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ABSTRACTABSTRACT

INTRODUCTION:INTRODUCTION: In some cases, surgical treatment is necessary to manage intussusception despite advances in enema
reduction. The purpose of this study was to analyse treatment in two tertiary referral university centres for paediatric surgery
to identify time-related factors influencing treatment of intussusception.

METHODS: METHODS: This was a retrospective two-centre chart review, performed for all patients under the age of 16 years who
underwent treatment for intussusception during the period from 2005 to 2015. Demographic data and data on different time
intervals from symptom debut to end of treatment and compliacations were retrieved from the medical record.

RESULTS: RESULTS: A total of 158 children were included. Non-surgical reduction was used as the primary treatment modality in 48%
and intussusception was successfully reduced in 32% of these cases. The non-surgical success rate was found to be significantly
higher when the diagnosis was confirmed within four hours of hospitalisation (p = 0.003). A lower rate of bowel resection was
observed when the diagnosis was confirmed within four hours of hospitalisation (p = 0.026) and treatment was initiated within
six hours of hospitalisation (p = 0.033).

CONCLUSIONSCONCLUSIONS: This study found a relatively low utilisation rate for enema reduction and an overall low enema success rate.
The success rate of enema was significantly higher and the intestinal resection rate lower when the diagnosis was confirmed
within four hours of hospitalisation, which underpins the importance of a quick and timely diagnosis.

FUNDING: FUNDING: none.

TRIAL REGISTRATION: TRIAL REGISTRATION: not relevant.

.

Intussusception is the most frequent cause of intestinal obstruction in early childhood with 80% of cases
occurring before the age of two years [1]. A pathologic lead point can be identified in approximately one quarter
of the cases, whereas the majority are idiopathic [2]. Viral infection with associated hypertrophy of the Peyerʼs

patches and hypermotility have been suggested as pathogenesis [3]. Among the pathological lead points are
Meckelʼs diverticulum, lymphoma, polyps, duplication cysts and bowel wall tumours [4]. Symptoms of
intussusception are often insidious with abdominal pain, bloody stool and a palpable abdominal mass forming
the classic triad. However, this triad occurs in only half of patients [5].

Abdominal ultrasonography is the gold standard investigatory method, demonstrating a sensitivity and
specificity of almost 100% [6, 7]. Alternatively, a combination of enema and plain abdominal X-ray can be used.
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The advantage of a diagnostic enema is the possibility of immediate reduction of the intussusception. The
disadvantages of this method are a low sensitivity for small bowel intussusception and exposure to ionizing
radiation [7]. Plain abdominal X-ray alone has a low sensitivity of 45-90% [6, 7].

Hydrostatic or pneumatic reduction is the gold standard treatment. Its success rate depends on symptom
duration and radiological experience, and varies from 40% to 90% [8-10]. In cases of failure in enema reduction
or if a successful result is not expected due to clinical conditions or long-lasting symptoms, primary surgery may
be indicated despite a higher risk of complications and intestinal resection [11]. The aim of the present study was
to explore the use of primary hydrostatic reduction versus surgery in a clinical setting and evaluate the success
rate of hydrostatic reduction and the rate of intestinal resection in relation to different time intervals according
to disease course.

METHODSMETHODS

A retrospective study was conducted according to the STROBE statement for observational studies [12]. Medical
records of children aged 0-15 years undergoing treatment for intussusception were reviewed. Records were
collected from January 2005 to December 2015. To obtain an estimate of the number of children with
intussusception in all of Denmark, a search was conducted in the Danish National Patient Register (DNPR) for the
same period, including all children aged 0-15 years with an intussusception as identified by ICD-10 codes (DK561,
DK561A, DK561B, DK561C, DK561D) combined with procedure codes for surgery (KJFL00, KJFB20, KJAH01,
KJFB00, KJFB30, KJFB33) and radiology intervention (UXRD31, UXRD00, UXRD25).

Non-operative treatmentNon-operative treatment

For hydrostatic reduction, a wastersoluble contrast enema was used and administered slowly into the rectum by
a catheter to a maximal pressure of 120 mmHg. An enema reduction was considered succesfull when a sudden
drop in pressure was oberved together with contast filling of the terminal ileum. Enemas were carried out by the
attending radiologist. In our departments, it was not possible to have access to a specialised paediatric radiologist
at all times.

Indication for non-operative or operative treatmentIndication for non-operative or operative treatment

The indication for operative or non-operative treatment was based on a clinical evaluation of the child´s general
health condition made by the attending surgeon. Children with an acceptable clinical condition (no sepsis or
peritoneal redundance) were referred for non-operative treatment. Children whose condition was considered
problematic for non-operative treatment or with failure of previous non-operative treatment were referred for
operative treatment. The decision to make a bowel resection or not was made at the discretion of the surgeon.

Data recordedData recorded

The following demographic data were retrieved from the medical records: gender, age, diagnostic and
therapeutic radiology interventions, surgical reduction or resection, pathological reports and post-operative
complications according to the Clavien-Dindo classification [13]. The following time points were registered
during the disease course: onset of symptoms, hospital admittance, time of diagnosis, time of treatment
initiation and discharge. The intervals separating the time registrations were subsequently calculated.

