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Abstract In children with ileocolic intussusception sonogra-
phy is increasingly being used for diagnosis, whereas fluoros-
copy is frequently used for guiding non-invasive reduction.
This study assessed the success rate of radiation-free sonogra-
phy-guided hydrostatic reduction in children with ileocolic
intussusception, using novel well-defined success rate indices.
All children were evaluated who presented from 2005 to 2013
to the local university hospital with ileocolic intussusception.
The patients were treated with sonography-guided hydrostatic
reduction unless primary surgery was clinically indicated. The
according success rate was determined by indices of Bekdash
et al. They represent the ratio of persistently successful non-
surgical reductions versus four different denominators, depend-
ing on including/excluding cases with primary surgery and
including/excluding cases requiring bowel resection/interven-
tion. Fifty-six consecutive patientswere included (age, 3months
to 7.8 years). About 80 % of the patients presented until 24 h
and 20% until 48 h after the onset of symptoms. Seven patients
underwent primary surgery, with bowel resection required in
three cases. Hydrostatic reduction was attempted in 49 patients,
being permanently successful in 41 cases (selective reduction
rate 41/49=83.7 %; crude reduction rate 41/56=73.2 %). The
remaining eight patients underwent secondary surgery, with just

two patients not requiring surgical bowel resection/intervention
(corrected selective reduction rate 41/43=95.3 %). The com-
posite reduction rate was 87.2 % (successful/feasible reduc-
tions, 41/47). Conclusion: Radiation-free sonography-guided
hydrostatic reduction has a good success rate in children with
ileocolic intussusception. It may be particularly valuable in
centers that are already experienced with using sonography
for the diagnosis.
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Introduction

Ileocolic intussusception with telescoping of the terminal ileum
into the colon may be fatal if persistent, since the intussuscepted
bowel subsequently becomes ischemic, necrotic, and perforates
with associated peritonitis [1, 9, 19, 20]. However, with early
diagnosis and treatment, the disease has a good prognosis. In
young children, ileocolic intussusception is often idiopathic
without obvious lead point [1]. Classical clinical symptoms
are colicky pain, vomiting, and bloody stool, and the intussus-
ception may present as a palpable mass [1, 20]. However, these
signs and symptoms may not all be present or may have causes
other than intussusception. For differential diagnosis, an abdom-
inal ultrasonography is well suitable, having a high accuracy for
detecting and excluding ileocolic intussusception in children
[1, 15, 17, 19, 29]. Many cases can be non-surgically reduced
by air or contrast enema under fluoroscopic guidance [4, 19,
29]. An evolving alternative is sonography-guided hydrostatic
reduction that requires no radiation and no change of imaging
methods in case of sonography-based diagnosis [17, 21, 22, 25].

The purpose of this study was to analyze the failure and
success of sonography-guided hydrostatic reduction in a con-
secutive cohort of children with ileocolic intussusception.
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Patients and methods

Patients

From January 2005 to December 2013 (9 years), all children
were recorded who presented to the University Hospital of
Goettingen with ileocolic intussusception. In that city and its
surroundings, this is generally the site where the children with
suspected intussusception are admitted to by their physicians
or parents. Additional data were retrospectively retrieved from
patient charts, digital information systems, and archived so-
nography images. The local ethics committee waived ethical
approval of this type of study.

Sonography-based diagnosis

After obtaining the history, such as clinical examination, plac-
ing an IV line, and taking blood samples for laboratory studies,
patients with suspected intussusception generally received an
abdominal sonography shortly after admission. The abdomen
was studied by a 5MHz curved-array transducer and the bowel
by an 8 MHz linear transducer. Until July 2011, a HDI ATL
5000 ultrasound system (Philips, Hamburg, Germany) and
since then a Logiq E9 instrument (GE Healthcare, Solingen,
Germany) was used.

