with idiopathic intussusception are usually healthy and well-nourished. The classic presenting signs and symptoms
are crampy abdominal pain, abdominal mass, and passage of “currant Jelly” stool. The main investigative modality is abdominal
ultrasound which requires patience, skill, and accurate interpretation of findings. Given these conditions, sonography is a reliable
aid to the clinical diagnosis of intussusception. The diagnostic accuracy can reach up to 100% with experienced hands.” There are
also added advantages of being radiation-free and the capacity to be used in the management of intussusception.

The two most used methods of management of intussusception are operative and non-operative management. Non-
operative management is only feasible in a child who is hemodynamically stable without signs of peritonitis or bowel
perforation. Techniques of non-operative reduction of intussusception in children are barium enema or pressurized air
enema done under fluoroscopy, and UltraSound-Guided Hydrostatic Reduction (USGHR). The reported success rate of
non-operative reduction in different literature ranges from 46% to 94%. There has been a general shift toward the non-
operative management of intussusception in the past few decades, currently, most pediatric intussusceptions are being
managed with non-operative techniques with higher efficacy. In a meta-analysis done by Amuddhu et al there was no
statistical difference in the overall recurrence rate between successfully reduced intussusceptions in children managed at
inpatients and Emergency Department (ED) patients (8.8% Vs 10.1%). They concluded management of intussusception
in the ED after uncomplicated reduction appears acceptable.” Though can be done in an awake child without any form of
sedation in setups with limitations of resources, there is evidence showing the use of sedation while performing enema
reduction of intussusception is safe and can even increase the success rate.*

According to Kelley Quon et al, in hemodynamically stable children without critical illness, pre-reduction antibiotics
are unnecessary, and repeated attempts can be done when clinically appropriate.® A 96.77% success rate of a randomized
controlled trial conducted by Xiaolong Xie et al and 20 years of experience from France by Flaum indicated the safety of
the procedure in children with uncomplicated intussusception with a low complication rate.”* Ogundoyin et al from
southwest Nigeria reported a 58% success rate and Y. Mensah, Glover Addy et al from Ghana showed a success rate of
75% with a hydrostatic reduction.”'° In an Ethiopian single-center study by Wakjira et al, the success rate for hydrostatic
reduction was 87.2%, but the mainstay of management in most centers in Ethiopia was operative reduction.'’'?

Though there is a higher rate of failure of hydrostatic reduction in sub-Saharan Africa, literature describing the risk factors
for failure is lacking, also there are few papers available internationally. Kim et al conducted a systemic review and meta-
analysis reviewing 38 studies and found that fever, vomiting, and Sonography findings of left-sided intussusception, rectal
bleeding, trapped fluid, and ascites were associated with a failed reduction.' Nianam et al from China had similar findings."*

There is a paucity of research done locally and internationally that specifically tries to assess the predictors for failure
of hydrostatic reduction. There is no uniform guideline followed in performing USGHR and the number of attempts is
also not well described in the literature. There is no known regional literature describing factors associated with failed
USGHR of intussusception in children. This research will try to address this knowledge gap and try to determine the
factors associated with failed USGHR which can be used as input for the development of guidelines and further
recommendations based on the results of the study.

Materials and Methods
Study Setting and Design

It is a retrospective cross-sectional institution-based study conducted on all cases of pediatric acute intussusception
managed by ultrasound-guided hydrostatic reduction from May 2018 to July 2022. At Tikur Anbesa Specialized
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Teaching Hospital where full-time pediatric surgical services are given to children by Pediatric Surgery residents,
Fellows, and Consultants and is a high pediatric surgery load center with more than 1500 procedures performed yearly.

Source Population
All pediatric intussusception cases seen at Tikur Anbessa Specialized Hospital during the study period were included.

Study Population
All pediatrics intussusception cases for which ultrasound-guided hydrostatic reduction was done during the study period
and who met inclusion criteria.

Inclusion Criteria
All pediatric patients who were diagnosed to have acute intussusception and managed by ultrasound-guided hydrostatic
reduction during the study period.

Exclusion Criteria
Lost patient charts, incomplete patient data, those patients with intussusception who were directly managed surgically without an
attempt of ultrasound-guided hydrostatic reduction because of anticipated or proven clinical and radiologic contraindications.

