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Abstract

Objective: Intussusception is a common acute abdomen in infants. With the excellent sensitivity and
specificity, ultrasonography has become the preferred imaging method for diagnosis of intussusception.
Our study aimed to investigate the efficacy of pneumatic and hydrostatic reposition with surveillance of
ultrasound in the treatment of intussusception.
Methods: A total of 201 children and infants with intussusception diagnosed by ultrasonography were
collected from June 2011 to January  2016 in our hospital.  The patients were divided into two groups for
different treatments (pneumatic or hydrostatic reposition). The successful rates of two methods were
compared. In addition, the factors affect the treatment outcomes were also identified.
Results: The success rate of pneumatic reposition was 91.6% and the success rate of hydrostatic
reposition was 86.7%. The success of treatment was negatively correlated with the course of disease and
the weight of the patients. In addition, the patients with lesion sites in the upper part of the abdomen
usually showed better treatment outcomes compared with the patients with lesion sites in other parts.
Conclusion: Ultrasonography, which can avoid radioactive examination, is safe and effective in the
diagnosis and treatment of paediatric intussusception. Pneumatic and hydrostatic reposition both
showed satisfactory success rate but pneumatic reposition was better.
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Introduction
Intussusception is medical condition that one segment of the
bowel folds into an adjacent segment [1]. Although a variety of
factors including anatomical factors, infections and altered
motility were shown to be correlated with the onset and
development of intussusception, the mechanism of this disease
is still unknown [1-3]. The death caused by intussusception is
rare with a fatality rate below 1% [4]. However, the clinical
symptoms caused by intussusception, including periodic
abdominal pain, vomiting, nausea or even rectal bleeding and
dyspnoea, can seriously affect the patient’s health [5].
Intussusception is mostly observed in children and has been
shown to be the most common acute abdominal disease in
children below 2 y old and the second most important cause of
intestinal obstruction in the children with pyloric stenosis [6].
Previous studies have shown that the timely management of
the intussusception can usually lead to satisfactory treatment
outcomes, while delayed treatment may cause bowel
perforation and infarction or even death [7]. Therefore, the
early diagnosis is the key for the treatment of intussusception
[7,8].

Accurate imaging plays an essential role in the diagnosis of
intussusception [9]. Abdominal radiography is usually the first

diagnostic test for the patients with abdominal pain. However,
it has been proved that the sensitivity and specificity of x-rays,
which ranged from 36%-90% and 45%-90%, respectively,
were usually not enough for the diagnosis of intussusception,
and more than one-fifth of patients with proven intussusception
showed normal X-ray results [10,11]. A recent clinical study
also showed that abdominal radiography was not necessary for
the diagnosis of children with intussusception [12]. Compared
with abdominal radiography, the higher sensitivity and
specificity of ultrasound make it the ideal choice for
diagnosing intussusception [13]. In addition, radioactive
examination was avoided in the application of ultrasound,
which in turn significantly increased the safety of the diagnosis
[13]. Clinical practice has proved that the success rate of
ultrasound guided hydrostatic reposition reached 90% in the
treatment of intussusception in children between 3 months and
2 y old [14]. Recently, ultrasound combined with pneumatic
reposition was also reported to be safe and effective in the
treatment of children with intussusception, and the success rate
was reported to be higher than 80% [15,16]. So, it will be
interesting to compare the efficacy of those two treatments to
find the better way for the diagnosis of treatment of
intussusception.
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In our study, the children and infants with intussusception were
subjected to pneumatic reposition or hydrostatic reposition
with surveillance of ultrasound. The success rates of those two
methods were compared and the factors that determine the
success of the treatment were also discussed.

Materials and Methods

General information
201 cases of children with intussusception were collected from
June  2011  to  January  2016  in  the  First  Affiliated  Hospital
of   our    University.   Surgical   treatment    is   performed   for
19 cases of the patients due to intestinal inflammation,
intestinal perforation, moderate abdominal pain and other
contra indications. The other patients (182 cases) received
pneumatic or hydrostatic reposition. Among the patients, there
were 102 boys and 80 girls, and the age ranged from 2 months
to 7 y with an average aged of 25.6 months. The main clinical
manifestations include vomiting, recurrent abdominal pain or
irritable crying, jam-like stool and abdominal mass. All the
patients or their family members signed the informed consent
and this study was proved by the Ethics Committee of our
Hospital.