Sonography-guided hydrostatic reduction with saline enema

In clinically stable patients with confirmed intussusception, a
sonography-guided hydrostatic reduction [22, 25, 30] was
attempted with informed parental consent in agreement with
the pediatric surgeons. During regular hours, the procedure
was jointly performed by the author and his pediatric assis-
tants learning sonography, and during off-hours by one or
more of eight experienced pediatricians and pediatric sur-
geons. The patient was placed on the sonography table in
supine position without sedation. A Foley catheter was
inserted into the rectum, and the balloon was inflated with
about 5 mL of air to seal the anus and prevent outflow of the
saline [5]. The catheter was connected to a bag with warmed
saline, hanging 50–100 cm above the child (37–74 mmHg
pressure gradient). The reduction of the intussusception was
monitored using the linear sonography transducer. The saline
enema usually pushed back the intussuscepted bowel into the
ascending colon with little effort, but the remainder in front of
the ileocecal valve was frequently more resistant. For reduc-
tion of this remainder, up to three attempts lasting up to 3 min
were made with the saline bag elevated to 100–150 cm above
the child (74–110 mmHg) [14, 30]. Between such phases of
elevated hydrostatic pressure, the saline bag was lowered to
relieve the pressure and allow for bowel perfusion [30]. The
pressure was limited to such levels to avoid bowel perforation.
The hydrostatic reduction was considered successful if saline

was flowing through the ileocecal valve into the terminal
ileum [25] and if the completely reduced (and generally
wall-thickened) terminal ileum was visualized without resid-
uals of the intussusception. Unsuccessful cases were referred
to surgical reduction according to individual clinical deci-
sions. Patients with successful hydrostatic reduction were
routinely reevaluated by sonography the next day. This was
done earlier, if a recurrent intussusception was clinically
suspected. In recurrent intussusceptions up to two further
hydrostatic reductions were performed. If technically success-
ful but succeeded by a further recurrence then surgery was
performed [16], since a pathologic lead point might be caus-
ative to avoid bowel lesions and to provide a definite solution.

Primary surgical treatment

Patients with sonography-confirmed ileocolic intussusception
and markedly reduced general condition (as assessed on clin-
ical grounds, including lethargy) were treated by primary
surgical reduction without attempting hydrostatic reduction.
Additional bowel resection was performed as required.

Patient groups

For analysis, the patients were grouped by their outcome into
four major groups:

(A) Primary hydrostatic reduction successful without
recurrence;

(B) Primary hydrostatic reduction technically successful, but
recurrence leading to surgery;

(C) Primary hydrostatic reduction not possible, leading to
surgery;

(D) Primary surgery because of markedly reduced general
condition.

In this study, all patients of group (B) showed repeated
recurrence of the intussusception despite of technically suc-
cessful hydrostatic reductions; otherwise, an according patient
group “repeated reduction in recurrent intussusception, lead-
ing to permanent success” would have been defined. The
surgical groups (B−D) were furthermore subdivided into two
subgroups: (1) pure surgical reduction and (2) with bowel
resection or other intervention that was required in addition
to surgical reduction.

Indices of success in hydrostatic reduction

The success rate of sonography-guided hydrostatic reduction
was determined by four indices defined by Bekdash et al. [3].
They represent the ratio of persistently successful non-surgical
reductions versus four different denominators, depending on
whether all patients or just the attempted non-invasive
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reductions are included and depending on whether patients
requiring bowel resection/intervention are included or exclud-
ed (Tables 1 and 2). Additionally, the “technical success rate”
of hydrostatic reduction was calculated, with technical success
defined as complete reduction, also if the intussusception
recurred within 48 h (Table 2).

Statistical analysis

The patient data were summarized by standard descriptive
statistics. Differences between the patient groups (A−D) were
studied by analysis of variance for ranked and continuous
covariates, and by a generalized linear model for binomial
count data. SAS 9.3 (SAS Institute, Cary, N.C., USA) was
used for statistical analysis with the significance level set to
P<0.05.