Sample Size Determination
In a study conducted previously at Tikur Anbessa Specialized Hospital, the success rate following hydrostatic reduction
was 87.2%. Using this research, a failure rate of 13% was used as the proportion for the calculation of sample size in our
study. Based on the calculation indicated below, we set out to collect 174 data (cards) and we collected all available cards
of pediatrics patients for whom hydrostatic reduction was attempted and met inclusion criteria in the study period.

CI = 95% confidence interval, P value = 0.13, Z score = 1.96, 5% margin of error

Z°P(1 —P) 1.96*%0.13 % 0.87
n= —t= =174
d 0.0025

Measurement/Variables
Dependent Variable
The outcome of ultrasound-guided hydrostatic reduction of intussusception in children.

Independent Variable

Age, sex, duration of symptom, presence of vomiting, bloody diarrhea, abdominal cramps, finding of abdominal mass,
palpable mass in the rectum, record of fever, number of hydrostatic reduction attempts, and ultrasound findings: the type
of intussusception, presence of pathologic lead point, length of intussusception, trapped fluid in the intussusception,
presence of free peritoneal fluid also trapped lymph nodes in the intussusception.

Data Management

Epidemiologic, clinical, and sonographic data were collected from each patient’s card. The tool was used to collect
information on the patient’s demographic, clinical, and radiologic findings as well as the success of ultrasound-guided
hydrostatic Reduction intussusception. The data were entered into MS Excel curated and then transcribed to IBM SPSS
Statistics 25 software for detailed analysis. The failed reduction was defined as those cases who failed to have a complete
reduction on guiding ultrasound after three or more attempts that lasted 5—10 minutes and were treated surgically.

Data Analysis

Data were analyzed using IBM SPSS Statistics 25. Descriptive statistics of the independent variables were done, and
correlation was identified. Binary logistic regression analysis was done to identify the risk factors associated with failed
hydrostatic reduction. The relationship between the clinical data and abdominal ultrasound findings with the outcome of
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ultrasound-guided hydrostatic reduction was analyzed. The P values were determined using paired comparisons of the chi-
square test. A value of p < 0.05 was considered statistically significant, and the results were presented using text, tables, and
a figure.

Results

Demographic Data

The study included a total of 174 cases of Ultra Sound Guided Hydrostatic Reduction performed at the emergency department.
None of the successful cases were admitted to the pediatric ward. Operative reduction was performed on those cases where the
hydrostatic reduction was not successful after repeated attempts of reduction or the vascularity of the bowel became
questionable on the Doppler probe. The minimum age at USGHR was three months and the oldest child was eight years
old with a median age of 21 months. Eighty-two percent of the USGHR was performed in children less than 3 years of age.
Boys accounted for 98 (56.3%) cases and girls 76 cases (43.7%). Most of the cases (77%) were from Addis Ababa city
indicating that most intussusceptions in children are not referrals from far away corners of the country.

Clinical Parameters

The mean duration of symptoms is 2.41 days ranging from 1 to 14 days with the most common symptom being
abdominal cramps in 172(98.8%) and the second most common symptom was vomiting accounting for 96.6% of cases.
Currant jelly type of stool was reported in 65 children (37.4%). At the time of arrival, only 16% of children had a fever,
and 22.4% of them were found to have a recent history of URTI. On physical examination, a sausage-shaped abdominal
mass was detected in 34 children (19.5%), and abdominal distention was found in 9.8% of children. On rectal digital
examination, only 7.5% of them had palpable mass felt on the examining finger. The classic finding of abdominal
cramps, currant jelly stool, and palpable abdominal mass was found in only 16 (9.2%) of cases (Table 1).

Pre-Hydrostatic Reduction Ultrasound Findings

Abdominal sonography was performed for each patient before any attempt at hydrostatic reduction. The most common type

was ileocolic intussusception (87.4%) followed by Colo-colic intussusception (5.75%). There were six cases of ileo-Colo-
Table | Demographic and Clinical Presentations of the Intussusception in Children

Managed with Ultra Sound Guided Hydrostatic Reduction from May 2018 to July 2022,
at Tikur Anbessa Tertiary Hospital, Addis Ababa, Ethiopia

Variables Successful Failed p-value
Reduction Reduction
n=142(%) n=32(%)

Age <6 7(4.9%) 6(18.8%) 0.0l
6-36 107(75.4%) 24(75%0
> 36 28(19.7) 2(6.2%)

Sex Male 77(54.2%) 21(65.6%) 0.24
Female 65(45.8%) 11(34.4%)

Duration < 24 hours 73(51.4%) 5(15.6%) <0.01
>24 hours 69(48.6%) 27(84.4%)

