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Abstract

Background Intussusception is the most common cause of intestinal obstruction in children, requiring timely management
to avoid serious complications. Pneumatic reduction is widely accepted as the first-line non-operative treatment, though its
success may be influenced by factors such as prolonged symptom duration, intussusception type, and advanced intussuscep-
tum location. The role of adjunct therapies, including corticosteroids, remains uncertain. This study aimed to evaluate the
outcomes of a standardized modified pneumatic reduction (MPR) protocol implemented at a single national pediatric center.
Materials and methods A retrospective review was conducted of 92 admissions involving 79 patients treated between May
2016 and October 2024. The MPR protocol employed a manual sphygmomanometer-based system with incremental pressure
adjustments and selective intravenous hydrocortisone for specific indications. Standardized documentation and follow-up
protocols were applied.

Results MPR achieved a 99% success rate, with complications limited to one case of pneumoperitoneum (1%) and self-
limiting mild desaturation in 6% of cases. Early and delayed recurrence rates were 16 and 10%, respectively. Factors tra-
ditionally considered limiting did not preclude successful reduction. In the subgroup of failed attempts or recurrent cases,
hydrocortisone use was associated with an increase in the proportion of ‘easy’ reductions from 47 to 83% (p =0.038), sug-
gesting a potential benefit warranting further investigation.

Conclusion A structured, protocolized MPR approach resulted in high success and low complication rates, even in challeng-
ing scenarios. These findings support the value of standardized non-operative management and suggest a possible targeted
role for hydrocortisone in selected cases.

Keywords Intussusception - Pneumatic reduction - Hydrocortisone - Air enema reduction - Resource-limited settings

Introduction

Intussusception is the most common cause of intesti-
nal obstruction in young children, presenting as an acute
abdominal emergency. If left untreated, it can lead to severe
complications such as bowel necrosis, perforation, and sep-
sis. Early diagnosis and effective management are crucial to
prevent morbidity and mortality. While the traditional treat-
ment options include surgical intervention, non-operative
techniques such as pneumatic or hydrostatic reduction have
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become the preferred first-line approaches due to their high
success rates and lower complication profiles [1].

Pneumatic reduction, introduced in the late nineteenth
century and refined over subsequent decades, is now widely
adopted due to its superior efficacy and safety compared to
hydrostatic reduction. Success rates for pneumatic reduction
generally range from 80 to 90% in most centers [1-5], with
rates exceeding 95% reported rarely [6, 7]. Variability in
outcomes has been linked to differences in technique, patient
factors, adherence to structured protocols, and operator
expertise [5]. Factors such as prolonged symptom duration,
ileo-ileo-colic intussusception, and advanced location of the
intussusceptum have traditionally been considered predic-
tors of failure, often discouraging attempts of non-operative
management [§—11].

Complications of pneumatic reduction, including recur-
rence, pneumoperitoneum, and sedation-related events, are
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well-documented but rare with standardized pneumatic
reduction protocols [8—10]. Recurrence, occurring in 8—18%
of cases, has been linked to younger age and transient lead
points, though the literature remains inconclusive [12—17].
Pneumoperitoneum, a less frequent but significant complica-
tion, occurs in < 2% of cases, usually due to bowel perfora-
tion during reduction [10, 14]. These challenges highlight
the importance of refining management protocols to opti-
mize outcomes while minimizing complications.

In recent years, corticosteroids such as hydrocortisone
have been explored as adjuncts to facilitate reduction by
reducing bowel edema and inflammation. However, their
routine use remains debated, with some studies suggesting
benefits in selected cases while others find insufficient evi-
dence to justify their widespread application [17, 18].

In many centers, particularly resource-limited ones,
the management of pediatric intussusception lacks stand-
ardization, often relying on the experience and discretion
of available staff. Until May 2016, our national pediatric
center followed an ad hoc approach using either barium or
hydrostatic reduction, with technique selection left to the
attending surgeon and radiologist. This resulted in a mod-
est 62% success rate for non-operative management, with
some patients undergoing operative reduction based on
symptom duration or the location of the intussusceptum.
To address this variability, we developed a standardized
modified pneumatic reduction (MPR) protocol, grounded
in local resources, existing evidence, and the experience
of a new attending surgeon (first author). The protocol was
approved by the involved departments and has since been
implemented without modification.

