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Abstract
We performed a prospective study to explore a diagnosis and treatment protocol of transient intussusception in children (TIC).
Totally, 143 children with intussusception who met the inclusion criteria were firstly divided into intussusception involving only
the small bowel and intussusception involving the colon group. And in each group, they were further divided into short-segment
(≤ 3.0 cm) and long-segment (> 3.0 cm) groups according to the length of intussusception. After a period of conservative
treatment, the incidence of TIC, the incidence of surgery, and recurrence were collected and analyzed. Finally, we found that
the incidence of TIC in the short-segment group of small bowel intussusception (96.29%) was significantly higher than that in
other groups (P ≤ 0.001). Besides, the incidence of surgery and recurrence in this group was relatively low too. Therefore, we
summarized the inclusion criteria and treatments to the short-segment group of small bowel intussusception as the suggested
protocol to TIC.

Conclusion: For cases of small bowel intussusception with no identified pathologic lead point, a short duration of symptoms, a
length of ≤ 3.0 cm, a relatively abundant vascular flow signal, and a stable general condition, the spontaneous reduction could be
expected and a period of conservative treatment with careful monitoring is recommended.

What is Known:
• The phenomenon of spontaneous reduction in intussusception (transient intussusception) among pediatric patients has been widely reported.
• To distinguish the transient intussusception from the other types is important for the transient ones only need conservative treatment rather than enema

reduction or surgery.

What is New:
• This is the first prospective study to explore a diagnosis and treatment protocol of transient intussusception in children.
• Short-segment small bowel intussusceptions have a higher rate (96.29%) to get spontaneous reduction than the other types of intussusception.
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Abbreviations
CDI Color Doppler image
DOS Duration of symptoms

PLP Pathological lead point
TIC Transient intussusception in children
US Ultrasound
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Introduction

Intussusception, defined as the invagination of one part of the
intestine into another, is one of the most common abdominal
emergencies in early childhood [1]. Both the small bowel and
colon can be involved. According to the etiology, intussuscep-
tion can be mainly divided into two kinds: idiopathic and
secondary to a pathological lead point (PLP). Of these two,
idiopathic is by far more frequent at approximately 90% of all
cases of intussusception [2].

In 1940, Goldman and Elman [3] reported on four children
with transient intussusception in which the phenomenon of
spontaneous reduction was witnessed. Since then, several
studies have reported this kind of transient intussusception in
children (TIC), which is self-limited and can reduce sponta-
neously without any special intervention [4–14]. And with the
wider availability and better resolution of ultrasound (US), an
increasing number of TIC have been reported. Therefore, in-
tussusception could also be further classified into two general
types: fixed intussusceptions, which are mostly symptomatic
and require treatment; transient intussusceptions, which are
mostly asymptomatic and are assumed to reduce spontaneous-
ly [1]. Although these transient intussusceptions were mostly
reported to involve only the small bowel, transient intussus-
ceptions involving the colon have also been reported [1,
4–14].

As to the treatment of intussusceptions, reduction by hy-
drostatic or air enema is the preferred treatment to the intus-
susceptions involving the colon. But in the treatment of intus-
susceptions involving only the small bowels, because the liq-
uid or air from an enema may not reach the site of intussus-
ception, leading to a low successful rate of enema reduction,
surgical exploration becomes the main treatment. However,
whether enema or surgery, it is risky. Enema may cause intes-
tinal perforation and air enema may cause radiation exposure
risks, while surgery may cause complications to patients and
increase medical expenses. Therefore, it is very necessary to
distinguish the transient intussusceptions (which only need
conservative treatments) from the others (which need further
treatment), to avoid the risks of enema reduction and surgical
exploration.

By reviewing the records of children with transient in-
tussusception, Kornecki et al. [4] recommended that when
a short-segment intussusception with no PLP is spotted,
particularly in an asymptomatic patient, conservative ob-
servation is warranted. Additionally, Kim [7] has summa-
rized the typical US features of transient small bowel in-
tussusception as follows: (1) a small outer diameter (less
than 2.5 cm), (2) short-segment (less than 3 cm), (3) pre-
served intestinal wall motion, and (4) absence of PLP.
Furthermore, Mateen et al. [8] and Guney et al. [13] have
also confirmed the similar features of transient small bowel
intussusception, but the length of segment was reported to

be less than 3.5 cm and less than 2.3 cm, respectively.
However, almost all of these studies are retrospective ones
and there has been a lack of prospective studies using these
findings to distinguish the TIC from other kinds of intus-
susception in clinical practice.

