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Abstract

Background: Intussusception is a major cause of acute abdomen in childhood. Prompt diagnosis and appropriate treatment of
intussusception is of prime importance for preventing morbidity and mortality. In this study, we aimed to investigate the effectivity
of ultrasound (USG)-guided hydrostatic reduction of intussusception with saline and to investigate the factors affecting the success
of this method.

Methods: A total of 100 children with intussusception who were treated by hydrostatic reduction with saline were retrospectively
reviewed. The effect of age, gender, duration of symptoms, rectal bleeding, number of reduction attempts performed, and the di-
ameter and length of the invaginated segment measured on USG were evaluated.

Results: Successful reduction was achieved in 88 (88%) patients. Mean age was 24.83 months, with 25.59 months in patients with
successful reduction and 20 months in patients with failed reduction. Reduction was successful in 83.9% of the patients with a
history of rectal bleeding and in 94.7% of the patients with no history of rectal bleeding (P > 0.05). Mean duration of symptoms
was 2.74 days in the patients with successful reduction and 4.33 days in the patients with failed reduction. The mean diameter and
length of the invaginated segments measured on USG were 3.5 cm and 5.12 cm in the patients with successful reduction and 4.27
cm and 9.23 cm in the patients with failed reduction, respectively. No significant difference was observed between the patients with
successful and failed reduction in terms of rectal bleeding, vomiting, gender, age, and body weight (P> 0.05). It was also found that
success rate increased as the number of reduction attempts increased and the success rate decreased as the duration of symptoms
and the diameter and the length of the invaginated segment increased (P < 0.05).

Conclusions: In conclusion, USG-guided reduction of intussusception with saline is a practical and safe method that yields high
success rates. Repeating this method in patients with partial reduction that are clinically stable leads to a significant increase in
the success of the procedure. A prolonged duration of symptoms and an increase in the size and the diameter of the invaginated
segment may have adverse effects on the success of the procedure.

Keywords: Hydrostatic Reduction, Saline, Intussusception

1. Background

Intussusception is the most common cause of bowel
obstruction in children aged between 3 - 24 months (1, 2).
The hallmark presenting symptoms of intussusception in-
clude vomiting and abdominal pain and the most com-
mon clinical findings include rectal bleeding and a palpa-
ble massin theright side of theabdomen (3). The diagnosis
of intussusception is often established based on the phys-
ical signs-symptoms and the radiological images. Ultra-
sonography (USG) is the method of choice and often pro-
vides a sensitivity and specificity approaching 100% in the
hands of an experienced radiologist (3). Although intus-
susception was previously treated by surgical methods, to-
dayitis mostly treated by pneumatic or hydrostatic enema

reduction under fluoroscopy or USG guidance.

In this study, we aimed to evaluate the effectivity of
USG-guided reduction of intussusception with saline and
to investigate the factors affecting the effectivity of this
method.

2. Methods

The retrospective study included 100 children who un-
derwent reduction of intussusception with saline in our
pediatric surgery department between 2010 and 2012. Age,
gender, duration of symptoms, rectal bleeding, diameter
and length of the invaginated segment measured on USG,
and the total amount of saline administered, based on
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body weight were recorded for each patient. Success rate
was also noted for each patient.

Definitive diagnosis was established by USG. Prior to
the procedure, vascular access was established and fluid
administration was achieved. Following the monitoring
process, the patients were provided with home comfort.
First, a cushion was placed under the head. Second, some
of the mothers sang songs or lullabies and some others
played music on their cell phones for their children. More-
over, a pacifier was given to the patients that sucked it.

The procedure was initiated by inserting a Foley
catheter into the rectum. The foley catheter was choosen
according to the body size of the children. 10 fr for chil-
dren under 1 year, 14 fr for 1 - 2 years, and 16 - 18 fr for
children which were older than 3 years, were used. The
catheter was inflated 4 - 5 times its normal size (20 - 25
cc) and then retracted to the entrance of the anal canal to
prevent fluid leakage. Prewarmed saline (36.5 - 37.5°C) was
placed 90-150 cm higher than the patient (90-150 cm H,0
pressure) and introduced into the rectum and the proxi-
mal part of the colon. The patient was closely monitored
throughout the procedure. Following the introduction of
the saline, the abdominal pain initially deteriorated but
was subsequently relieved completely and even the patient
fell asleep often .The diameter of the invaginated segment
was explored on USG.

