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Treatment of Pediatric Intussusception by Pneumatic Reduction:

a Safe Technique using Equipment Readily Available in the Hospital

Division of Pediatric Surgery, Department of Surgery, Sawan Pracharak Hospital

ABSTRACT
Background: Intussusception is the most common cause of intestinal obstruction in early childhood. It is an emergent condition where delay in diagnosis
leads to an increased risk of bowel perforation and necrosis. Numerous reduction techniques have been described. Safety has to be of prime concern and we
strongly believe the air enema technique to be quicker, safer and more effective than liquid enemas. Reduction of intussusception with unsedated child may
resist the procedure, which may lengthen its duration and increase the radiation dose. We use intravenous IV sedation during the procedure to overcome
these difficulties.

Objectives: The purpose of this study is to determine the effectiveness of our technique for pneumatic reduction under fluoroscopic guidance with IV
sedation, using equipment readily available in the hospital, and to study association between the time spent at outside community hospitals prior to transfer
and the surgical treatment.

Methods: We retrospectively reviewed cases of pediatric intussusception, from October of 2013 through June of 2020.
Results: A total of 65 patients (35 male, 30 female) with intussusception were treated. Our pneumatic reduction technique was performed in 36 patients,
among which 33 (91.67%) cases were successful. No complications occurred. Patients requiring surgery had presented the longer outside community

hospital admission length of time.

Conclusion: The technique described is easy to assemble, safe, fast and effective. The surgical morbidity was low in those who were diagnosis early and
timely transfer to our center.
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Introduction

Intussusception is the most common cause of intestinal obstruction
in early childhood. It is an emergent condition where delay in
diagnosis leads to an increased risk of bowel perforation and
necrosis [1]. Numerous reduction techniques have been described
in many literatures with the advantages and disadvantages of each
technique. Pneumatic reduction has a higher success rate and
few complications compared to barium enema and hydrostatic
reductions. Safety has to be of prime concern and we strongly
believe the air enema technique to be quicker, safer and more
effective than liquid enemas. Intussusception is related to recent
upper respiratory tract infection (URI) which increases respiratory
adverse events following general anesthesia for reduction.
Reduction of intussusception, may perform on awake children
without sedation, but the unsedated child may resist the procedure,
which may lengthen its duration and increase the radiation
dose. We use intravenous (IV) sedation during the procedure to
overcome these difficulties [2, 3]. Intussusception cases usually

reported late therefore operative procedure was inevitable and
results in significant morbidity and mortality. A study from Ann
and Robert H. Lurie Children’s hospital of Chicago showed that a
longer time spent at outside community hospitals prior to transfer
was associated with higher rates of operative management. This
factor may further contribute to difficulty with reduction. By this
study we also emphasized on timely transfer to a pediatric surgical
center so as to decrease surgical risk [4].

Objectives

1. The purpose of this study was to determine the effectiveness
of our technique for pneumatic reduction of intussusception,
under fluoroscopic guidance with (IV) sedation, using
equipment readily available in the hospital.

2. To compare our experience in the management of pediatric
intussusception using pneumatic reduction and barium
reduction regarding the outcome, complications, success
and failure rates

3. To study the time spent at outside community hospitals prior
to transfer may be associated with higher rates of operative
management

J Sur Anesth Res, 2020

Volume 1(2): 1-7



Citation: Kwanhathai Sakulsansern (2020) Treatment of Pediatric Intussusception by Pneumatic Reduction: A Safe Technique using Equipment Readily Available in

the Hospital. Journal of Surgery & Anesthesia Research. SRC/JSAR-107. DOI: doi.org/10.47363/JSAR/2020(1)105

Material and Methods

Patients

A single center retrospective review was performed at Sawan
Pracharak Hospital, which is a pediatric tertiary care hospital in
Lower Northern of Thailand. The medical record was queried for
all pediatric patients presenting with a diagnosis of intussusception,
either as transfer or as primary admission, during the time period
from October of 2013 through June of 2020.We retrospectively
reviewed cases of intussusception in children aged less than
15 years. Patients were included if they had either abdominal
ultrasound (U/S) or computed tomography (CT) evidence of
intussusception. Patients were excluded if they did not have
radiologic evidence to support the diagnosis of intussusception.