Ultrasonography
GE Logiq-7 color Doppler ultrasound system (GE, USA) was
for ultrasonic examination. Intrarectal application of
midazolam solution (0.4 mg/kg) was performed for the
children with irritable crying before examination. The children
were fixed in supine position. The abdomen was scanned with
probe frequency of 2-5 MHz and appropriate probe pressure.
The probe was moved slowly to check the presence of
abnormal mass, intestinal expansion, peristalsis
hyperthyroidism, peritoneal effusion etc. If the abnormal parts
were found, linear high-frequency probe (6-10.0 MHz) was
used to scan the vertical, horizontal and oblique sections of
abdomen with a focus on the internal structure of the mass. The
transverse section of the lesion site of intussusception showed
concentric circle, and the longitudinal section was “sleeve-
like”. Intestinal cavity gas can show pseudo-kidney sign.
Longitudinal section was used to measure the length of the
nesting section.

Pneumatic reposition with surveillance of ultrasound
The patients were fixed in supine position with help from their
parents if necessary. Foley tube was inserted into the anus. The
buttocks were tightened with tape or hands to prevent the
dropping of anal canal and gas leakage. Inflation pressure was
adjusted according to the course of disease and the length of

the lesion area. The treatment was started with low pressure (7
kPa) for 20 s, then the pressure was gradually increased (0.5
kPa for each time) to reach the maximum gas pressure of 16
kPa. It took 3 min to finish the whole procedure, and the whole
procedure was repeated several times until the reposition was
achieved. The reposition was achieved with the entrance of
large amount of air into ileum and the disappearance of mass.
Gas pressure was recorded.

Hydrostatic reposition with surveillance of ultrasound
The patients were fixed in supine position with help from their
parents if necessary. Foley tube was inserted into the anus. The
buttocks were tightened with tape or hands to prevent the
dropping of anal canal and gas leakage. Physical saline was
used as an enema. Water pressure was determined according to
the age of the patients. The maximum water pressure for the
patients below 6 months old was 90 mmHg (1 mmHg=0.1333
kPa), and the maximum water pressure was 130 mmHg for the
patients above 6 months old. The temperature of the
physiological saline was maintained at 37°C, and the enema
administration unit was placed at a height of 1 to 1.2 m from
the treatment bed. The disappearance of “concentric circles”
showed by ultrasound and the disappearance of resistance in
colon or ileocecal indicated the success of reposition. The
second treatment was performed if failed in the first time, and
the treatment could be repeated up to 4 times.

All patients who received pneumatic or hydrostatic reposition
were monitored during their hospitalization. Ultrasonography
was performed again between 12-24 h after treatment to avoid
early recurrence of intussusception.

Statistical analysis
All the monitoring data were analyzed using GraphPad Prism
5.0 statistical software. Chi-square (Fisher’s exact) test or
Student’s t-test was used for univariate analysis. All analytical
data were expressed as mean ± SD (mean ± SD), and p<0.05
was statistically significant.

Results

The comparison of the basic information of the
patients in two groups
The basic information of patient, including gender, age, weight
course of disease, temperature etc., was compared between two
groups. As shown in Table 1, no significant difference was
found in the basic information between groups, indication, the
patients involved in those two groups can be used as the
subjects for comparison study.

Table 1. The comparison of the basic information of the patients in two groups.