Therefore, according to the reported characteristics, we per-
formed this study to explore a diagnosis and management
protocol of TIC to distinguish it from other intussusceptions
and then to prospectively verify the protocol’s clinical
practicability.

Methods

This prospective study was approved by the Institutional
Review Board and Ethical Committee at the West China
Hospital of Sichuan University in China (No.407, November
10, 2015). All procedures followed the research protocols ap-
proved by Sichuan University and the West China Hospital of
Sichuan University and were conducted according to the 1964
Helsinki declaration and its later amendments or comparable
ethical standards. Written informed consent for participation
in this study was provided, and the use of clinical records was
approved by the patients’ parents or the person with parental
authority.

Candidates for inclusion in this study were pediatric
patients (from birth to 18 years old) who were diagnosed
with intussusception in the emergency department of West
China Hospital of Sichuan University in China from
January 2016 to December 2017. The diagnosis and iden-
tification of the site of intussusception were determined by
experienced US examiners through ultrasonography ac-
cording to its typical appearance as described previously
[15–17].

Once considering that “the duration of symptoms >
48 h” was the risk factor for the recurrence of intussuscep-
tion and the failure of enema reduction [18, 19], we set “the
duration of symptoms (DOS) ≤ 42 h” as the first inclusion
criteria to make sure that after a period of conservative
treatment (for no more than 6 h) described below, the
DOS in all the included patients was no more than 48 h
in total. Therefore, the complete inclusion criteria were set
as follows: (1) the DOS ≤ 42 h; (2) the absence of PLP
(including Meckel’s diverticulum, intestinal polyps, and
duplications); (3) the peristalsis or the existence of vascu-
lar flow signal in the intussusception suggested by color
Doppler image (CDI); (4) the stability of vital signs in the
patients, with no signs of peritonitis, perforation, or hemo-
dynamic instability despite adequate resuscitation [4–8,
10–13]. The rest of the patients with intussusception were
treated with surgical or enema reduction as soon as
possible.
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Depending on the pathology, treatment plan, and anatomi-
cal location, we first divided the intussusception patients who
met the inclusion criteria into intussusception of the small
bowel (involving only the small bowel) group and intussus-
ception of the colon (involving the colon) group. Then in each
intussusception group, according to the length of intussuscep-
tion, we further divided them into the short-segment group (in
which the length of intussusception was ≤ 3.0 cm) and the
long-segment group (in which the length of intussusception
was > 3.0 cm) [4, 5, 7–13]. All patients were treated conser-
vative at first according to protocol. As mentioned before,
according to Kornecki et al. [4] and Kim [7], the majority of
the spontaneous reduction of intussusceptions occurred within
6 h. In light of this, we set the conservative treatment period as
no more than 6 h from the patients’ arrival at the emergency
department. The conservative treatment included the follow-
ing: (1) fasting and water deprivation, a nasogastric tube
would be inserted if the patient suffered from recurrent
vomiting; (2) intravenous fluid resuscitation would be initiat-
ed; (3) the abdominal US would be repeated every 1–2 h for
evaluation until the spontaneous reduction was confirmed [1,
4–9, 11].

The conservative treatment would be suspended and con-
verted to surgery or enema reduction immediately if any of the
following conditions occurred: (1) general deterioration (in-
cluding worsening abdominal pain or distension and worsen-
ing rectal bleeding), the signs of peritonitis, perforation, or
hemodynamic instability in spite of adequate resuscitation;
(2) increase in the length of intussusception by more than
1 cm; (3) rapid deterioration or disappearance of the vascular
flow signal in the intussusception suggested by CDI; (4) the
continuing existence of intussusception after 6 h of conserva-
tive treatment [7–13].

All the patients included were observed in the emergency
department initially, except for patients who need surgical
treatment.

We considered the inclusion criteria and the treatment pro-
tocol of the short-segment group as the diagnosis and man-
agement protocol of TIC.

Primary and secondary outcome

The primary outcome of the study was the incidence of spon-
taneous reduction within the 6 h of conservative treatment.
The secondary outcomes of this study were the number of
surgical reduction, number of patients with bowel perforation,
number of bowel resection, and number of patients with re-
current intussusception.

Statistical analysis

Statistical analysis was performed using SPSS Statistics for
Windows (version 23.0). The categorical descriptive data

were presented as number (N) and percentage (%) and were
analyzed with the χ2 test or Fisher’s exact test. The numerical
descriptive data were presented as mean and standard devia-
tion (SD) and were analyzed with the t test or Mann-Whitney
U test. A P value < 0.05 was considered statistically
significant.