This study evaluates the outcomes of this MPR protocol
at the sole national pediatric center. The protocol employs a
hand-controlled apparatus and includes selective intravenous
hydrocortisone use in specific cases. By assessing success,
failure, and complication rates, this study aims to provide
practical insights into optimizing non-operative intussuscep-
tion management across varying resource settings.

Materials and methods

The MPR protocol for intussusception in children was
implemented at the Paediatric Surgery Unit of RIPAS Hos-
pital in May 2016. This retrospective study evaluated the
outcomes of the protocol between May 2016 and October
2024, focusing on defining success, failure, recurrence,
and complication rates. RIPAS Hospital serves as the sole
national pediatric surgical center, with all pediatric surgical
services centralized, and its integrated digital health record
system captures patient presentations and follow-ups from
all healthcare facilities nationwide. This robust system
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minimized the risk of loss to follow-up, ensuring that any
late recurrences or complications were reliably documented.

The protocol outlined a structured plan for the manage-
ment of intussusception (Fig. 1), which included equipment
preparation, patient preparation, the reduction procedure,
documentation, and post-procedure monitoring. Patients
with confirmed intussusception who were hemodynamically
stable and had no signs of peritonitis were managed accord-
ing to this protocol. Cases managed differently or that did
not adhere to the protocol were excluded from the analysis.

Equipment preparation involved assembling a two-
way Foley catheter (size 20-24) connected to a combined
gauge-bulb sphygmomanometer, a 30 cc syringe for balloon
insufflation, and soft paraffin for lubrication. Adhesive tape
was prepared to secure the buttocks after catheter place-
ment (Fig. 2). Sedation agents (midazolam and morphine
in 1 mg/mL solutions) were prepared, along with a pulse
oximeter for monitoring during the procedure. A 14-gauge
IV cannula was kept ready for emergency decompression of
the abdomen in cases of pneumoperitoneum. In addition, a
standard emergency resuscitation kit (including an intuba-
tion kit, oxygen, and adrenaline) was available for managing
respiratory and hemodynamic complications.

For patient preparation, the patient’s guardian was coun-
seled regarding the procedure, potential complications, and
post-procedural care, followed by obtaining informed writ-
ten consent. Separate counseling and consent were required
prior to any subsequent attempt of MPR, should the first
attempt fail. Adequate initial resuscitation, along with the
prophylactic administration of intravenous antibiotics, was
provided. Sedation was achieved using midazolam (0.1 mg/
kg) and morphine (0.1 mg/kg), with additional doses admin-
istered as needed during the procedure. Once the patient was
adequately resuscitated, the procedure commenced.

The reduction procedure started with the insertion of
a lubricated Foley catheter approximately 10 cm into the
rectum. The balloon was inflated with 30 mL of air and
gently pulled back until resistance was felt; this maneuver
prevented any insufflation within the rectum and ensured
that the balloon rested just above the upper rectum at the
level of the pelvic floor. The buttocks were approximated
and secured with adhesive tape to maintain the catheter
position. Fluoroscopy was used to confirm proper balloon
placement and the absence of pneumoperitoneum before
air insufflation. Air was pumped gradually using a manual
bulb, starting at a pressure of 40 mmHg and increasing to a
maximum of 120 mmHg, depending on the response. If the
intussusceptum began to retreat, the pressure was main-
tained at the effective level without further increments.
Successful reduction was defined by the disappearance
of the “claw sign” and air reflux into the ileum on fluor-
oscopy. Once reduction was achieved, the pressure was
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Antibiotics

+ Administer a single prophylactic
dose of ampicillin and
sulbactam (30 mg/kg) before
the procedure

« If a bacterial infection is
suspected (e.g., neutrophilia),
initiate Ceftriaxone and
Metronidazole before the
procedure

Sedation

« Prepare midazolam and
morphine at a concentration of
1 mg/mL

*+ Administer an initial dose of 0.1
mg/kg of each

» Administer a second dose if
necessary during the
procedure

« For second and third attempts,
only single dose of 0.1 mg/kg
of each is served

Rectal Tube Placement

« Catheter size 20~24 FR

« Inflate the balloon with 30mls
of air after inserting the
catheter for around 10cm then
the catheter to be pulled out
very gently until resistance is
felt.