Demographics data were recorded and analyzed including: age, sex,
date of admission, symptom with duration, treatment modalities,
outcomes, outside community hospital admission length of time
(was measured from the time that patient was first admitted to
the time that patient arrived at our institution), transfer time (was
measured from the time that patient was departed from outside
hospital to the time that the patient arrived at our institution), flow
processing time (was measured from the recorded admission time
to the time at which reduction was perform), procedural time (was
measured from the reduction was started to the time which patient
was already finished and transferred to ward in a stable conditions)
and reduction time.Prior to 2017, all cases of intussusception were
managed by barium reduction. From January 2019, the patients
were managed by pneumatic reduction.

Statistical analysis

Statistical analysis patient characteristics data were compared
using the Student’s t-test or Mann-Whitney test for continuous
variables, and Chi-square or Fisher’s exact test for categorical
variables. All statistical analyses were performed with Stata
Version14. Statistics were significant with p-value less than 0.05.

Equipment

The device used was assembled using equipment readily available

in the hospital (Figure 1)

- A handheld pump with a sphygmomanometer or blood
pressure meter attached to a pressure gauge

- A20 Frtwo-way Foley’s balloon catheter is used to insufflate
the air through the rectum

- A Three-way connector tube

- Lubricating jelly

- An airtight device using a sticky tape

<::| hanheld pup with a sphygmomanometer

Figure 1: Locally available instrument of the technique

Technique
Before attempting the pneumatic reduction, it is ensured that the
children were well hydration by venous access and had adequate

sedation.

The children were usually frightened and uncooperative. This
fear may be exacerbated by pain and parental anxiety. To achieve
satisfactory sedation and analgesia, we used intravenous sedation
with fentanyl and midazolam before the procedure.

1. Administering Fentanyl-first protocol followed by midazolam.
We do not separate the children from parents throughout the
procedure.

2. The children were transferred to the fluoroscopic room in
their mother’s embraces.

3. This procedure required IV access, Pediatric surgeon,
Radiologist, Nurse and equipment for pneumatic reduction
method.

4. In the pneumatic reduction method

5. AFoley’s catheter was inserted into the rectum of the children.
After the catheter had been introduced per rectum, the balloon
was inflated 20 cc of air through the balloon inlet.

6. The child’s gluteal folds were strapped together to further
ensure no air leakage during the procedure.

7. With air-reduction, pressure in the region of 80-110 mmHg

were used which may reduce the intussusception back to the

ileocolic valve. Air was inflated using hand pump.

Continuously monitor the child’s bowel using the fluoroscope

(Figures 2-6).

0. Success was achieved when there was reduction of the mass

and air refluxes into the terminal ileum (Figure 6).

11. Assessment with ultrasound after the procedure to confirm
of complete reduction. In addition, any lead point, intestinal
blood flow and unexpected minute intraperitoneal free air that
may lie above the liver can detect by ultrasound.

=0 x

When the intussusception reduced, the children were sent back
to the ward.

Initial recording of vital signs was at least every 10 minutes until
the child begins to awaken [5].

A%

Figure 2: was a fluoroscopic image of
thie child during a reduetion procedure,

Figure 3: showed air filled most of the
colon (arrows),

Figure 4: showed the soft tissue mass of
the intussusception  was  in the
ascending ce

Figure 5: demonstrated absence of soft
tisstse mass and gas filled mubtiple small
bowel loops, after reduction  of

intussusception.

Figure 6: showed air refluxed mto the
terminal ibeum {arrow).

Figures 2-6: Pneumatic reduction with fluoroscopic guidance

Sedation assessment and Monitoring

The safe sedation of children for our procedure requires a
clear understanding of the medication’s pharmacokinetic and
pharmacodynamic effects and drug interactions (Figure7).