Results

A total of 179 pediatric patients with intussusception were
identified in the emergency department of West China
Hospital of Sichuan University from January 2016 to
December 2017 (Fig.1). The follow-up duration was at least
6 months. Among them, 36 patients were excluded from the
study due to the following reasons: their refusal to participate
(n = 17), more than 42 h of DOS (n = 13), suspected PLP (n =
4), and signs of peritonitis (n = 2). The remaining 143 patients
were enrolled in this study and were firstly divided into the
intussusception of the small bowel group (n = 32) and intus-
susception of the colon group (n = 111). Then, they were fur-
ther divided into short-segment and long-segment in each
group. The baseline characteristics were summarized in
Table 1. The male to female ratio was 1.8:1. The median age
of the patients was 22 months and the mean weight was
12.49 kg. The most common symptoms were abdominal pain
(86.01%), vomiting (76.92%), and rectal bleeding (23.08%).
Diarrhea (6.99%), distention (5.59%), and constipation
(5.59%) were also recorded. About 18.88% of the patients
had temperature higher than 37.4 °C. The palpable mass was
identified in 42.66% of them and was more common in the
long-segment group (P = 0.001). The median DOS was 23 h.
The rate of intussusception of the small bowel and intussus-
ception of the colon was different between the short-segment
group and long-segment group (P < 0.001). The mean length
of intussusception was 40.65 mm.

The outcomes of the patients were shown in Table 2. In 32
patients (22.38% of total), the intussusceptions were sponta-
neously resolved within 6 h after conservative treatment. And
30 of these spontaneous reductions occurred within 4 h after
the conservative treatment. The incidence of TIC was signif-
icantly higher in the short-segment group of small bowel in-
tussusception (96.29%) than that in the long-segment group of
small bowel intussusception (20%, P = 0.001). Moreover, it
was also higher than that in the short-segment group
(16.67%, P < 0.001) and long-segment group (3.81%,
P < 0.001) of the intussusception involving the colon.
However, there was no significant difference in the incidence
in TIC between the short-segment and long-segment groups
of intussusception of the colon (P = 0.247). In addition, the
incidence of TIC in intussusception of the small bowel (27/32)
was significantly higher than that in intussusception of the
colon (5/111) (P < 0.001).
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The rate of surgical reduction between the short-segment
and long-segment groups was statistically significant in the

intussusception of the small bowel (P = 0.001), but not in
the intussusception of the colon (P = 1.000). In the end, six

Table 1 Baseline characteristics of the included patients

Characteristics All, n (%)
N = 143

Short-segment group,
n (%) N = 33

Long-segment group,
n (%) N = 110

P value

Sex

Male 92 (64.34) 23 (69.70) 69 (62.73) 0.538

Female 51 (35.66) 10 (30.30) 41 (37.27)

Age (month)a 22 (10–36) 22 (8–37) 22(12–32.75) 0.948

Weight (kg)b 12.49 (4.09) 13.11 (4.39) 12.30 (3.99) 0.446

Symptoms

Vomiting 110 (76.92) 26 (78.79) 84 (76.36) 0.819

Abdominal pain 123 (86.01) 28 (84.85) 95 (86.36) 1.000

DOS (hour)a 23 (15–29) 20 (13–32) 23 (16–29) 0.969

Rectal bleeding 33 (23.08) 5 (15.15) 28 (25.45) 0.249

Distension 8 (5.59) 3 (9.09) 5 (4.55) 0.572

Diarrhea 10 (6.99) 4 (12.12) 6 (5.45) 0.353

Constipation 8 (5.59) 0 (0.00) 8 (7.27) 0.245

Signs

Temperature (°C)b 37.08 (0.47) 37.13(0.53) 37.06 (0.45) 0.664

Palpable mass 61 (42.66) 6 (18.18) 55 (50.00) 0.001

Type of intussusception

Intussusception of the small bowel 32 (22.38) 27 (81.82) 5 (4.55) < 0.001
Intussusception of the colon 111 (77.62) 6 (18.18) 105(95.45)

Length of intussusception (mm)b 40.65 (15.49) 22.94 (4.77) 45.96 (13.50)

P value is the contrast between the short-segment group and long-segment group

DOS duration of symptoms
aMedian, interquartile range
bMean, standard deviation

Intussuscep�on of small bowel
N=32

Intussuscep�on of colon
N=111

179 pa�ents were diagnosed with 
intussuscep�on in the emergency 

department

Pa�ents with intussuscep�on 
met the inclusion criteria

N=143

36 Pa�ents were excluded:
Refusal to par�cipate (N=17)
More than 42 hours of DOS (N=13)
Suspected PLP (N=4)
Signs of peritoni�s (N=2)

