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Abstract
Background The causes of idiopathic ileocolic intussusception are unknown, with infection as the most likely culprit. 
Recently, social distancing measures were implemented during the coronavirus disease 2019 (COVID-19) pandemic to 
decrease transmissible infectious diseases, creating an opportune setting to study the role of infection on the pathogenesis 
of intussusception on a population level.
Objective To investigate the impact of social distancing on intussusception.
Materials and methods We retrospectively reviewed air contrast enemas and pylorus ultrasounds performed between March 
2010 and March 2021 to identify cases of ileocolic intussusception and hypertrophic pyloric stenosis (HPS), using the latter 
as a negative control. The study time frame was divided into two periods: pre-pandemic (March 2010–February 2020) and 
pandemic (April 2020–March 2021). The number of cases that occurred in these two time periods were compared using the 
Poisson regression model.
Results Of the 407 cases of idiopathic ileocolic intussusception identified, 396 occurred in the pre-pandemic time period 
(mean = 39.6 per 12-month period) and 11 occurred in the 12-month pandemic time period. The mean monthly number of 
intussusceptions showed a decline of 72% (95% confidence interval [CI] 49–85%) between the pre-pandemic and pandemic 
time periods (3.3 vs. 0.9 monthly cases; P < 0.001). In contrast, the mean monthly number of HPS did not differ significantly 
(P = 0.19).
Conclusion Social distancing—imposed to curb the spread of infection during the COVID-19 pandemic—resulted in a 
significant decline in ileocolic intussusception, lending strong support to the theory that infection is the dominant cause of 
intussusception.

Keywords Children · COVID-19 · Hypertrophic pyloric stenosis · Intussusception · Pathogenesis · Ultrasound

Introduction

Intussusception is the telescoping of a proximal segment of 
the intestine (intussusceptum) into a more distal segment 
(intussuscipiens) and is a common cause of abdominal 
pain in children 6–36 months of age [1–8]. The incidence 
of intussusception is approximately 74/100,000 in children 
younger than 1 year of age, with the peak incidence among 

infants 5–7 months old [7]. Timely diagnosis and treatment 
are crucial because, if left untreated, intussusception can 
result in high morbidity and mortality. The current diag-
nostic approach includes ultrasound (US) with or without 
plain radiographs [2, 3, 9], and the treatment of choice at 
most institutions is fluoroscopic-guided air contrast enema 
[2, 4, 10–14]. Despite extensive research, the etiology of 
ileocolic intussusception remains largely unknown [3]. In 
a small percent of cases (2–12%), a mass (such as Meckel 
diverticulum, polyp or enteric duplication cyst) acts as a 
pathological lead point [4, 6, 15]. Those remaining cases 
without a pathological lead point are considered idiopathic, 
even if there was a likely or possible triggering event such 
as infection [3]. Studies have shown a link between infection 
and intussusception [16–34]. Other speculative causes of 

 * Atsuhiko Handa 
 atsuhiko.handa@childrens.harvard.edu

1 Department of Radiology, Boston Children’s Hospital, 300 
Longwood Ave., Boston, MA 02115, USA

2 Institutional Centers for Clinical and Translational Research, 
Boston Children’s Hospital and Harvard Medical School, 
Boston, MA, USA

/ Published online: 9 October 2021

Pediatric Radiology (2022) 52:453–459

http://orcid.org/0000-0001-6401-4629
http://crossmark.crossref.org/dialog/?doi=10.1007/s00247-021-05211-8&domain=pdf


1 3

intussusception include intestinal allergies, celiac disease, 
Crohn disease and certain anatomical variants [35].

Another relatively common condition affecting the gas-
trointestinal tracts in young children is hypertrophic pyloric 
stenosis (HPS), in which the pyloric muscle is abnormally 
thickened and elongated, resulting in near complete gastric 
outlet obstruction [36]. The etiology of this condition is also 
unknown; however, infection has not been implicated as the 
cause of HPS, a stark contrast to the current theory regarding 
the pathogenesis of ileocolic intussusception [37]. Although 
the speculative etiologies of HPS and intussusception are 
different, they do share two key commonalities: (1) both dis-
ease processes acutely affect the gastrointestinal tract requir-
ing prompt diagnosis and intervention and (2) the peak age 
of incidence of both entities is during infancy (with HPS 
slightly younger).