Results

All patients

During the 9-year study period, 56 consecutive children
were diagnosed with ileocolic intussusception. One further
patient with failed hydrostatic reduction showed
ileoileocolic intussusception at surgery and was excluded
from this study. Among the patients with ileocolic intus-
susception, the age ranged from 3 months to 7.8 years
(mean 2.4 years) with a small peak at ages of 6–12 months
(21 % of patients). About 59 % of patients were male (33
of 56). About 60 % of patients presented until 12 h, 20 %
until 24 h, and 20 % until 48 h after the onset of
symptoms. Colicky pain was the most common clinical
symptom (79 % of patients), followed by vomiting (38 %)
and bloody stool (9 %), and 96 % of the patients showed
at least one symptom of this classical triad. An abdominal
mass was palpable in 29 % of cases. The general condi-
tion was reduced mildly in 23 patients, moderately in 27
patients, and markedly in 6 patients. All patients were
treated by sonography-guided hydrostatic reduction and/or
by surgery and survived without disabilities. Among the

patients with hydrostatic reductions, one patient vomited
during the procedure but did not aspirate and none en-
countered bowel perforation. In all surgical cases, the
intussusception did not recur. Regarding the patient groups
and the success of hydrostatic reduction, there were no
significant differences between the 41 patients who pre-
sented during regular hours and the 15 patients who
presented during off-hours. Further results of the patient
groups A−D are provided in Tables 3 and 4 and in the
following.

Group A. Hydrostatic reduction without recurrence

Forty-one patients (73.2 % of all) were successfully
treated with hydrostatic reduction without recurrence.
Their age ranged from 6 months to 7.8 years. In most
cases (28 of 41), the intussusception reached to right
colic flexure. On average, hydrostatic reduction was
finished after 7 min (range, 3–14 min). The hydrostatic
reduction was significantly more successful in patients
presenting within 12 h after onset of symptoms
(90.6 %, 29 of 32) than in patients presenting later
(70.6 %, 12 of 17) (P=0.016). One case is presented
with sonography images elsewhere [25].

Group B. Hydrostatic reduction with recurrence,
leading to surgery

In five patients, the hydrostatic reduction was technical-
ly possible, but the intussusception recurred within
24 h. Up to two further hydrostatic reductions were
performed in these patients, always with technical success
but further recurrence. At surgery in one patient, a Meckel’s
diverticulum was resected, one patient received an ileocecal
resection with lymphofollicular hyperplasia of the terminal
ileum diagnosed at histopathology, and in three other patients
the cecum was fixed to the terminal ileum to prevent further
intussusceptions.

Group C. Hydrostatic reduction attempted but not possible,
leading to surgery

In three patients, sonography-guided hydrostatic reduc-
tion failed and the parents decided not for delayed
repeat enema but for surgery. Two patients had a lengthy
intussusception extending into the transverse colon. In
both patients, the intussusceptum was pushed back into
the cecum but the remainder could not be reduced.
Subsequent surgical reduction was performed without
bowel resection. In the third patient, the appendix was
involved into the intussusception, requiring resection.
All three patients additionally had gastroenteritis with
diarrhea and vomiting.

Table 1 Indices of success in non-surgical reduction. Overview of
indices

All patients Attempted non-operative
reductions

Including bowel
resectiona

Crude reduction rate Selective reduction rate

Excluding bowel
resectiona

Composite reduction rate Corrected selective
reduction rate

a Bowel resection or other intervention that was required in addition to
surgical reduction
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Group D. Primary surgery without attempting hydrostatic
reduction

Seven patients with markedly reduced general condition were
primarily treated by surgery. Their age ranged from 3 to
13 months, which was significantly younger than in the other
patient groups (P=0.002). Clinically, these young children did
not show colicky pain but vomiting as the dominant clinical

symptom, in addition to their markedly reduced generally
condition. Also, five of them showed bloody stool, whereas
the patients of the other groups did not (P=0.018). Four of the
seven patients additionally had gastroenteritis with diarrhea,
two of them with viruses detected in the stool (Adenovirus
and Norovirus). Five of seven patients had a relatively long
intussusception, extending into the transverse colon or to the
left colon flexure (P<0.001). In three patients, sonography

Table 2 Indices of success in non-surgical reduction. Formulae and results

Index Formulae Application* Counts* Result*

Crude reduction rate ¼ Non‐operative reductions with permanent success
All intussusceptions

A
A þ B þ C þ D ¼ 41

56 ¼ 73.2 %

Composite reduction rate ¼ Non‐operative reductions with permanent success
Non‐operative and operative reductions no resection&ð Þ

A
A þ B1 þ C1 þ D1 ¼ 41

47 ¼ 87.2 %

Selective reduction rate ¼ Non‐operative reductions with permanent success
Attempted non‐operative reductions