Short-segment 
group
N=27

Long-segment 
group
N=5

Short-segmen
t group

N=6

Long-segment 
group
N=105

Fig. 1 Study flow of the patients
diagnosed with intussusception
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patients underwent surgical reduction. Among them, one 20-
month-old girl’s small bowel intussusception continued after
the 6 h of conservative treatment. So, a surgical exploration
was performed, but no intussusception or PLP was found dur-
ing the operation, and it indicated that the intussusception had
resolved itself prior to the surgery. Nevertheless, we did not
count this case as TIC in our study. One patient with intussus-
ception of the colon in the long-segment group underwent
bowel resection and anastomosis due to Meckel’s diverticu-
lum. Finally, all the 6 patients recovered and were discharged
eventually. No perforation occurred during this study.

Whether in the intussusception of the small bowel or in the
intussusception of the colon, there was no statistical difference
in the rate of intussusception recurrence between the short-
segment and long-segment groups (P> 0.05). Notably, 1 pa-
tient with recurrent small bowel intussusception and 1 patient
with recurrent ileocolic intussusception were treated conser-
vatively and got spontaneous reduction again just as they had
before in the short-segment group. And the remaining 9 pa-
tients with recurrent intussusception were eventually
discharged after successful enema reduction.

For intussusceptions that failed to get spontaneous reduc-
tion, the enema reduction was preferred for the intussuscep-
tion of the colon, and surgery was performed as soon as pos-
sible for the patients with an unsuccessful enema reduction or
with intussusception of the small bowel. The main conditions
which lead to the suspension of conservative treatment are
shown in Table 3. “Increase in the length of intussusception
by more than 1 cm” was the most common condition leading
to the suspension. For 2 patients, whose vascular flow signal
in intussusception rapidly deteriorated or disappeared, suc-
cessful enema reduction was achieved using a relatively low
pressure. As for etiology, almost all of the cases were idio-
pathic (over 99%) except for the one case with Meckel’s di-
verticulum. We also compared the DOS of the intussuscep-
tions that were resolved spontaneously within 6 h (n = 32)
with the intussusceptions which were not (n = 111), and the

results showed no significant difference between them (P =
0.779). All of the 111 patients were discharged eventually
after surgical or enema reduction.

In this study, there were 39 patients less than 1 year of age.
Among them, intussusceptions in 13 patients had spontaneous
reduction within 6 h. For the remaining 26 patients, the most
common condition leading to the suspension of conservative
treatment was still the increase of length. The rate of patients
suffering general deterioration in the infants < 1 year of age
showed no statistical differencewith that in the infants ≥ 1 year
of age (P = 0.743). In the end, all the patients less than 1 year
of age were eventually discharged.

Discussion

With the widespread use of US and its increased resolution, a
larger number of patients with transient intussusception have
been detected [4, 6–14]. The rate of spontaneous reduction of
intussusceptions has been reported to be as many as 17–38%
of all cases of intussusception [4, 6, 8, 13]. In our study, the
total rate of TIC was familiar to the reported ones as 22.38%.
As to the anatomical type of TIC, although most of them were
reported as small bowel intussusceptions, it has also been
reported that the rate of transient intussusception in the colon
was up to 14% among all TIC [1, 4]. This is why we also
included the intussusception of the colon in this study.
Finally, the results of this study confirmed that the majority
of TIC were small bowel intussusception (84.38%), and the
rate of them was significantly higher than that in the intussus-
ception of the colon (4.5%) (P < 0.001). Additionally, the in-
cidence of TIC in the short-segment group of small bowel
intussusception (96.29%) was significantly higher than that
in the other groups (P ≤ 0.001). Therefore, we summarized
the inclusion criteria and treatment protocol to the short-
segment group of small bowel intussusception as the sug-
gested diagnosis and management protocol to TIC (Fig. 2).

Table 2 Outcomes of the included patients

Outcomes All, n (%) Intussusception of the small bowel, n (%) P
value

Intussusception of the colon, n (%) P
value

Short-segment group
(n = 27)

Long-segment group
(n = 5)

Short-segment group
(n = 6)

Long-segment group
(n = 105)

Spontaneous reduction 32 (22.38) 26 (96.29) 1(20.00) 0.001 1 (16.67) 4 (3.81) 0.247

Enema reduction 105 (73.43) 0 (0.00) 0 (0.00) 5 (83.33) 100 (95.24)

Surgical reduction 6 (4.19) 1 (3.70) 4 (80.00) 0.001 0 (0.00) 1 (0.95) 1.000

The method of operation

Simple reduction 5 (3.49) 1 (3.70) 4 (80.00) 0 (0.00) 0 (0.00)

Bowel resection and
anastomosis

1 (0.69) 0 (0.00) 0 (0.00) 0 (0.00) 1 (0.95)

Recurrence 11 (7.69) 1 (3.70) 0 (0.00) 1.000 2 (33.33) 8 (7.62) 0.09

P value is the contrast between the short-segment group and long-segment group
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Considering the relatively low incidence of TIC and the insig-
nificant statistical results between the short-segment and long-
segment groups in intussusception of the colon in our study,
we do not recommend this protocol for the management of
intussusception of the colon.