Characteristics Pneumatic reduction (n=107) Hydrostatic reduction (n=75) p value

Gender    
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Male 73 41 0.087

 
Female 34 34

Age (month) 24 25.5 0.642

Weight (kg) 10.7 12.5 0.578

 

 
Weight ≤ 13 kg 66 45

Weight>13 kg 41 30

Duration (h) 25.2 24.4  

0.804

 
Duration ≤ 48 h 81 50

Duration >48 h 26 25

Vomiting 94 59 0.104

Abdominal pain 81 47 0.07

Bloody stool 78 46 0.1

Location    

0.284

 
Lower side 48 27

Upper side 59 48

Temperature (°C) 37.8 37.6  

0.538

 
Temperature ≤ 37.8°C 68 44

Temperature>37.8°C 39 31

Treatment outcomes of pneumatic reposition with
surveillance of ultrasound
A total of 107 patients, including 73 boys and 34 girls,
received pneumatic reposition. As shown in Table 2, the
success of reposition was observed in 98 cases, accounting for
91.6 % of all the patients. Our data also showed that the
average weight and temperature of patients in success group
was significantly lower than those of the patients in failure
group (10.2 vs 15.6, p=0.002; 37.5 vs 38.6, p=0.011). The
course of disease in success group was significantly shorter
than in failure group (22 vs. 60, p<0.001). In addition, the
patients with lesion sites in the upper part of the abdominal
cavity showed significantly better outcomes than the ones with
lesion sites in other parts (p=0.01). Our data suggested that the
success of pneumatic reposition was negatively correlated with
the weight and temperature of the patients and course of
disease. The position of lesion sites also determined the
treatment outcomes.

Table 2. Treatment outcomes of pneumatic reposition with
surveillance of ultrasound.

Characteristics Success (n=98) Failure (n=9) p value

Gender    

Male 67 6 0.917

 
Female 31 3

Age (month) 23.8 26.6 0.709

Weight (kg) 10.2 15.6 0.002

 

 
Weight ≤ 13 kg 65 1

Weight>13 kg 33 8

Duration (h) 22 60  

<0.001

 
Duration ≤ 48 h 79 2

Duration >48 h 19 7

Vomiting 86 8 0.921

Abdominal pain 75 6 0.6848

Bloody stool 70 8 0.259

Location    

0.01

 
Lower side 40 8

Upper side 58 1

Temperature (°C) 37.5 38.6  

0.011

 
Temperature ≤ 37.8°C 66 2

Temperature>37.8°C 32 7

Treatment outcomes of hydrostatic reposition with
surveillance of ultrasound
There were 75 patients, including 40 boys and 35 girls,
received hydrostatic reposition. As can be seen in Table 3, the
success of reposition was observed in 65 cases, accounting for
86.7 % of all the patients. Our data also showed that the
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average weight and temperature of patients in success group
was significantly lower than that of the patients in failure group
(11.8 vs. 16.9, p=0.012). The course of disease in success
group was significantly shorter than in failure group (18 vs. 66,
p=0.013). In addition, the patients with lesion sites in the upper
part of the abdominal cavity showed significantly better
outcomes than the ones with lesion sites in other parts
(p=0.003). Our data suggested that the success of hydrostatic
reposition was negatively correlated with the weight of the
patients and course of disease. The position of lesion sites also
determined the treatment outcomes.

Table 3. Treatment outcomes of hydrostatic reposition with
surveillance of ultrasound.

Characteristics Success (n=65) Failure (n=10) p value

Gender    

0.716

 
Male 35 6

Female 30 4

Age (month) 25.2 27.1 0.792

Weight (kg) 11.8 16.9 0.012

Weight ≤ 13 kg 43 2

Weight>13 kg 22 8

Duration (h) 18 66  

0.013

 
Duration ≤ 48 h 47 3

Duration>48 h 18 7

Vomiting 52 7 0.436

Abdominal pain 38 9 0.08

Bloody stool 40 6 0.926

Location    

0.003

 
Lower side 19 8

Upper side 46 2

Temperature (°C) 37.2 37.8  

0.927

 
Temperature ≤ 37.8°C 38 6

Temperature>37.8°C 27 4

Comparison of the success rates of the two treatments
Pneumatic reposition and hydrostatic reposition with
surveillance of ultrasound are the two most commonly used
methods in the treatment of intussusception. Our data showed
that the success rate of pneumatic reposition was 91.59%, and
the success rate was 86.67% for hydrostatic reposition. Both
the two treatments achieved satisfactory efficacy. Although the
success rate of pneumatic reposition was slightly higher than
that of hydrostatic reposition, no significant differences were
found between them. Our data suggested that both the methods
can be used in the treatment of intussusception (Figure 1).