A
A þ B þ C ¼ 41

49 ¼ 83.7 %

Corrected selective reduction rate ¼ Non‐operative reductions with permanent success
Attempted non‐operative reductions no resection&ð Þ

A
A þ B1 þ C1 ¼ 41

43 ¼ 95.3 %

Technical success rate# ¼ Non−operative reductions with technical success
Attempted non−operative reductions

A þ B
A þ B þ C ¼ 46

49 ¼ 93.9 %

*Application to the patient groups of this study, as defined in Methods and in Table 3
# Technical success: All cases with completed hydrostatic reduction, including those with subsequent recurrence
&Bowel resection or other intervention that was required in addition to surgical reduction

Table 3 Patient groups

Patient group Outcome Sub-group# Bowel
resection

Count (%) Patient details

A Hydrostatic reduction successful at
first attempt, without recurrence

No 41 (73.2 %) No surgery required

B Hydrostatic reduction possible, B1 No 0 (0.0 %)
but recurrences leading to surgery B2 Yes 5 (8.9 %) 1×Meckel’s diverticle resected

1×ileocecal resection, histopathology
showed lymphofollicular hyperplasia

3×fixation of the cecum to prevent further
recurrence of the intussusception

C Hydrostatic reduction impossible,
leading to surgery

C1 No 2 (3.6 %) 2×intussusception, extending into the
transverse colon

C2 Yes 1 (1.8 %) 1×appendix involved into the intussusception

D Primary surgery without hydrostatic
reduction in patients with markedly
reduced general condition

D1 No 4 (7.1 %) 1×13 months old, rectal blood

1×6 months old, rectal blood, intussusception
extending to left colon flexure

1×6 months old, rectal blood, intussusception
extending to left colon flexure

1×5 months old, rectal blood, ileocecal
region hemorrhagic but still vital

D2 Yes 3 (5.4 %) 1×7 months old, rectal blood, appendix
involved into intussusception

1×3 months old, ileocecal bowel resected
because of penetrating ulcer

1×8 months old, ileocecum resected
due to onset of hemorrhagic infarction

Total 56 (100 %)

# Subgroups in surgical cases: “1” pure surgical reduction; “2” bowel resection or other surgical intervention required
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showed prominent free peritoneal fluid (P<0.001). Before
surgery, it was unclear who might need bowel resection in this
patient group. Based on intraoperative findings such resection
was required in three of the seven patients (Table 3).

Indices of success in sonography-guided hydrostatic reduction

Regarding all 56 patients, sonography-guided hydrostatic re-
duction was successfully applied without need for surgery in
41 patients, resulting in a “crude reduction rate” of 73.2% (41/
56; Table 2). Among the other 15 patients, 6 received pure
surgical reduction and 9 additionally required bowel resection
or other surgical interventions. Excluding the latter resulted in
a “composite reduction rate” of 87.2 % (41/47).

Overall, hydrostatic reduction was attempted in 49
patients. In 41 patients, it was successful without sur-
gery, leading to a “selective reduction rate” of 83.7 %
(41/49). The remaining eight patients were surgically
reduced because of repeated recurrences despite of tech-
nically successful hydrostatic reductions (five patients, Group
B) or failed hydrostatic reductions (three patients, Group C),
and six of them required bowel resection or other surgical
intervention. Excluding the latter resulted in “corrected selec-
tive reduction rate” of 95.3 % (41/43).

Discussion

Ileocolic intussusception in young children is mostly idiopathic
and can frequently be reduced non-surgically, if diagnosis and
therapy are timely before bowel necrosis and perforation occurs
[17]. Globally, sonography is used for diagnosis in about half of
cases, and in Europe and North America it is becoming the
favoredmethod [19]. However, globally fluoroscopy is used for
guiding non-invasive reduction in most cases [19]. With fluo-
roscopic guidance, air enema is considered the method of
choice and more successful than liquid enema [4].
Sonography-guided hydrostatic reduction with saline enema is
a radiation-free alternative [21, 22] and showed good results in
this study, where most patients were diagnosed and treated
relatively timely (80 % within 24 h after onset of symptoms).
The technique of saline enema is simple, but sonographic
imaging experience with intussusceptions is required for guid-
ing the reduction. Therefore, this radiation-free reduction meth-
od is feasible in the large number of centers that apply sonog-
raphy for diagnosing intussusceptions [1, 15, 17, 19].