« Secure the buttocks together
using adhesive tape.

Pneumatic Reduction for Intussusception in Children
Paediatric Surgery Unit, RIPAS Hospital

Confirmed intussusception on
ultrasound

}

1.Counseling and obtaining written consent.
2.Schedule pneumatic reduction after coordinating with the radiologist in charge
3. Administer IV antibiotics in the ward
4. Sedate the child upon arrival to the fluoroscopy suite
5. Secure rectal catheter and confirm The balloon Position and the absence of pneumoperitoneum with
fluoroscopy
6. Initiate pulsative pneumatic reduction at 40 mmHg, increasing
up to max 120 mmHg as needed

Success
Observe air efflux into the ileum and the disappearance of the
claw sign

Troubleshooti

Unable to Build
Effective Pressure

« Adjust the rectal tube

« Re-tape the buttocks firmly

« Serve a second dose of
Midazolam and Morphine

When to Stop the Reduction
(Unsuccessful Attempt)

« Inability to build positive
pressure despite re-adjustment
measures

« Non-retreating intussusceptum
despite high pressure for 60
seconds.

« Pneumoperitoneum

Pneumoperitonium

« Deflate the colon via the rectal
tube

« Insert 14G IV cannula carefully
at the mid-line of the
epigastrium and deflate the
abdomen after removing the
metal needle and leaving the
plastic sheath in the abdomen

* Proceed for urgent laparotomy

Y

Pneumoperitoneum

Yes

Maintain positive pressure at 40 mmHg for 30
seconds after successful reduction, then deflate the
balloon, release the air, and remove the rectal

Administer IV hydrocortisone (4 mg/kg) in
the ward, then repeat pneumatic reduction

Yes
(3rd Recurrence)

No
(Failed 3rd Attempt)

within 2-3 hours after counseling and
obtaining consent.

Keep the patient fasting for 4 hours, then reintroduce

Monitor for 48 hours
Watch for recurrence of abdominal pain and perform a
repeat ultrasound if recurrence is suspected

Back to Ward

oral intake

No
(Failed 2nd Attempt)

Successful Pneumatic Reduction

Yes

¥

Back to Ward
Administer IV hydrocortisone for two additional doses
Monitor for 48 hours Yes
Watch for recurrence of abdominal pain and repeat (2nd Recurrence)
ultrasound if any suspected recurrence

Monitor

Recurrence within 48 hours

N

Monitor

Recurrence within 48 hours

Discharge

Fig. 1 Modified pneumatic reduction (MPR) protocol for intussusception. Flowchart outlining the standardized protocol implemented at the Pae-
diatric Surgery Unit, RIPAS Hospital
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(lubricant)
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i (to secure the buttocks)

Foley cathete,

Fig.2 Equipment used for pneumatic reduction. Shown is the assem-
bled manual apparatus with all components

maintained at 40 mmHg for 30 s before gradually releasing
the air, deflating the balloon, and removing the catheter.

The location of the intussusceptum was determined
based on the initial position of the “claw sign” observed
on fluoroscopy at the beginning of the reduction (Fig. 3). It
was classified as classic if located proximal to the splenic
flexure or advanced if at or distal to the splenic flexure.
The type of intussusception was either ileo-colic or ileo-
ileo-colic. For ileo-ileo-colic cases, confirmation requires
identifying an ileo-ileal component following the complete
reduction of the ileo-colic segment. Pressure levels during
the procedure were categorized as low (40-60 mmHg),
medium (60-90 mmHg), or high (90-120 mmHg). Effec-
tive pressure was defined as the positive pressure sufficient
to achieve regression of the intussusceptum on fluoros-
copy (Fig. 4). Pressure time, the total duration of effec-
tive positive pressure during the procedure, was recorded
to the nearest 10 s, excluding time spent resolving air
leaks or achieving effective pressure. An easy reduction
is defined as an MPR requiring low or medium pressure,
lasting <240 s, and needing only a single dose of sedation.
Any MPR that does not fulfill this definition is deemed
difficult reduction.