Monitoring include pulse oximetry, heart rate, blood pressure,
respiration. Other equipment include suction equipment, adequate
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oxygen supply, emergency checklist and reversal drugs (Naloxone) Table 2 and 3. Seven patients were treated by surgery after the

[5]. diagnosis due to peritonitis. Three patients had spontaneous
reduction after admission in our hospital (Tablel).

Figure 7: Medication’s pharmacokinetic and pharmacodynamic

effects Table 1: Treatment of pediatric intussusceptions
Drugs used in Pediatric Sedation data Total
Drug Route of Onset of Half-life (n=65)
Administration Action Treatment, n(%)
Fentanyl v IV: almost 2-36 hours Barium reduction 19(29.23)
immediate Pneumatic reduction 36(55.38)
Midazolam 1\Y IV: 1-5 min 2-7 hours Surgery 7(10.77)
(From U.S. Pharmacist published Adverse Events in Pediatric | SPontancous reduction 3(4.62)

Sedation, 2008)[5
0] Mean age at presentation was 23.93+28.90 months (range from

4 to 144 months). Duration of symptoms was 47.72+32.56 hours
(range from 7 to 360 hours). The most common symptom reported
was abdominal pain, found in all 65 patients. Common present
symptoms are represented in Table 3.

Results

A total of 65 patients (35 male, 30 female) with intussusception
were treated at Sawan Pracharak Hospital. The summary of the
epidemiological characteristics of all the patients are shown in

Table 3 Demographic data by treatment of 4 groups

data Total Barium reduction Pneumatic Surgery(n=7) Spontaneous
(n=65) (n=19) reduction (n=36) reduction (n=3)

Gender, n(%)

Male 35(53.85) 11(57.89) 18(50.00) 4(57.14) 2(66.67)

Female 30(46.15) 8(42.11) 18(50.00) 3(42.86) 1(33.33)

Age (month), 12(7, 32) 8(5, 12) 16(8, 37) 6(6, 48) 41(12,97)

median(IQR)

mean+SD 23.93+28.90 12.73+16.74 25.75+24.60 33.82+55.16 50.00+43.20

Success, n(%) n=55

No 40(72.73) 7(36.84) 33(91.67) - -

Success 15(27.27) 12(63.16) 3(8.33) - -

LOS(day), 2(2,5) 4(2, 6) 2(2,3) 6(4, 14) 2(1,2)

median(IQR)

mean+SD 4.18+5.04 4.42+2.21 2.94+3.11 11.00+11.53 1.66+0.57

Time OSH(hr), 16(6, 34) 9(6, 34) 14(6, 32) 32(7, 44) 10(6, 40)

median(IQR)

mean+SD 21.40+18.04 20.95+20.35 20.21+16.93 29.62+19.35 18.75+18.49

Time Transfer(min), 60(40, 95) 59(49, 73) 60(15, 115) 52(45, 60) 66(54, 122)

median(IQR)

mean+SD 66.69+43.06 63.23+25.62 68.02+52.12 62.42+33.29 80.66+36.29

Time 60(20, 115) 117(90, 165) 36(15, 65) - -

Processing(min),

median(IQR)

mean+SD 99.03+151.81 202.77+224.40 47.16+46.26 - -

Time 2(1, 60) 60(60, 60) 1(1,2) - -

Reduction(min),

median(IQR)

mean+SD 21.00+28.16 58.88+13.56 2.05+2.12 - -

Time 38(23, 60) 60(50, 60) 28(20, 38) - -

Procedural(min),

median(IQR)

mean+SD 39.05+18.25 58.33+13.71 29.41+11.25 - -

Time Onset(hr), 48(24, 72) 24(24, 48) 48(24, 72) - -

median(IQR)

mean+SD 47.72+32.56 34.57+29.41 54.41+34.25 - -

Type Intussusception,

n(%)
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Colocolic 8(12.31) 6(31.58) 2(5.56) 0 0
Ileocecal/ileocolic 54(83.08) 13(68.42) 34(94.44) 6(85.71) 1(33.33)
ileoileal 3(4.62) - - 1(14.29) 2(66.67)
Time Abdominal 26(24, 72) 24(24, 48) 42(24,72) 72(24,72) 24(24, 72)
Pain(hr),

median(IQR)

mean+SD 44.75+31.47 34.57+29.41 49.05+33.24 52.28+27.43 40.00+27.71
Symptoms, n(%)