Figure 1. Comparison of the success rates of the two treatments.

Discussion
Intussusception is the most common cause of intestinal
obstruction in infants and children with the incidence higher in
male than in female [17]. Consistent with previous studies,
there were 102 boys and 80 girls diagnosed with
intussusception in our study, the male/female ratio are 1.275:1.
The classic clinical symptoms of intussusception include
palpable abdominal, red currant jelly stools and abdominal
pain. However, clinical studies have shown that the classic
symptoms can only be observed in one-third cases of
intussusception [18]. In our study, some patients showed the
symptoms of vomiting and irritable crying. Therefore, the
clinical judgement is only enough for the diagnosis of
intussusception, and imaging should be applied. Radiography,
Computed Tomography (CT) and ultrasound are the three
imaging methods widely used in the detection of
intussusception [19]. Radiography was used widely in the
diagnosis of intussusception. However, radiography was not
recommended to be used in routine workup of suspected
intussusception now due to the unacceptably low specificity
and sensitivity was well as the safety issue caused by the using
of radiation examination [10,19]. CT can be used for equivocal
cases. However, the routine use of CT in the detection of
intussusception was also limited by the high radiation exposure
to the patients [17,20]. Ultrasound, in which the use of
radioactive material was avoided, is a relatively safe imaging
technique compared with radiography and CT [12,19]. In
addition, ultrasound can be highly specific and sensitive in
non-destructive testing [19]. All the characteristics of
ultrasound make it the most promising imaging methods in the
diagnosis of intussusception.

Ultrasound combined with hydrostatic reposition has been
proved to be an effective way in the diagnosis and treatment of
intussusception. With the real-time ultrasound, the whole
procedure of hydrostatic reposition can be monitored to
increase the safety of operations, which in turn increased the
success rate of treatment [13]. A recent study carried out by
Ahmad et al. has shown that 70 out of 78 patients with
intussusception showed satisfactory outcomes after the
treatment of hydrostatic reposition with the guidance of
ultrasound and the successful rate reached to 90% [21].
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Another study focused on the application of ultrasound-guided
hydrostatic reposition also shown a success rate of about 90%
in the diagnosis and the treatment of the intussusception
children patients with an age of 3 months to 2 y [13]. In our
study, 75 patients received hydrostatic reposition under the
guidance of ultrasound and 65 cases showed complete
reposition, accounting for 86.7% of all the patients, which is
close to the success rate that has been reported previously
[13,21]. The combination of pneumatic reposition and
ultrasound is another widely used method [14]. A clinical study
performed by Hasan et al. has found that the success rate of the
pneumatic reposition with the guidance of ultrasound in the
treatment of intussusception was 84.4% [20]. In our study, 107
patients underwent pneumatic reposition with surveillance of
ultrasound, and complete reposition was found in 98 patients,
accounting for 91.6% of all the cases, which is higher than the
success rate reported in previous studies [18]. We also
compared the success rate of the two methods, no significant
differences were found, indicating that both two methods are
effective and safe in the diagnosis and treatment of the children
with intussusception.

The identification of factors related to the success of treatment
is important for the prediction of treatment outcomes. A
previous study has shown that operative time of the treatment
and length of postoperative hospital stay were correlated with
the treatment outcomes, and age was not correlated with the
success rate [22]. In our study, the treatment outcomes of both
the two treatments were found to be negatively correlated with
the weight of the patients and course of disease. In addition, we
also found that the position of lesion sites also determined the
treatment outcomes. Those findings will helpful for the
physicians to choose the proper individual treatment strategy.

In conclusion, Pneumatic reposition and hydrostatic reposition
with surveillance of ultrasound both reached the success rate
higher than 86.67%. Although the success rate of pneumatic
reposition was slightly higher than that of hydrostatic
reposition, no significant differences were found between
them. The treatment outcomes were negatively correlated with
the weight of the patients and course of disease. The position
of lesion sites also determined the success rate. Reposition with
surveillance of ultrasound is safe and effective in the treatment
of intussusception, and should be popularized.
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