The recent coronavirus disease 2019 (COVID-19) pan-
demic created an unprecedented situation where social 
distancing measures (such as the closures of schools and 
public places, physical distancing and the cancellation of 
mass gatherings) were implemented to reduce the transmis-
sion of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) [38]. In the Commonwealth of Massachu-
setts, the governor declared a state of emergency on March 
10, 2020 [39]. Kindergarten to 12th-grade schools and 
nonemergency childcare programs were closed in the same 
month, gradually reopening to in-person care after a year in 
April 2021. As a result of the mandated social distancing 
measures, there has been a global decline in the number of 
infectious diseases [40], including seasonal influenza [41], 
emergency department visits [42] and hospitalizations (for 
specific viral-associated conditions such as bronchiolitis and 
asthma) [43].

In this study, we investigate the role of infection as a 
cause of ileocolic intussusception. In contrast to virtually all 
other studies in the literature, where the goal was to establish 
a causal relationship between infection and intussusception, 
we intend to establish this relationship from an entirely dif-
ferent but complementary approach. Specifically, we con-
ducted a retrospective observational study to show that the 
decrease in infections with social and physical distancing 
would result in a decrease in the number of intussuscep-
tions. To establish this relationship, a large study cohort 
is required given the overall low incidence of this disease 
entity. Unintentionally and unknowingly, we have already 
engaged in such a study on a massive scale, specifically, at 
a population-level, during the COVID-19 pandemic. The 
widespread social distancing measures imposed for the past 
year curtailed the spread of infection, which we can leverage 
to study its impacts on intussusception by comparing the 
incidences of intussusception before and after the imple-
mentation of social and physical distancing measures. To 
strengthen this study, we added HPS as a negative control, 

given its similar disease profile and shared commonalities 
with childhood intussusception. In short, the objective of 
this study was to investigate the impact of social and physi-
cal distancing—implemented to curb the transmission of 
infections during the COVID-19 pandemic—on the inci-
dence of ileocolic intussusception.

Materials and methods

This retrospective study was approved by the local insti-
tutional review board and was compliant with the Health 
Insurance Portability and Accountability Act. Informed con-
sent was waived.

Ileocolic intussusception study population

An appropriate surrogate to identify children with clinically 
significant ileocolic intussusception is to identify those who 
underwent air contrast enema for intussusception reduction. 
At our hospital, the first step in the diagnosis of ileocolic 
intussusception is US, and the first line of treatment for this 
condition is via air contrast enema, including cases that 
ultimately require surgery. As a department, we do not per-
form liquid contrast enema or US-guided intussusception 
reductions.

We conducted a computerized search of the image data-
base at our large tertiary children’s hospital to identify air 
contrast enemas performed in children (≤ 18 years old) 
between March 1, 2010, and March 31, 2021 (133 months). 
A pediatric radiologist (A.T.) with 11 years of post-fellow-
ship experience reviewed the reports of these procedures. 
In cases where the air contrast enemas failed to reduce the 
intussusception and required surgical intervention, the sur-
gical reports were reviewed. Exclusion criteria were as fol-
lows: (1) previous air contrast enema(s) within the past year, 
(2) surgically proven pathological lead point as the cause of 
intussusception and (3) intussusception that did not involve 
the colon. The purpose of exclusion criterion 1 was to elimi-
nate children with multiple air contrast enemas performed 
for intussusception recurrence and/or treatment failures. The 
generous 1-year time window specified for this exclusion 
criterion was to avoid double counting during the data analy-
sis. To stay within the scope of this investigation, exclusion 
criteria 2 and 3 were implemented to ensure that our study 
cohort included only those with idiopathic intussusceptions 
(by excluding those with surgically proven pathological lead 
points) and those that are ileocolic in location, respectively.

Hypertrophic pyloric stenosis study population

A computerized search of the image database at our large 
tertiary children’s hospital was similarly conducted to 
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identify pylorus US exams performed during early infancy 
(≤ 6 months old) between March 1, 2010, and March 31, 
2021 (the same ~ 11 years). The same pediatric radiologist 
reviewed the reports of these US exams to identify those 
with a diagnosis of HPS. The exclusion criterion was a 
previous positive pylorus US to avoid double counting.