LGIB 38(58.46) 12(63.16) 20(55.56) 6(85.71) 0
Nausea/Vomiting 48(73.85) 16(84.21) 23(63.89) 6(85.71) 3(100)
Abdominal distension 31(47.69) 12(63.16) 13(36.11) 6(85.71) 0
Fever 14(21.54) 7(36.84) 3(8.33) 2(28.57) 2(66.67)
URI 7(10.77) 0 6(16.67) 0 1(33.33)
timeNPO(hr), 6(4,9) 6(4, 12) 6(3, 6) 11(6, 24) 8(5, 8)
median(IQR)

mean+SD 7.14+5.00 7.52+5.15 5.94+3.46 13.17+8.95 7.00+1.73

Pneumatic reduction was performed in 36 patients, among which 33 (91.67%) cases were successful, no bowel perforation was
observed after procedure. (Table 4 and 6).

Table 4: Reduction success rate

Method of reduction Total Success rate Failure
(n) n (%) n (%)

Pneumatic reduction 36 33 (91.67) 3(8.33)

Barium reduction 19 7 (36.84) 12 (63.16)

Barium reduction was successful in 36.84% of cases (7 of 19 cases) shown in Table 4. Comparison of pneumatic reduction group and
barium reduction group was shown in Table 2. A total of 22 patients in this study (7peritonitis, 15failure of non-operative reduction)
required operative treatment. The most frequently performed was laparotomy with manual reduction in unsuccessful barium reduction
patients, laparotomy with bowel resection and primary bowel anastomosis in patients with peritonitis and unsuccessful pneumatic
reduction. In one case, laparoscopy was made as therapeutic and diagnostic operation after 1st episode of recurrence, but no Meckel
diverticulum or other lead point was found.

In our study, 54 (83.03%) patients were ileocolic intussusception, 8 (12.31%) were colocolic type; other types were less common
(Table 3). Overall recurrence rate was 4.6% (3 in 65). Early recurrence during same hospitalization in first 24-48 hours was occurred
in 2 patients after barium reduction. One patient had a recurrence at three-months follow up after pneumatic reduction (Table 6).

Table 6: Outcome of Children with Intussusceptions by Pneumatic Reductions (N=36) and Barium Reductions (n=19)

Outcomes Total Pneumatic group Hydrostatic group
() () ()

Perforation 0 0 0

Recurrence 3 1 2

Mean post reduction hospital length of stay (LOS) was 4.18+5.04 days (range from 1-36 days). In pneumatic reduction group mean
length of hospital stay was 2.9 days versus 4.4 days in barium reduction group. Mean LOS in surgical group was 11 day. There was
a statistically significant difference in length of hospital stay between pneumatic reduction group and barium reduction group (P <
0.05) shown in Table 2. No sedation-related complication was found, including Cardiovascular-related complications (hypotension,
hypertension, and cardiac arrhythmias), Respiratory-related complications (respiratory depression, airway obstruction, hypoxia, and
pulmonary aspiration), Allergic reactions, or other complications (Nausea and vomiting, paradoxical reactions). IV sedation with
Fentanyl and Midazolam did not add any complication to the pneumatic reduction [5].

Regarding time since onset of symptoms, there was a statistically significant difference between pneumatic reduction and barium
reduction groups (P < 0.05) (Table 2). The relationship between the longer duration of symptom and the success rate of pneumatic
reduction may result in a higher likelihood effectiveness of our safe pneumatic reduction technique than barium hydrostatic reduction
methods.