The cases that could not be reduced or had a partial
reduction underwent a second reduction after 2 - 3 hours.
Open surgery was performed in the patients with no reduc-
tion in the invaginated segment. The patients with success-
ful reduction were monitored for 24 hours after the proce-
dure. Prior to hospital discharge, all the patients under-
went USG to check for recurrent intussusception. The pa-
tients with no pathologies were discharged uneventfully.

2.1. Statistical Analysis

For continuous variables, the success rates of the re-
duction procedure were analyzed using one-way ANOVA.
The relationships between categorical variables were ana-
lyzed using the chi-square test.

3. Results

The 100 patients included 58 (58%) boys and 42 (42%)
girls (Table 1). Reduction was successful in 88% of the pa-
tients, with 86.2% in boys and 91.5% in girls. Mean age was
24.83 months, with 25.59 months in patients with success-
ful reduction and 20 months in patients with failed reduc-
tion. Reduction was successful in 83.6% of the patients
with a history of vomiting and in all the 15 patients with no
history of vomiting. Reduction was successful in 52 out of

62 (83.9%) patients with a history of rectal bleeding and in
36 out of 38 (94.7%) patients with no history of rectal bleed-
ing. Mean duration of symptoms was 2.74 days in the pa-
tients with successful reduction and 4.33 days in the pa-
tients with failed reduction. Mean body weight was 11.49
kg in the patients with successful reduction and 10.67 kg
in the patients with failed reduction.

The mean diameter and length of the invaginated seg-
ments measured on USG were 3.5 cm and 5.12 cm in the pa-
tients with successful reduction and 4.27 cm and 9.23 cm
in the patients with failed reduction, respectively. Aprox-
imately 78 cc/kg saline was administered for every single
patient in each time.

According to our study; no significant difference was
observed between the patients with successful and failed
reduction in terms of rectal bleeding, vomiting, gender,
age, and body weight (P > 0.05). But it was also found
that success rate increased as the number of reduction at-
tempts increased and the success rate decreased as the du-
ration of symptoms, the diameter and the length of the in-
vaginated segment increased (P < 0.05).

4. Discussion

Intussusception is aleading cause of acute abdomen in
childhood. It has been reported to have an incidence of 1-4
in 2,000 infants and it is most commonly seen in children
aged between 3 months and 3 years (3). A delay in the diag-
nosis and treatment of intussusception may lead to bowel
necrosis and perforations, thereby resulting in death.

A number of surgical and conservative approaches
have been used in the treatment of intussusception. To-
day, conservative approach remains the method of choice,
which includes reduction with fluid (hydrostatic) or air
(pneumatic) enema under USG or fluoroscopic guidance.
The cases that cannot be reduced with hydrostatic and
pneumatic enema and present with diffuse peritonitis,
perforation, and deep shock are often reduced by open
surgery.

Barium enema was the mainstay method among the
conservative approaches and has been used for a long
time. However, it was superseded by pneumatic and hy-
drostatic reduction since it is likely to cause dramatic out-
comes such as peritonitis and even death in the presence
of perforation. Pneumatic reduction is performed with flu-
oroscopy guidance at 80 - 120 mmHg pressure. The ma-
jor disadvantage of this approach is the risk of tension
pneumo peritoneum in the presence of perforation. More-
over, since the whole procedure is performed under fluoro-
scopic guidance, both the relatives of the patients and the
health staff are exposed to ionizing radiation. Kim et al. de-
scribed a USG-guided hydrostatic reduction model in 1982,
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Table 1. Demographic Characteristics of Patients