Vomiting Yes 136(95.8%) 32(100%) 0.24
No 6(4.3%) 0(0%)

Diarrhea Yes 15(10.6%) 3(9.4%) 0.84
No 127(89.4%) 29(90.6%)

URTI Yes 43(30.3%) 5(15.6%) 0.3
No 108(76%) 27(84.4%)

Currant jelly stool Yes 37(26%) 4(12.5%) <0.01
No 105(74%) 28(87.5%)
Abdominal distention Yes 5(3.5%) 12(37.5%)

No 137(96.5% 20(62.5%) <0.01
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Figure | The success rate of each attempt in Ultrasound-guided hydrostatic reduction of intussusception in children.

colic and ileo-ileo-colic intussusception each accounting for 3.45% of cases. Pathologic lead point was detected in nine
children (5.2%). The transverse colon was the closest location for the intussusceptum reached, accounting for almost half of
the locations (47.47%). Trapped lymph node was detected in more than half of the cases (54.6%) and trapped fluid was found
in 21.8%. Free peritoneal fluid was seen in 21.8% of the cases. The mean length of intussusception on sonography was 5.23 cm
on the longitudinal axis. The success rate of hydrostatic reduction during the study period was 81.6% (144) and the rest 18.4%
underwent operative management after failed attempts at hydrostatic reduction. The success rate of USGHR of intussuscep-
tion was noticed to drop with an increased number of attempts at reduction (Figure 1).

Association of Clinical Data and Ultrasound Findings with the Outcome of USGHR
The relationship between the clinical data and abdominal ultrasound findings with the outcome of USGHR was analyzed.
The p-values were determined using paired comparisons using the chi-square test. p <0.05 was used to determine
a significant association. The sex of the patient, abdominal cramp, vomiting, diarrhea, trapped lymph node on ultrasound,
and history of URTI did not show a significant association p >0.05. Presence of Abdominal distension and the type of
intussusception showed a statistically significant association with P <0.01 (Table 2).

Table 2 Ultrasound Features of the Intussusception in Children Managed with Ultra Sound
Guided Hydrostatic Reduction from May 2018 to July 2022 at Tikur Anbessa Tertiary
Hospital, Addis Ababa, Ethiopia

Variables Successful Failed p-value
Reduction Reduction
n=142(%) n=32(%)

Trapped fluid Yes 3(2.1%) 7(21.9%) p<0.01
No 139(97.9%) 25(78.1%)

Trapped lymph node Yes 74(52.1%) 21(65.6%) P=0.17
No 68(47.9%) 11(34.4%)

Free peritoneal fluid Yes 21(14.8%) 17(53.2%) p<0.01
No 121(87.2%) 15(46.8%)

Pathologic lead point Yes 4(2.8%) 5(15.6%) p<0.01
No 138(97.2%) 27(84.4%)

Type of Intussusceptions lleo colic 131(92.3%) 21(65.6%) p<0.01
lleo colo colic 2(1.4%) 4(12.5%)
lleo ileo colic 2(1.4%) 4(12.5%)
Colo colic 7(3.9%) 3(9.4%)
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Table 3 Independent Risk Factors for Failure of Ultra Sound Guided
Hydrostatic Reduction of Intussusception in Children from May 2018 to
July 2022 at Tikur Anbessa Tertiary Hospital, Addis Ababa, Ethiopia

Variables OR 95% CI p-value
Currant jelly stool 0.128 0.27-0.616 0.0l
lleo-ileo colic intussusception 0.055 0.005-0.597 0.017
Pathologic lead point 0.66 0.01-0.447 0.005
Abdominal distention 0.209 0.044-0.998 0.048

Risk Factors Associated with Failed USGHR

Binary logistic regression was used to identify the independent risk factors associated with failed hydrostatic reduction of
intussusception. Our analysis showed the presence of clinical findings of currant jelly stool and abdominal distension
showed a significant association (p <0.05). Sonographic findings of pathologic lead point and ileocolic intussusception
were independent risk factors (p<<0.05) associated with failed USGHR as shown in (Table 3).

Discussion

Since the introduction of the reduction of intussusception by warm saline using real-time sonography guidance in 1982 by Kim
et al USGHR has enjoyed major popularity.'> The lack of radiation exposure has made this method of reduction a favorable
management option for children with intussusception. Since 2013 USGHR has been used as the first line of management of
intussusception in children at Tikur Anbessa Specialized Hospital. All children with intussusception who presented without any
sign of peritonitis or bowel perforation are managed non-operatively. The introduction of USGHR has resulted in rewarding
results. Our study used a total of 174 samples and used logistic regression to find clinical and sonographic factors associated with
the failure of USGHR.