Main study findings

Among 43 patients who were clinically eligible for non-
surgical reduction and who did not require bowel resec-
tion or other surgical intervention, sonography-guided
hydrostatic reduction showed permanent success in

95.3 % of cases (corrected selective reduction rate=41/43,
group A). Two other patients had a lengthy intussusception
extending into the transverse colon that was surgically re-
solved (group C1).

In three other patients, a non-surgical reduction was tech-
nically successful but followed by recurrences until the cecum
was surgically fixed and three further patients required bowel
resection in addition to surgical reduction. Therefore, the
selective reduction rate among attempted reduction was
83.7 % (41/49 patients, groups A+B+C).

Seven patients were clinically not considered eligible for
hydrostatic reduction because of their markedly reduced gen-
eral condition (group D). Compared to the 49 patients with
attempted hydrostatic reductions, these seven patients were
generally younger (3–13 months), presented not with colicky
pain but with vomiting as the major symptom and some had
bloody stool. Effectively, three of these seven patients (43 %,
group D2) required bowel resection. The other four patients
(group D1) all had bloody stool, and these cases bowel necro-
sis could not be ruled out before surgical inspection.

In total, 41 of 56 patients were treated without surgery,
indicating the overall applicability of sonography-guided hy-
drostatic reduction (crude reduction rate, 73.2 %). The other
15 patients (26.8 % of 56) required primary or secondary
surgery, with bowel resection in six cases and fixation
of the cecum in three cases. Among the six surgical
patients with no bowel resection, there were four pa-
tients in whom primary surgery had been clinically indicated
(group D1). Therefore, only in 2 of 56 patients (group C1) a
different non-invasive reduction method might (or might
not) have been more successful than sonography-guided
hydrostatic reduction.

All five patients with bloody stool had a markedly reduced
general condition and underwent primary surgery. Therefore,
the present study provides no data about the success rate of
hydrostatic reduction in children with intussusception who are
presenting with bloody stools and a sufficiently good general
condition.

Success rate indices

In this study, the success rate indices of non-surgical reduction
ranged from 73.2 to 95.3 %, depending on the inclusion/
exclusion of cases with surgical bowel resection/intervention
or inclusion/exclusion of cases who directly underwent surgi-
cal reduction without hydrostatic reduction attempts (Table 2).
The index definitions of Bekdash et al. [3] are valuable for this
purpose. The corrected selective reduction rate (here 95.3 %)
is suitable for describing the maximum achievable success in
cases that are in principle feasible for non-surgical reduction.
The crude reduction rate (here 73.2 %) shows how much can
be achieved at minimum without surgery. It also shows that
surgery is still required in a relevant fraction [29].
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Further study findings

The patients’ age distribution and the observed male predom-
inance were typical for idiopathic ileocolic intussusception in
childhood [6, 20, 29]. Most patients (96 %) showed at least
one symptom of the classical triad (colicky pain, vomiting,
and bloody stool) [1]. However, none showed all three symp-
toms, probably due to the timely diagnosis in most cases,
where the disease had not advanced to bowel necrosis and
acute abdomen.

About 80 % of patients presented within 24 h after the
onset of symptoms to the hospital. This timely presentation
may have several reasons, such as the dense medical infra-
structure. In these patients, the success rate of hydrostatic
reduction was significantly higher than in the remaining
20 % of patients, who presented 24–48 h after the onset of
symptoms (P=0.016).

About 29 % of patients presented with concomitant gas-
troenteritis that may have triggered the intussusception. Most
patients had enlarged mesenteric lymph nodes >10 mm near-
by the ileocecal region, which may have facilitated the intus-
susception as a hypomochlion. Small amounts of free perito-
neal fluid were no contraindication for hydrostatic reduction
that was successful in six of eight such cases.Marked amounts
of free fluid were found only in patients presenting with
markedly reduced general condition, but this fluid did not
represent bowel perforation according to surgical findings in
this study. All patients showed a thickened terminal ileum
after reduction. This may indicate wall edema of the previ-
ously intussuscepted bowel and/or preexisting hypertrophic
lymphoid tissue in the bowel wall. Technically, successful
hydrostatic reductions were finished within 15 min, which
may serve for orientation about how long an attempt should
be made at least.