@ Springer

. Claw sign at the

Fig.3 The “claw sign” of an intussusceptum at the hepatic flexure.
Fluoroscopic image showing a classic “claw sign” at the hepatic flex-
ure, indicating the leading edge of the intussusceptum. A Foley cath-
eter with its balloon is seen insufflated above the rectum, maintaining
the seal for controlled air insufflation during pneumatic reduction

Air leaks, which were the most common cause of inability
to build effective pressure, were managed by adjusting the
balloon, catheter, or adhesive tape securing the buttocks.
An attempt was considered failed if effective pressure could
not be achieved despite these maneuvers, or if the intus-
susceptum (“claw sign”) remained fixed at a certain loca-
tion despite maintaining maximum pressure for over 60 s
at that site. The absolute failure of MPR was determined
if pneumoperitoneum occurred or if the third attempt was
unsuccessful.

In cases where MPR failed without evidence of pneumo-
peritoneum, intravenous hydrocortisone (4 mg/kg/dose) was
administered to reduce inflammation, and the procedure was
repeated up to two additional times. If these attempts failed
or if pneumoperitoneum developed at any stage, the patient
underwent urgent laparotomy.

Post-procedure, patients were instructed to fast for 4 h
before gradually resuming oral intake. The patients were
monitored for 48 h to detect recurrence. Early recurrence
was defined as symptoms and ultrasound-confirmed intus-
susception occurring within the same admission (48 h),
while delayed recurrence referred to recurrence beyond this
timeframe. Early recurrence was managed with repeat MPR,
followed by an additional 48-h observation period.

Standardized documentation included patient demograph-
ics, presenting symptoms, initial examination findings, and
the time interval between ultrasound confirmation of intus-
susception and MPR, rounded to the nearest 10 min. It also
recorded the intussusceptum location, type of intussuscep-
tion (ileo-colic or ileo-ileo-colic), pressure levels, pressure
time, sedation doses, and any complications encountered.
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Fig.4 Stepwise fluoroscopic reduction of an ileo-ileo-colic intus-
susception. Sequential fluoroscopic images illustrate the progression
of pneumatic reduction. The intussusceptum (arrow) is seen retreat-
ing from the transverse colon into the caecum, marking the reduction

Demographic, clinical, procedural, and outcome data
were extracted from the hospital’s integrated electronic
medical record system, tabulated, and independently veri-
fied. Descriptive statistics were used to summarize the data-
set. Categorical variables were presented as frequencies and
percentages, and continuous variables as means with ranges.
Comparisons between groups were conducted using Fisher’s
exact test or the Chi-square test for categorical variables. In
addition, logistic regression analysis was performed to iden-
tify factors associated with easy versus difficult reductions.
A p value of < 0.05 was considered statistically significant.

Results

Between May 2016 and October 2024, 104 referrals for con-
firmed intussusception were received. After excluding 12
admissions due to non-adherence to the protocol, 92 admis-
sions involving 79 patients were included in the analysis.
These admissions resulted in a total of 107 MPRs, as some
patients experienced early and/or delayed recurrence.

Among the excluded admissions, one patient underwent
surgery after failing the first trial of pneumatic reduction due
to a partially reduced intussusception, without re-attempting
reduction as per the protocol. Another patient was directly
operated on due to hemodynamic instability and a prolonged
duration of symptoms, despite the absence of pneumoperi-
toneum. A third patient had partial reduction using a barium
enema due to inconclusive ultrasound findings, followed
by a successful pneumatic reduction. The remaining nine
admissions were excluded due to either partial adherence
or incomplete protocolized documentation; however, it is
important to note that eight out of all these cases were suc-
cessfully reduced.

The majority of patients were male (50/79, 64%), with
an approximate mean age of 13 months (range: 3 months to

of the ileo-colic component. This is followed by further retrograde
movement into the terminal ileum, completing the ileo-ileal reduc-
tion. Successful reduction is confirmed by the disappearance of the
claw sign and free air reflux into the small bowel

8 years). Infants under 6 months accounted for 7% of admis-
sions (6/92), while 68% were between 6 and 18 months
(63/92). A further 19% were aged 18-36 months (18/92),
and 5% were older than 3 years (5/92). The mean weight for
age was approximately at the 21st percentile in girls (range:
7th—80th percentile) and at the 74th percentile in boys
(range: 10th—-98th percentile). Most admissions occurred
between May and August (63%), with a peak in June and
July (39%).