The time required to complete the procedure including procedural time, processing time and reduction time was shorter in the
pneumatic group (mean: 29.41+11.25) compare with the barium reduction group (mean: 58.33+13.71). There was no significant
difference in transfer time between these two groups (Table 2).
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However, we found that patients requiring surgery for intussusception had presented the longer outside community hospital admission
length of time (mean: 29.62+19.35 hours) than the successful pneumatic reduction patients (mean: 20.21+16.93 hours) (Table 3).

Table 2: Demographic data by treatment of 2 groups

data Total Barium reduction Pneumatic reduction p-value
(n=55) (n=19) (n=36)

Gender, n(%)
Male 29(52.73) 11(57.89) 18(50.00) 0.577
Female 26(47.27) 8(42.11) 18(50.00)
Age (month), 12(7, 29) 8(5, 12) 16(8, 37) 0.007
median(IQR)
mean+SD 21.25+22.91 12.73+16.74 25.75+24.60
Success, n(%)
No 40(72.73) 7(36.84) 33(91.67) 0.000
Success 15(27.27) 12(63.16) 3(8.33)
LOS(day), median(IQR) 2(2,5) 4(2, 6) 2(2,3) 0.001
mean+SD 3.45+2.90 4.42+2.21 2.94+3.11
Time OSH(hr), 13(6, 33) 9(6, 34) 14(6, 32) 0.937
median(IQR)
mean+SD 20.45+17.92 20.95+20.35 20.21+16.93
Time Transfer(min), 60(36, 99) 59(49, 73) 60(15, 115) 0.876
median(IQR)
mean+SD 66.46+44.97 63.23+25.62 68.02+52.12
Time Processing(min), 60(20, 115) 117(90, 165) 36(15, 65) 0.000
median(IQR)
mean+SD 99.03+151.81 202.77+224.40 47.16+46.26
Time Reduction(min), 2(1, 60) 60(60, 60) 1(1,2) 0.000
median(IQR)
mean+SD 21.00+28.16 58.88+13.56 2.05+2.12
Time Procedural(min), 38(23, 60) 60(50, 60) 28(20, 38) 0.000
median(IQR)
mean+SD 39.05+18.25 58.33+13.71 29.41+11.25
Time Onset(hr), 24(24,72) 24(24, 48) 48(24, 72) 0.044
median(IQR)
mean+SD 47.56+33.75 34.57+29.41 54.41+34.25
Type Intussusception,
n(%)
Colocolic 8(14.55) 6(31.58) 2(5.56) 0.016
ileocecal 47(85.45) 13(68.42) 34(94.44)
Time Abdominal Pain(hr), 25(24,72) 24(24, 48) 42(24, 72) 0.058
median(IQR)
mean+SD 44.05+32.45 34.57+29.41 49.05+33.24
Symptoms, n(%)
LGIB 32(58.18) 12(63.16) 20(55.56) 0.587
Nausea/Vomiting 39(70.91) 16(84.21) 23(63.89) 0.115
Abdominal distension 25(45.45) 12(63.16) 13(36.11) 0.055
Fever 10(18.18) 7(36.84) 3(8.33) 0.023
URI 6(10.91) 0 6(16.67)
timeNPO(hr), 6(4,7) 6(4, 12) 6(3, 6) 0.182
median(IQR)
mean+SD 6.49+4.14 7.52+5.15 5.94+3.46

Discussion

Successful reduction by pneumatic reduction was achieved in 33 patients (91.67%). Recent studies reported rates of successful
reduction rage from 61.26% to 88.9% as shown in Table 7.
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Table 7: Comparison of Success Rate with Other Studies [6, 7,2,8, 9, 10, 11, 5]