All Successful Unsuccessful PValue

100 88 12 < 0,05

Age, mo 24,83 25,49 20 > 0,05
0,460

Gender (Male/Female), % 58/42 86,2/90.5 13,8/9,5 > 0,05
0,544

Vomiting Symptom (+/-) 85/15 73 (85,9)15 (100) 12 (14,1)/0 (0) > 0,05
0,134

Bleeding Gaita (+/-) 62/38 52(83,9)[36 (94,7) 10 (16,1)[2(5,3) > 0,05
0,099

Duraiton of symptoms 2,93 2,74 433 < 0,05
0,032

Weight, kg 11,39 11,49 10,67 > 0,05
0,565

Diameter of invaginated segment, cm 3,6 3,5 4,27 < 0,05

(0,006)

Lenght of the invaginated Segment, cm 5,61 5,12 9,23 < 0,05

(0,008)

in which they proposed that saline should be administered
through a foley catheter inserted in the rectum with the
saline container elevated to a height of 90 -150 cm. The au-
thors also suggested that reduction is performed through
the compression of the invaginated segment by saline un-
der USG guidance (4).

The roles of saline and air enema in the reduction
of childhood intussusception have been compared in nu-
merous studies (5-12). Although both methods have been
shown to be superior to one another, both of them are
widely used in clinical practice (6-11). Sadigh et al. con-
ducted a meta-analysis that reviewed 32,451 children and
reported that pneumatic enema yielded a success rate of
82.7% in 16,187 children and saline yielded a success rate of
69.6% in 13,081 children. The study also reported that the
success rate of pneumatic enema was significantly higher
than that of hydrostatic enema (10). On the other hand, Bai
et al. (13). reported a high success rate of 95.5% in their
large-scale study with 5,218 patients and Krishnakuma et
al. reported a high success rate of 96% (14). In our study,
the success rate was 88% and it was also observed that our
unsuccessful cases belonged to the times we used to ap-
ply this method at beginning. No perforation or mortal-
ity occurred in any of our patients. Although both ap-
proaches yielded high success rates in medical world, re-
duction with saline remains the mainstay approach in our
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clinic since it leads to lower exposure to ionizing radiation
and in addition, although this approach requires higher
dependency on radiologists, this disadvantage has been
eliminated by the USG experience gained by the pediatric
surgeons.

Anumber of factors have been shown to affect the suc-
cess of reduction with enema (Table 2) (15-20). These fac-
tors include age, gender, history of vomiting, rectal bleed-
ing, and abdominal pain, mesenteric lymphadenopathy,
length of the invaginated segment measured on USG, pres-
ence of free abdominal fluid on USG, bowel wall thickness,
duration of symptoms, sedation, lethargy, localization of
the intussusception, severe dehydration, small bowel ob-
struction, rectal prolapse of the invaginated segment, air-
fluid level on radiography, distension, diarrhea, consti-
pation and also number of reduction attempts (Table 3).
As seen in the although although there is no consensus
among the studies regarding the role of these factors, the
most common factors reported by these studies include
rectal bleeding (n =12), age (n =10), and duration of symp-
toms (n =10). Nevertheless, all of these studies and our
study as well have indicated that both approaches have
yielded similar success rates for both genders.

Literature shows thatrectal bleeding decreases the suc-
cessrate of reduction (18,19, 23-29). Rectal bleeding is an in-
dicator of edema and circulatory impairment and is seen
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Table 3. Number of Reduction Attempts

Number of reductions Total Successful Unsuccessful Operated PValue
1st Reduction 100 55 45 2

2nd Reduction 43 21 22 6

3rd Reduction 16 10 6 4

4th Reduction 2 2 (0] 0

All 100 88 12 12 < 0,05;0,016

in 60% of the patients with intussusceptions (3). Rectal
bleeding may occur both in the early and late stages of in-
tussusception and is a highly disturbing issue for the rel-
atives of the patients. In our study, rectal bleeding was
present in 62% of the patients. Moreover, the success rate
of reduction was relatively lower in the patients with rectal
bleeding compared to those without rectal bleeding but
no statistical difference was observed.