The most common presenting symptom was colicky
abdominal pain (76%), followed by vomiting (52%), fever
(31%), blood in stools (23%), and abdominal distension
(19%). An intra-abdominal mass was noted in 16% of admis-
sions. The duration of symptoms at presentation was 1 day
or less in 27% of admissions, 2-3 days in 38%, and more
than 3 days in 35%. Notably, symptom durations exceeding
2 days accounted for 57% of all admissions. Further analy-
sis revealed that in 73% of these admissions, the diagnostic
interval exceeded 16 h from the time of presentation to the
hospital to the confirmed diagnosis of intussusception.

The first attempt of MPR was performed at a mean time
of approximately 90 min (range: 40-320 min) from the con-
firmation of intussusception with ultrasonography. Sedation
dosing with midazolam and morphine involved 32% receiv-
ing a single dose and 68% receiving a double dose.

Ileo-colic intussusception was the most common type,
observed in 101 MPRs, followed by ileo-ileo-colic intussus-
ception in 6 cases. The location of the intussusceptum was
classic in 97 cases (62% at the hepatic flexure and 38% along
the transverse colon). In ten cases, the intussusceptum was
advanced (two at the splenic flexure, four in the descending
colon, two in the sigmoid colon, one in the rectum, and one
prolapsing out of the anus). Notably, no intussusceptum was
encountered in the ascending colon or caecum in our cohort.

The pressure required for reduction was low
(40-60 mmHg) in 62% of cases, medium (60-90 mmHg)
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in 21%, and high (90-120 mmHg) in 17%. Ileo-ileo-colic
cases always required high pressure (90-120 mmHg).
Classic intussusceptions generally required low pressure,
with 62% being successfully reduced using this pres-
sure. However, 21% required medium pressure, and 17%
required high pressure.

The overall mean pressure time required for successful
MPR was approximately 190 s. For ileo-ileo-colic intus-
susceptions, the mean pressure time was approximately
360 s compared to 160 s for ileo-colic intussusception.
Advanced intussusceptions required a mean pressure time
of 230 s. In contrast, classic intussusceptions were gener-
ally completed in a mean time of 150 s, although some
cases required slightly longer durations, particularly in
more challenging reductions.

MPR was highly successful, with reductions achieved
on the first attempt in 97% of cases (104/107). In 2% of
cases (2/107), a second attempt was required. In these
instances, patients were returned to the ward after the ini-
tial procedure, received a dose of IV hydrocortisone, and
underwent a second successful reduction 150 and 180 min
later, respectively. Failure occurred in 1% of cases (1/107),
attributed to pneumoperitoneum during the first attempt.

The failed case was a 3-month-old baby who presented
with a 1-day history of blood in the stools, and the intus-
susceptum was encountered in the rectum and was felt on
examination. Pneumoperitoneum had resulted after 50 s
of medium pressure. After needle decompression of pneu-
moperitoneum, urgent laparotomy revealed ileo-ileo-colic
intussusception with a necrotic ileocecal complex, which
was resected, followed by primary anastomosis.

Complications were rare: mild desaturation (SpO,
85-94%) occurred in 6% of MPRs, all of which resolved
with supplemental oxygen. Pneumoperitoneum occurred
in 1% of cases, necessitating urgent laparotomy. In addi-
tion, two cases required a second attempt, which were suc-
cessful after the initial failure.

Early recurrence occurred in 16% of admissions
(15/92). Among these, 9 patients experienced one episode,
while 6 patients experienced two episodes, accounting for
21 recurrences. The mean interval between MPR and early
recurrence was approximately 22 h (range: 18-28 h), with
no recurrences occurring after 28 h. Delayed recurrence
was noted in 10% of cases (8/79 patients). Of these, five
patients experienced one episode, two patients experienced
two episodes, and one patient experienced three episodes.
The mean interval for delayed recurrence was approxi-
mately 9 months (range: 5-31 months). One patient expe-
rienced two early recurrences and one delayed recurrence,
while another had one early recurrence and one delayed
recurrence. All of these recurrences were recorded in
patients aged less than 29 months.
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In addition to the failed case, three more patients from the
included cohort underwent surgical intervention. One patient
underwent semi-emergency diagnostic laparoscopy due to
oral intolerance after pneumatic reduction. Although recur-
rence was ruled out, the laparoscopy revealed significant
ileal oedema and dysmotility, which resolved spontaneously
with hydrocortisone and bowel rest for 3 days. Two elec-
tive laparoscopies were performed for recurrences in older
children (aged 6 and 8 years), but both returned negative for
lead points.