Study Year Cases Country Success (%)
Thomas Ray S. et al 2015 17 USA 82

J. Khorana et al 2015 68 Thailand 61.26
Ali Egab Joda et al 2016 56 Iraq 78.5
Al-Mefih et al 2016 45 Jordan 88.9
Ahmad Ali et al 2017 40 Egypt 80
Mustafa E. Dorterler et al 2019 115 Turkey 74.7
Ramesh Tanger et al 2020 48 India 80
Present study 2020 36 Thailand 91.67

The higher success rate compared to hydrostatic reduction is due to
the inherent compressible effect of air that results in air dissecting
between intussusceptum and intussuscipien. Furthermore the
well cooperation and the minimal increased intra-abdominal
pressure caused by satisfactory sedation resulted in rapid and
smooth reduction. We used only minimal to moderate level of
sedation, but did not use muscle relaxant or performing general
anesthesia because straining during the reduction procedure
protects against bowel perforation and decrease risk of respiratory
adverse events if the child had previous upper respiratory infection
from general anesthesia Apart from higher success rate, our safe
technique for pneumatic reduction under fluoroscopic guidance
with IV sedation has other advantages. Reduction was faster
and therefore the patient received less radiation dose from
fluoroscopy. Radiation was further reduced because lower kilo
voltage and mill amperage were required. The radiation dose
during pneumatic reduction is half that of hydrostatic reduction.
Bowel perforation is a known complication in both air and
barium reduction. If perforation occurs when barium is used,
contamination of the peritoneal cavity with fecal mixed barium
is more detrimental than the pneumoperitoneum caused when air
is used. When pneumoperitoneum occurs, percutaneous puncture

of the abdominal wall with and 18G needle would prevent tension
pneumoperitoneum and respiratory embarrassment [7].

Successful management of intussusception imposes early diagnosis,
adequate fluid therapy, and early reduction of the invaginating
intestinal loops [12]. The long duration of symptoms will give
time to development of edema and vascular changes that make the
intussusception so tight and decreases the likelihood of pneumatic
reduction. In our study, the success rate of pneumatic reduction
was 83-100% when the patients presented early in first 24 hours
of symptoms and decreased to 75% when the patients present
at 72 hours. The same thing was reported by other study, but
interestingly, we found that the success rate of our safe pneumatic
reduction technique when patients present in 96 -120 hours was
100% (8/8 patients) (Table 5). These may be explained with a
reason of using only minimal to moderate level of sedation in our
study for well patient cooperation. General anesthesia was not
used during pneumatic reduction because it could mask the signs
of shock during the procedure. Muscle relaxant was also not used
because smooth muscle tension during the reduction procedure
protects against bowel perforation. Furthermore the increased intra-
abdominal pressures caused by straining help rapid reduction [10].

Table 5: Success Rate of pneumatic reduction in relation to the duration of symptoms

Duration of symptoms Number of patient Successful pneumatic reduction
(day) n (%) n (%)
<1 day 6 (16.67) 5(83.33)
1 days 7 (19.44) 7 (100)
2 days 5(13.89) 5(100)
3 days 8(22.22) 6 (75)
4 days 6 (16.67) 6 (100)
5 days 2 (5.56) 2 (100)
Total 33 (91.67%)

Reduction of intussusception may perform on awake children
without sedation, but the unsedated child may resist the procedure,
which may lengthen its duration and increase the radiation
dose. We use intravenous (I'V) sedation during the procedure to
overcome these difficulties.

A limitation of pneumatic reduction under fluoroscopic
guidance is its limited ability to identify the lead points which
cause intussusception during the pneumatic reduction process,
and another concern is that fluoroscopic images may fail to
depict residual ileoileal intussusception. In our study, under
ultrasonographic confirmation after the procedure, we can solve
this problem. Furthermore, ultrasonography has high-quality
images to detect intra-peritoneal free air [10].

Conclusion

The technique of pneumatic reduction described is easy
to assemble, safe, fast and effective. It has high success rate
(91.67%) and low complication rate, decrease length of hospital
stay. We recommend it for regular use in pneumatic reduction
of intussusception. However, the surgical morbidity was low in
those who were diagnosis early and timely transfer to our center.
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