Statistical analysisStatistical analysis

Demographic data are presented as absolute numbers with percentages, unless otherwise indicated. Missing
time registrations were left blank in the datasheets and not included in the calculations. The unadjusted

relationship between the time intervals and primary treatment modality was assessed using an independent χ2-
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test. For the statistical analysis, the duration of the different time intervals was divided into two groups for each
time interval: above and below the median value. p ≤ 0.05 was considered significant. All data were statistical
analysed.

Ethics and approvalsEthics and approvals

The present study was approved by the Danish Data Protection Agency (REG-16/7304) and the Danish Patient
Safety Authority (REG-3-3013-1593/1).

Trial registration:  not relevant.

RESULTSRESULTS

A total of 363 children were identified in the DNPR of whom 190 (52%) were treated outside our institutions and
therefore not included in the present study. Among the 173 children identified at our institutions by chart
review, ten were excluded due to incorrect diagnoses and five were excluded because no further treatment was
needed after transfer to the university centre. Among the 158 included patients, the majority were male (72.2%)
and the overall median age was zero years ranging from zero to 12 years.

Enema and referralEnema and referral

Among the 158 children treated at our institutions, 76 were initially diagnosed with intussusception at the
referring hospital, 61 of whom were transferred directly to a university centre for treatment. A failed radiological
reduction was the reason why the remaining 15 children went directly to surgery (Figure 1Figure 1). Among the 82
children with primary referral to the university centre, an enema was used as the initial treatment in 43.9% of
the cases. The success rate of enemas was 27.8%. In patients diagnosed at a referral centre, approximately half
(32 out of 61) underwent an attempted enema reduction with a success rate of 37.8%. The difference between the
two groups was not significant. The intestinal resection rate was significantly lower in the group of patients
referred from another hospital than in the group referred directly to the university hospital. The values were
30.6% and 56.9%, respectively (Table 1Table 1).
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SurgerySurgery

Overall, 136 (86.1%) of the 158 included children underwent surgery. In 129 cases, an open procedure was
performed, whereas a laparoscopic approach was used in seven cases of which three were converted to open
surgery. Intestinal resection was performed in 63 of the surgically treated patients (46.8%).

Post-operative complicationsPost-operative complications

Post-operative complications during the first 30 post-operative days were registered in 12 patients (8.9%). Four
(2.9%) were reoperated (Clavien-Dindo grade ≥ 3b); two because of ileus due to peritoneal adhesions and two
because of a wound infection. No mortalities occurred.

Time intervalsTime intervals

The relationship between each of the calculated time intervals and the following end points was analysed:
primary treatment modality, definitive treatment modality and the result of any primary enema treatment. A
significantly higher use of enema as the primary treatment modality was observed when the intussusception
diagnosis was confirmed within four hours of hospitalisation (p = 0.003) (Table 2Table 2).

The rate of intestinal resection was significantly lower when the intussusception diagnosis was confirmed within
four hours of hospitalisation (p = 0.026) and when treatment was initiated within six hours of hospitalisation (p =
0.02) (Table 2). The median times for each time interval are summarised in Table 3Table 3.
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DISCUSSIONDISCUSSION

Our results showed a low rate of success for reduction by enema and a high incidence of intestinal resection
during surgical treatment compared with previous literature. A duration of symptoms exceeding 24 hours was
associated with a lower likelihood of successful enema reduction, whereas in another study a duration exceeding
12 hours was found to be a significant predictor of an unsuccessful enema [14, 15]. In the present study, we
found that a median duration of 37.3 hours from symptoms to start of treatment was associated with a successful
enema, although this association was not significant. Subgroup analyses of the different time intervals in this
study demonstrated a significantly lower rate of bowel resection when the time from hospitalisation to start of
the treatment time was less than six hours. We also observed a significantly lower rate of bowel resections in the
group of children diagnosed at a referring hospital. This is in contrast to the result of McAteer et al who found
that bowel resection was more likely at a hospital without paediatric surgeons (59.3%) than at a hospital with
paedatric surgeons (33%) [16].

The hospital setting may also be important. Blanch et al found that children who initially presented with their
symptoms at a specialised hospital had a 90% rate of successful enema reduction, whereas only 74% of those who
initially presented at a non-specialised hospital underwent reduction surgery [10]. In our study, the success rate
was only 32%.

The total post-operative complication rate was 8.6%, and four children (2.9%) needed re-intervention under
general anaesthesia, two due to wound infection and another two due to ileus. The laparoscopic approach was
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uncommen and had a high conversion rate. Generally, the mortality rate among children treated for
intussusception is very low [17-19], and mortality was zero in our study.

This study has several limitations, including its retrospective design and a relatively large amount of missing data
in time interval registrations due to a lack of time registrations in patients charts, especially in the beginning of
the study period. Furthermore, for the patients who were transferred from a referring hospital, we had no
access to the patient charts from the referring hospital.

The study only includes 44% of the children treated for intussusception in Denmark during the inclusion period;
the remaining children were treated outside the two tertiary referral centres in Denmark for paediatric surgery,
preventing access to the treatment results.

ConclusionsConclusions

This study found a relatively low utilisation rate for enema reduction and an overall low enema success rate. The
success rate of enema was significantly higher and the intestinal resection rate lower when the diagnosis was
confirmed within four hours of hospitalisation, which underpins the importance of a quick and timely diagnosis.
The post-operative complication rate was low and no deaths occurred.
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