The success rate of USGHR in our study spanning over 4 years is 81.6%. This result is comparable with previously done
research on our setup which showed a success rate of 87.2%."" In this study, symptoms lasting for four days or more were directly
operated on and were not managed by hydrostatic reduction. This may be partly the reason for the modest decrement in the success
rate despite more experience gained in the past few years. A systemic review and meta-analysis done by Kim et al over 20 years
comprising 40,133 cases showed a similar rate of 82% and results are consistently higher than other sub-Saharan Africa reports
which showed a success rate of 58% in Nigeria and 75% in Ghana.”'%"3

The median age of presentation is 24 months with 82% under 3 years of age and male predominance implicating more than
half of USGHR performed were boys. All these findings are consistent with most reports on pediatric intussusception.' The classic
triads of abdominal cramp, abdominal mass, and currant jelly stool are reported in up to 30% of cases in most literature.' In our
research, this finding was found only in 9.2% which was much lower than others but higher than a report by Li, Y.'® The incidence
of intussusception secondary to a pathologic lead point was 5.2% matching with other literature reporting ranges from 1.5% to
12%." Like in similar studies by Xiaolong et al,'” age at presentation and duration of symptoms were associated with decreased
success rate on chi-square paired-wise comparison but were not statistically significant (P > 0.05) on binary logistic regression
analysis. Prolonged duration >12 hours in the Katz et al study and >24 hours in Fike et al studies were associated with decreased
reducibility."®!” On the contrary, some papers did not find the duration of symptoms as a relevant factor in the failure of
reduction.'**° Our research identified currant jelly stool as a risk factor for failed USGHR (P<0.05) in logistic regression analysis.
Other researchers also found bloody stool as a significantly poor prognostic factor.'*! The site of intussusception was
a statistically significant factor in reducing the success of hydrostatic reduction in some literature. Nianan et al found intussuscep-
tion on the left side of the abdomen had a lower rate of success (P<0.05)."* Fike et al also identified the colonic extent of
intussusception as having a statistically significant (P<0.01) association.'® We were able to identify a correlation on the chi-square
test but no significant association was drawn with logistic regression analysis.

Abdominal distention showed a statistically significant reduction in the success rate of intussusception (P<0.05). Gross
abdominal distention signifies significant bowel obstruction and is possibly caused by the late presentation. Having abdominal
distention at presentation, therefore, was a significant factor that resulted in a decreased rate of reduction with USGHR. Trapped
fluid and free peritoneal fluid on sonographic examination were not significant independent risk factors in our study (P>0.05). In
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research conducted by Nianan et al, these two factors were significant in lowering the success rate (P<0.05).'* Crystal et al found
the presence of trapped fluid (P<0.02) to significantly lower the success rate while free peritoneal fluid was found to be not the
predictor of outcome (P>0.1).?' The presence of a pathologic lead point suspected on ultrasound significantly reduced the success
rate (P<0.05). Ileo-ileo colic type of intussusception was found to be a statistically significant risk factor in logistic regression
analysis (P<0.05). To our knowledge, there are no papers that specifically try to correlate such different types of compound
intussusceptions and their implication in reducibility on USGHR. The overall findings of the risk factors for failure of USGHR of
intussusception in children in this study were comparable to similar studies or failures in other non-operative management
options.****

The retrospective nature of the research can be considered as one limitation. The procedure at our setup is performed
by a senior pediatric surgery resident or fellow accompanied by a radiology resident and with or without any sedation. In
some difficult cases experienced pediatric radiologists were involved. However, the research design did not take the level
of experience and whether done under sedation or not into consideration which might be a reason for the reduced success
rate. This can be considered another limitation of this study.

Conclusion

The research has identified the presentation of a child with currant jelly stool, abdominal distention, the presence of an
ileo-ileo-colic type of intussusception, and pathologic lead point are statistically significant predictors of failure of
hydrostatic reduction. Though Ultrasound-guided hydrostatic reduction is an efficient and safe way of non-operative
means of reducing intussusception in children, the presence of any one or more of the identified risk factors should raise
the possibility of failed hydrostatic reduction. The significant drop in success rate after repeated attempts of hydrostatic
reduction implies that repeated attempts should be exercised with caution.
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