Hydrocortisone was administered prior to 23 MPRs
across 17 admissions, either following a failed first attempt
(2 MPRs) or to address early recurrence (21 MPRs across 15
admissions). The mean interval between the administration
of IV hydrocortisone and the subsequent MPR was approxi-
mately 160 min. To assess the impact of hydrocortisone on
the difficulty of the reduction, we compared the MPRs for
the same admissions before and after hydrocortisone admin-
istration. In the initial MPR, 8 out of 17 cases (47%) met
the criteria for an easy reduction. In contrast, after hydro-
cortisone administration, this proportion increased signifi-
cantly to 19 out of 23 cases (83%). Statistical analysis using
Fisher’s exact test confirmed the improvement as significant
(p=0.038), with an odds ratio of 0.19 indicating a markedly
reduced likelihood of difficult reductions following hydro-
cortisone administration.

Extending the analysis of ‘easy’ intussusception in rela-
tion to the duration of symptoms revealed a significant
association between shorter symptom duration and easier
reductions. Among patients presenting with symptoms last-
ing 2 days or less, 79% were classified as ‘easy’ reductions,
compared to only 51% of those with symptoms exceeding
2 days. Fisher’s exact test confirmed this association as
statistically significant (p =0.00005), with an odds ratio of
3.61, indicating that patients with shorter symptom durations
were over three times more likely to experience an ‘easy’
reduction.

Multivariable logistic regression analysis revealed sev-
eral trends and associations within the data. Although not
statistically significant, there was a suggestive trend indicat-
ing that infants under 9 months of age were more likely to
present without preceding illness but with fever and blood
in stools (p =0.07). Another trend was observed suggesting
that younger ages (less than 14 months) were more likely to
experience both early and delayed recurrence, although this
did not reach statistical significance (p =0.054). In addition,
the absence of preceding illness was associated with a higher
likelihood of recurrence, although this finding approached
but did not reach statistical significance (p=0.059). Double
sedation dosing (0.2 mg/kg) was significantly associated
with the need for higher pressures (p=0.01), suggesting
that more challenging reductions required both increased
sedation and higher pressures. Further analysis revealed that
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advanced intussusceptions, with a mean pressure time of
approximately 230 s, were more likely to require medium or
high pressures (p=0.01). No significant associations were
found between any variables and the likelihood of early or
delayed recurrence.

The results are summarized in Table 1.

Discussion

Pneumatic reduction is now widely accepted as the stand-
ard non-operative treatment for intussusception, with
reported success rates ranging from 80 to 95% [1-7]. Our
study achieved an overall success rate of 99%, among the
highest reported in the literature. This was attained with-
out any patient selection bias, underscoring the value of a
meticulously standardized protocol implemented at a sin-
gle national center. Regular follow-up, centralized care at
a single institution, and integration of a comprehensive
digital health record system supported these outcomes.

Table 1 Summary of the results and their significance

Complications were uncommon and predominantly minor.
Mild desaturation was observed in 6% of cases and resolved
with supplemental oxygen. A single case of pneumoperito-
neum (1%) required operative management.

Prior to implementing the standardized protocol, the suc-
cess rate for non-operative reduction was just 62%. Dur-
ing the study period, cases that deviated from the protocol
(i.e., the excluded cases) had a reduced success rate of 75%
(3 failures out of 12). In contrast, strict adherence to the
protocol yielded a markedly improved success rate of 99%,
underscoring the critical importance of consistent, standard-
ized management.