A prolonged duration of symptoms has been shown
to decrease the success rate of reduction in all the previ-
ous studies excluding the study by Taren et al. (17). These
authors reported that reduction was successful in 91% of
the patients and the duration of symptoms had no effect
on the success of the procedure. Similarly, Khorana et al.
also reported that the success of the procedure was not af-
fected within the first 48 h after the onset of symptoms but
started to decrease beginning from the third day after the
onset of the symptoms (25). When the duration of symp-
toms is prolonged, the compression of the mesenteric ar-
teries in the invaginated segment leads to bowel ischemia
and edema, thereby increasing the resistance and compli-
cating the reduction process. In our study, although suc-
cessful reduction was achieved in a13-year-old male patient
who presented to our clinic on the 10th day after the onset
of the symptoms, a prolonged duration of symptoms was
found to have adverse effects on the success of the proce-
dure. Moreover, we also found that the mean duration of
symptoms was 2.74 days in the patients with successful re-
duction and 4.33 days in the patients with failed reduction,
which supports the finding reported by Khorana that pos-
tulated that the success rate of reduction starts to decrease
beginning from the third day after the onset of the symp-
toms.

Intussusception has been shown to occur in 75% of the
casesaged below 2 yearsand in 90% of the cases aged below
3 years. The pathologic lead point has been reported to in-
crease with age, from 5% in children below the age of 1 year
to 60% in children aged between 5 - 14 years (3). Although
previous studies have indicated that age can be an effective
factor for the success of the procedure, the hypotheses pro-
posed by these studies remain controversial. Karadag et al,

Fallon et al, Khorana et al and Nayak et al. suggested that
age is an effective factor for the success of the procedure,
whereas our study and 5 other studies found that age has
no effect on the success of the procedure (15,19, 23, 25). Fal-
lon also postulated that the success rate in patients aged
below 1 year is relatively lower since these children may
be reluctant to undertake the aggressive intervention per-
formed by the radiologist (19). On the other hand, Khorana
suggested that body weight, rather than age, could be used
as a predictive factor in older patients since the lead point
is higher in these patients (25). In our study, the success
rate was relatively lower in the children with a body weight
of < 12 kg, which could be attributed to the lower bowel
size of these patients.

Therelationship between the length of the invaginated
segment measured on USG and the success of the proce-
dure has been investigated only by He et al. and Ozcan et
al. He et al. reported that the success rate was lower in
the patients with a length of > 7 cm, whereas Ozcan et al
found no relationship between the length of the invagi-
nated segment and the success of the procedure (21, 26).
In our study, we found that a 1-cm increase in the length
of the invaginated segment decreased the success rate by
236 times and the correlation between the length of the
segment and the failure of the procedure was statistically
significant. Moreover, the length of the longest success-
fullyreduced segment was 17 cm and the mean diameter of
the segments was 3.5 cm. A 1-cm increase in the diameter
of the segment statistically decreased the success rate by
3.47 times. Although bowel wall thickness has been investi-
gated by previous studies (30), to our knowledge, there has
been no study in the literature reporting on the diameter
of the segment.

Successful reduction was achieved in 55 (55%) of our pa-
tients in the first attempt. The procedure was repeated in
the patients in whom it could not be completely reduced
and had limited reduction in the last attempt. In these pa-
tients, successful reduction was achieved in the second at-
temptin 21(21%), in the third attempt in 10 (10%), and in the
fourth attempt in 2 (2%) patients. In a similar study, Pazo
et al. evaluated 21 patients with intussusception and re-
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ported that successful reduction was achieved in the sec-
ond attempt in 9 (43%) and in the third attempt in 4 (19%)
patients (31). Conversely, Naidch et al. reported that suc-
cessful reduction was achieved in the second attempt in
only 2 (13.6%) out of 17 patients (22). In addition, Fallon et
al. Flaum et al. and Briton et al. suggested that the suc-
cess rates increased as the number of attempts increased
(19,30).

History of vomiting is a cardinal symptom of intussus-
ception and was seen in 85% of our patients. Although Fal-
lon et al. Khorana et al. and He et al. reported that the his-
tory of vomiting led to lower success rates, no significant
correlation was found in our study between the history of
vomiting and the success of the procedure (19, 25, 26).

4.1. Conclusions

USG-guided reduction of intussusception with saline is
a practical and safe method that yields high success rates.
Repeating this method in patients with partial reduction
that are clinically stable leads to a significant increase in
the success of the procedure. A prolonged duration of
symptoms and an increase in the size and the diameter of
the invaginated segment may have adverse effects on the
success of the procedure.
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