In this study, 93.75% (30/32) of TIC were resolved
spontaneously within 4 h, which were similar to the pre-
vious study [4, 7–9, 11]. It is worth noting that among
the patients who underwent surgical reduction, no intus-
susception was found during the operation in a 20-
month-old girl from the short-segment small bowel intus-
susception group. We speculated that it might be a de-
layed spontaneous reduction of intussusception that oc-
curred after 6 h of conservative treatment. This may in-
dicate that we could extend the observation time appro-
priately, but the risk of delayed treatment may also in-
crease over time. Hence, the ideal time point which
could balance the benefits and risks of long observation
is still worth discussing.

Except the characteristics of TIC mentioned in the intro-
duction, Zhang et al. [11] also found that the length of intus-
susception ≥ 4.2 cm was an index with high sensitivity and
specificity of the need for surgical management in small bowel
intussusception. Munden et al. [9] also suggested that the
length of intussusception greater than 3.5 cm was a strong
independent predictor of the need for surgical intervention.
Therefore, according to the studies mentioned above and con-
sidering the race factor, we set “the length of intussusception
≤ 3.0 cm” and “the existence of vascular flow signal in the
intussusception” as part of the criteria for suspected cases of
TIC. Afterwards, the “increase in the length of intussusception
by more than 1 cm” and “rapid deterioration or disappearance
of vascular flow signal” were set as the indicators to convert
the conservative treatment to surgical or enema reduction.
These two indicators may indicate the progress of the disease,
thus avoiding the deterioration of general condition of the

patient or the occurrence of intestinal necrosis. In this study,
we strictly followed the conditions for suspending the conser-
vative treatment, and no perforation or intestinal necrosis
occurred.

Table 3 Analysis of the cases that failed to get spontaneous reduction within 6 h (n = 111)

Intussusception of the
small bowel, n (%)

Intussusception of the
colon, n (%)

Short-segment
group (n = 1)

Long-segment
group (n = 4)

Short-segment
group (n = 5)

Long-segment
group (n = 101)

Main conditions

General deterioration (including hemodynamically unstable, worsening
abdominal pain or distension, worsening rectal bleeding)

0 (0.00) 1 (25.00) 1 (20.00) 30 (29.70)

Increase in the length of intussusception by more than 1 cm 0 (0.00) 2 (50.00) 3 (60.00) 41 (40.59)

Rapid deterioration or disappearance of vascular flow signal 0 (0.00) 0 (0.00) 0 (0.00) 2 (1.98)

The existence of intussusception after 6 h of conservative treatment 1 (100.00) 1 (25.00) 1 (20.00) 28 (27.72)

Etiology

Idiopathic 1 (100.00) 4 (100.00) 5 (100.00) 100 (99.00)

Meckel’s diverticulum 0 (0.00) 0 (0.00) 0 (0.00) 1 (0.99)

Fig. 2 Diagnosis andmanagement protocol to the childrenwith suspicion
of transient small bowel intussusception in our center
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There are several limitations in our study. Firstly, all
the protocols were conducted in one institution and the
number of patients was limited. Secondly, we could not
exclude the possibility that there might be some unrec-
ognized PLP in some patients. However, after at least
6 months of follow-up, none of these patients has fre-
quently recurrent intussusception or needs to have ab-
dominal exploration surgery so far; therefore, the possi-
bility seems to be relatively low. Finally, US is an
operator-dependent examination; there could always be
some degrees of error in the length measurement of
intussusception.

Conclusion

In conclusion, for the cases of small bowel intussuscep-
tion in children with no identified pathological lead point,
a short duration of symptoms (≤ 42 h), a length of ≤
3.0 cm, a relatively abundant vascular flow signal, and a
stable general condition, the spontaneous reduction can be
expected to occur and a period (≤ 6 h) of conservative
treatment with careful monitoring is recommended.
However, this protocol is not recommended for the treat-
ment of intussusception involving the colon, and future
evidence of effective application in larger series of pa-
tients is needed before widespread acceptance and use of
this protocol.
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