One of the critical factors contributing to the high success
rate was the progressive and controlled application of pres-
sure. Unlike traditional pneumatic reduction methods, which
typically use a preset pressure (80—-100 mmHg), our protocol
emphasized incremental pressure adjustments based on real-
time observations. Most reductions were achieved with low
pressure (40-60 mmHg) in 61% of cases, minimizing the
risk of complications associated with higher pressures. The

Parameter Findings

Trend/significance

Total admissions
Total MPRs
Gender

Mean age at presentation

92 admissions (79 patients)

107 MPRs performed

50 males (64%), 29 females (36%)
13 months [3 months to 8 years]

Mean weight-for-age (Asian
WHO charts)

Preceding illness

percentile [10th-98th percentile]
81% with illness, 16% with none

Trend: younger children are more likely to have early or
delayed recurrence (p =0.08)

Girls: 21st percentile [7th—80th percentile]. Boys: 74th

Trend: absence of illness associated with higher recur-
rence (p=0.059)

Symptoms

Duration of symptoms

Type of intussusception

Location of intussusceptum
Pressure required

Mean pressure time

Sedation dosing

MPR success
Complications

Early recurrence

Delayed recurrence

Colicky abdominal pain (76%), vomiting (52%), fever
(31%), blood in stools (23%), intra-abdominal mass
(16%)

27% <1 day, 38% 2-3 days, 35% >3 day

101 ileo-colic, 6 ileo-ileo-colic
91% classic, 9% advanced

62% low, 21% medium, 17% high

Overall 190 s [90-440],
- Advanced: 230 s [200-380],
- classic: 150 s [90-390]

32% single dose, 68% double dose

97% first attempt, 2% second attempt, 1% failure

6% mild desaturation, 1% pneumoperitoneum

16% of admissions (15/92), 9 patients with 1 episode, 6
with 2 episodes

10% of cases (8/79), 5 patients with 1 episode, 2 with 2
episodes, 1 with 3

Trend: infants <9 months likely to present without
preceding illness but with fever and blood in stools
(=0.07)

Significant: shorter symptom duration (<2 days) associ-
ated with easier MPR (p =0.00005)

Significant: advanced intussusception required higher
pressures (p=0.01)

Significant: ileo-ileo-colic always required higher pres-
sures and longer pressure time

Significant: advanced intussusception requires medium
or high pressures (p=0.01)
Significant: double sedation associated with higher pres-

sures (p=0.01)

Failure: 1% (pneumoperitoneum during the first attempt)

Mean interval=22 h [18-28 h]

Mean interval =9 months [5-31 months]

MPR modified pneumatic reduction
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use of pulsatile pressure, facilitated by the hand-controlled
apparatus, likely provided an additional safety margin by
avoiding the sudden, continuous application of high pressure
that can lead to massive pneumoperitoneum in the event of
bowel perforation. This approach aligns with findings from
studies by Lee et al. [9], which demonstrated the safety
and efficacy of gradual pressure increments in reducing
intussusception.

Pressure time is another area of debate. Traditional guide-
lines, derived from hydrostatic reduction experience, advo-
cate a maximum pressure time of three minutes. However,
the pulsatile nature of the manual apparatus used in this
study allows for greater flexibility. As long as the “claw
sign” was retreating, the procedure was continued, with
pressure time extending up to 440 s in some cases. This
flexibility did not result in additional complications, sug-
gesting that the rigid time limits of earlier protocols may
not be necessary when using a controlled, pulsatile pressure.

Our findings challenge several conventional contraindi-
cations for pneumatic reduction, including ileo-ileo-colic
intussusception, prolonged symptom duration (>2 days), the
presence of blood in stools, and advanced locations of the
intussusceptum. These factors are often cited as predictors
of failure or reasons to avoid non-operative management [1,
8—11]. However, in our series, none of these factors pre-
cluded successful reduction in nearly all cases, with only one
failure. For instance, ileo-ileo-colic intussusception, often
regarded as a contraindication, was successfully reduced
in five out of six cases. Similarly, although patients in our
cohort generally presented with prolonged symptoms, all
were successfully managed, including a considerable propor-
tion classified as difficult reductions. Even advanced intus-
susceptions, located beyond the splenic flexure or prolapsing
from the rectum, were effectively reduced. These findings
underscore that pneumatic reduction should be considered in
all cases without signs of peritonitis or pneumoperitoneum,
regardless of intussusception type, intussusceptum location,
or symptom duration.