Pre‑pandemic and pandemic time periods

This investigation occurred between March 1, 2010, and 
March 31, 2021. To test our study hypothesis, this period 
of time was separated into two subsets: pre-pandemic and 
pandemic. Because the regional pandemic public health 
response was initiated during March 2020, part of this 
month was under mandated social and physical distanc-
ing. As a result, March 2020 was considered a transitional 
month, and it was excluded from the study. The pre-pan-
demic period consisted of the 120 months before the initia-
tion of the social distancing (i.e. March 1, 2010–February 
29, 2020). In contrast, the pandemic period consisted of 
the 12 months following the initiation of social distancing 
(i.e. April 1, 2020–March 31, 2021).

Statistical analysis

We compared the monthly number of patients with ile-
ocolic intussusceptions and HPS diagnosed during the 
pre-pandemic time period (120 months) against those 

diagnosed during the pandemic time period (12 months) 
using the Poisson regression model with log link func-
tion. To compare the data over a longer period of time, we 
divided the 120 months before the initiation of social dis-
tancing into 10 contiguous 12-month intervals. Each time 
interval extends from March 1 of 1 year to February 28 
(or February 29 during leap years) of the following year. 
The 12 months following the initiation of social distancing 
were grouped together as one. This partitioning scheme 
resulted in 10 groupings in the pre-pandemic period and 
1 grouping in the pandemic period, applied to both the 
ileocolic intussusception and HPS study cohorts. For each 
study cohort, the number of patients in each of the eleven 
12-month groupings were tabulated, then the numbers in 
the pre-pandemic period were compared to those in the 
pandemic period (using mean and standard deviation 
[SD] as the summary statistics for comparison). The sea-
sonal variation of ileocolic intussusception was evaluated 
by examining case counts by month. We examined any 
monthly variation in cases using a χ2 test. All analyses 
were conducted with a statistical significance threshold 
of P < 0.05. Statistical analysis was conducted using SAS 
version 9.4 (SAS Institute, Inc., Cary, NC).

Fig. 1  A flowchart illustrates 
the identification of patients for 
inclusion in the ileocolic intus-
susception study cohort
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Results

Ileocolic intussusception study cohort

The methodology by which the ileocolic intussuscep-
tion study cohort was identified is depicted in Fig. 1. Of 
the 580 air contrast enemas performed during the entire 
study, 152 were repeats (with a previous air contrast 
enema performed during the past year), 14 were found to 
have pathological lead points (9 Meckel diverticula and 
1 each of fibrovascular/fibroadipose tissue, duplication 
cyst, heterotopic pancreatic tissue, B-cell lymphoma and 
colonic polyp) and 3 were found not to be ileocolic in loca-
tion. During the transitional month of March 2020, four 
air contrast enemas were performed. After these exclu-
sions, 404 patients (267 males, 137 females) had 407 
enemas (male = 270, female = 137; mean age = 2.2 years, 
SD = 2.1 years, range = 0.2–16 years).

Of the 407 ileocolic intussusceptions that occurred dur-
ing the study, 396 occurred in the pre-pandemic time period 
(mean = 39.6 and SD = 8.8 per 12-month period). The 11 
intussusceptions that occurred in the 12-month pandemic 
time period was a decline of 72% from the pre-pandemic 
average (Fig. 2). Only one patient in this cohort was noted 
to be COVID-19 positive (13 days before the diagnosis of 
intussusception). Monthly, the mean number of ileocolic 
intussusceptions was 3.3 (SD = 1.9) during the pre-pandemic 
time period and 0.9 (SD = 1.0) during the pandemic time 
period. During the pandemic time period, the monthly num-
ber of intussusceptions declined by 72% (95% confidence 
interval [CI] 49–85%; P < 0.001; Table 1). A more in-depth 
analysis showed that the decline in monthly number of cases 
between the two time periods was observed among males, 
among females, among children < 2 years old and among 
children 2–4 years old. We found no evidence of seasonality 
of intussusception (P = 0.74).