Comparison to other studies and reduction methods

Previously, a randomized-controlled trial of Hadidi et al. [14]
has reported that fluoroscopy-guided pneumatic reduction
(success in 45/50 children, 90 %) is superior to sonography-
guided hydrostatic reduction (success in 32/47 children,
68.1 %). In that study, three of the 15 patients with failed
hydrostatic reductions required bowel resection [14], resulting
in a corrected selective reduction rate of 72.7 % for
sonography-guided hydrostatic reduction. Similar to the pres-
ent study, they applied hydrostatic pressures up to 150 cm
H2O (≤110 mmHg), nearly equal to their pneumatic reduction
pressures (≤120 mmHg). However, their time needed for
hydrostatic reduction was much longer than for pneumatic
reduction (only seven reductions were successful within
15 min according to their Fig. 2) and also much longer than
in the present study. Interestingly, their success rates at first
attempt were similar for pneumatic (30/50 patients) and

hydrostatic reduction (28/47 patients), indicating no differ-
ence in the easy-to-treat cases. However, final success after
the second and third attempt of pneumatic reduction (45/50
patients) was much higher than with hydrostatic reduction
(31/47 patients). This may indicate that pneumatic reduction
is more successful in the difficult-to-treat cases or that Hadidi
et al. [14] were just more experienced with pneumatic reduc-
tion [14, 21]. In comparison, in the present study, the success
rate of hydrostatic reduction was higher (41/49, 83.7 %), just
two of the eight unsuccessful cases had simple surgical reduc-
tion, and the corrected selective reduction rate was also higher
(95.3 %).

A prospective German multicenter surveillance in 2006–
2007 reported the selective reduction rate of sonography-
guided hydrostatic reduction as 80.5 % (439/546 patients)
while that of radiography-guided pneumatic reduction was
89 % (97/109 patients) [18]. However, the applied reduction
pressures were not reported, although higher pressure at pneu-
matic reduction may be a cause for higher success rates. Also,
that study was not randomized. Several studies have shown
good success of sonography-guided hydrostatic reduction
with selective reduction rates of 75.0−96.0 % and corrected
selective reduction rates of 76.0−98.6 % [2, 7, 8, 10, 12, 18,
22, 23, 26–28, 31, 33, 34]. The current study adds to this
evidence with detailed consideration of different indices of
success [3].

Sonography-guided pneumatic reduction is a further
alternative with high reported selective reduction rates
of 90.6−95.3 % and corrected selective reduction rates
of 92.7−97.6 % [13, 17, 24, 32, 35]. This method could
be particularly useful for those who want to replace
fluoroscopy-guided pneumatic reduction by radiation-free im-
aging guidance while keeping the pneumatic technique, poten-
tially also under general anesthesia in apparently non reducible
intussusception [11]. It bears a small risk of bowel perforation
[13, 35] that also exists in liquid enema reduction [1].

Regarding fluoroscopy-guided pneumatic and hydrostatic
reduction, Bekdash et al. [3] have summarized 28 studies and
presented corresponding success rate indices. Compared to all
28 studies, the success rate indices of the present study ranged
between the median and the upper quartile. Compared to stud-
ies using exclusively pneumatic reduction, the success rate
indices of the present study were at the median or above. This
indicates the potential of sonography-guided hydrostatic reduc-
tion as alterative to fluoroscopy-guided pneumatic reduction, at
least in patients who present timely within 24 h after onset of
symptoms to the hospital.

Non-invasive reduction attempts versus primary
surgical reduction

In 73 % of the children (41 patients of group A), surgery was
avoided by the hydrostatic reduction. In the other patients, the
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delay of surgery did not alter the outcome. Therefore, this study
adds to the evidence that an attempt of non-invasive reduction
is useful in patients who are clinically feasible.

Conclusions

In children with ileocolic intussusception sonography-guided
hydrostatic reduction has a good success rate. Particularly in
centers that use sonography for diagnosing intussusceptions,
this method is a valuable radiation-free alternative to
fluoroscopy-guided pneumatic reduction.
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interest.
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