Although prolonged symptom duration did not compro-
mise the success of pneumatic reduction in our cohort, it
reflects delays in diagnosis or referral within our health-
care system. This highlights a need for local improvements
in early recognition and timely management of pediatric
intussusception, which could further improve outcomes and
reduce complexity and difficult reductions.

An interesting trend observed in this study involves
younger infants (<9 months). While statistical significance
was not achieved, likely due to smaller numbers, these
infants often presented atypically, without colicky abdomi-
nal pain or vomiting, but with fever and blood in stools.
This aligns with other studies [12, 13], which highlight the
need for heightened vigilance in this age group and sug-
gest that the presence of blood in stools should prompt
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ultrasonography to rule out intussusception and prevent
delays in diagnosis.

The recurrence rates observed in our study (16% early
and 10% delayed) are consistent with the published litera-
ture [13]. While numerous studies have explored predictors
of recurrence, no consensus has emerged due to inconsist-
ent findings [9, 15-17]. In our series, none of the analyzed
factors showed a significant association with recurrence,
although a trend towards higher recurrence rates in younger
patients was noted. This is consistent with the notion that
the same pathophysiological mechanisms that predispose
younger children to intussusception may also contribute
to recurrence. Based on these findings, we recommend
that each recurrence be treated with pneumatic reduction,
reserving surgical intervention for cases with three early
recurrences within the same admission, as outlined in our
protocol.

The role of hydrocortisone in the management of intus-
susception remains debated. While some studies suggest that
corticosteroids may facilitate difficult reductions and reduce
recurrence rates [17, 18], others question their routine use
due to limited supporting evidence [15, 18]. In our proto-
col, hydrocortisone was used selectively as a rescue therapy
for failed initial attempts or early recurrences. Following its
administration, the proportion of ‘easy’ reductions increased
significantly from 47 to 83% (p=0.038), and both patients
with failed first attempts subsequently achieved successful
reductions. These findings suggest a potential benefit; how-
ever, the small number of rescue cases and lack of a control
group for recurrent intussusception limit the strength of this
conclusion. Further studies are warranted to validate this
approach and better define its role in optimizing outcomes
for challenging cases.

This study supports the value of a protocol-driven
approach in optimizing pneumatic reduction outcomes,
even in a resource-constrained setting. The ability to achieve
consistent success across a wide range of challenging pres-
entations highlights the importance of structured processes
and clinical discipline. Importantly, these findings prompt
re-evaluation of exclusion criteria and encourage further
investigation into the role of adjuncts such as pulsatile pres-
sure and selective corticosteroid use. Prospective studies
across varied healthcare settings are warranted to validate
and expand upon these results.

Limitations

This study is limited by its retrospective design and single-
center setting, which may affect the generalizability of the
findings to other healthcare systems with different resources
or patient populations. However, the use of a national,
unified health system in Brunei, with comprehensive
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documentation and centralized pediatric surgical services,
reduces the likelihood of selection bias and missing data.
Nevertheless, some residual bias inherent to retrospective
studies cannot be fully excluded.

The sample size, while covering the entire national pedi-
atric cohort, was relatively small and limited the power to
perform more detailed subgroup analyses or detect less com-
mon outcomes.

No pathological lead points were identified in this series,
which limited the ability to analyze this subgroup.

Finally, the study did not use a standardized ultrasound-
based risk assessment protocol, which could have provided
further prognostic information and potentially influenced
management decisions.

Conclusion

This study demonstrates the effectiveness of a standardized
MPR protocol in managing intussusception in children,
achieving an unprecedented 99% success rate with minimal
complications. The protocol’s emphasis on gradual, pulsa-
tive pressure adjustments and structured management con-
tributed to the high efficacy, even in cases with traditionally
challenging features such as prolonged symptom duration,
ileo-ileo-colic intussusception, and advanced locations. The
findings also highlight the potential role of selective hydro-
cortisone use in facilitating reductions for recurrent or ini-
tially failed cases. Despite the retrospective nature and small
sample size, the study underscores the feasibility of imple-
menting such protocols in resource-limited settings and chal-
lenges conventional contraindications for pneumatic reduc-
tion. Further prospective, multi-center studies are needed to
validate these findings and refine non-operative management
strategies for intussusception.
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