Fig. 2  The number of patients 
diagnosed with ileocolic intus-
susception (a) and hypertrophic 
pyloric stenosis (b) over the 
132-month study interval, 
excluding March 2020. Black 
bars correspond to the pre-pan-
demic time period (i.e. the 10 
groups covering the 120 months 
before the pandemic social 
distancing measures). The white 
bar corresponds to the pandemic 
time period (i.e. the 12-month 
time interval after the initiation 
of the pandemic social distanc-
ing measures)
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Hypertrophic pyloric stenosis study cohort

For the HPS study cohort, 3,830 pylorus US exams 
were performed during the same study period, and 
572 patients were diagnosed with HPS (481 males, 
91 females; mean age = 1.3 months, SD = 0.7 months, 
range = 0.36–5.0 months). Of the 572 patients, 529 were 
diagnosed in the pre-pandemic time period (mean = 52.9 
and SD = 9.3 per 12-month period) and 43 patients were 
diagnosed in the 12-month pandemic time period (Fig. 2). 
Monthly, the mean number of HPS cases diagnosed did not 
differ between the pre-pandemic time period (mean = 4.4, 
SD = 2.3) and the pandemic time period (mean = 3.6, 
SD = 2.5; P = 0.19).

Discussion

We described the incidence of ileocolic intussusception 
during the pre-pandemic and pandemic periods at a large 
tertiary children’s hospital, both on a yearly basis and on 
a monthly basis, over the past 11 years. The epidemiologi-
cal characteristics of children with intussusception in our 
study recapitulated previous studies, including the age dis-
tribution, pathological lead points and those in the ileocolic 
regions. The lack of seasonal variation also confirms find-
ings described previously [5, 7]. The number of intussuscep-
tion cases that occurred in the pandemic time period showed 
a statistically significant decline of 72% as compared to the 
pre-pandemic period. In contrast, the incidence of HPS 
remained steady.

The significant decrease in the incidence of ileocolic 
intussusception during the COVID-19 pandemic public 
health response supports our hypothesis that transmissible 
infection is a major factor in causing ileocolic intussuscep-
tion. We speculate that mandatory social and physical dis-
tancing decreased the rate of transmissible infections, which 
likely reduced infection-triggered bowel inflammation and 
lymphadenopathy and in turn decreased the incidence of 
idiopathic ileocolic intussusception. Furthermore, the 72% 
decrease in the incidence of ileocolic intussusception from 
the pre-pandemic to the pandemic time periods suggests that 
infection probably constitutes a larger portion of cases than 
previously reported (approximately 30%) [5]. In sum, our 
data support previous studies that demonstrated a causal 
relationship between infectious agents and ileocolic intus-
susception [16–32].

A few published reports describe ileocolic intussus-
ception rates related to the COVID-19 pandemic [44–46]. 
We note a recent letter to the editor reporting a decrease 
in pediatric intussusception cases during the COVID-19 
pandemic, with the purpose of dispelling the myth that 

COVID-19 may be causing an increased number of ile-
ocolic intussusceptions [47]. In our study, during the pan-
demic period, only 1/11 patients with intussusception was 
documented to have active COVID-19 infection. Given 
these data, we postulate that COVID-19-related ileocolic 
intussusception is uncommon, and other infectious agents 
constitute the majority of infectious predisposition.

In contrast to all the previous studies showing infec-
tion as a risk factor for intussusception, our study set out 
to support this causation from a different angle. Specifi-
cally, we utilized statistical inference and the widespread 
pandemic public health response to support the notion that 
a lack of infection is a safeguard against ileocolic intus-
susception. Although our approach differed from that of 
others, the results were nevertheless valid and complemen-
tary, further strengthening the theory of infection as the 
main cause of intussusception.

The use of HPS as a negative control in our study 
strengthened our results. We believe that HPS served as 
a satisfactory negative control for three primary reasons. 
Firstly, this condition closely mirrored intussusception in 
many respects (age of presentation, acuity of condition, 
unknown pathogenesis and organ system involvement), 
with the major difference being that infection has not 
been implicated as a potential etiology of HPS. Secondly, 
the epidemiological characteristics of our HPS study 
population mirrored those reported previously, providing 
firm scientific grounds and support as a negative control. 
Thirdly, we argue that the lack of change in the incidence 
of HPS in the pre-pandemic period and pandemic period is 
a strong foundation to address possible study confounders 
and biases that may have emerged during the pandemic 
(such as alterations in referral pattern, differences in health 
care access and changes in diagnostic work-up).

The decrease in the incidence of intussusception posed 
an educational challenge to radiology residency and fel-
lowship programs during the pandemic. The number of 
cases during the pandemic was approximately one-fourth 
of the pre-pandemic level, substantially limiting our train-
ees’ valuable experiences and competence in perform-
ing air contrast enema procedures. Additional measures 
or remediation may be necessary for trainees to become 
comfortable in performing such an important therapeutic 
procedure.

Our study has limitations, including its retrospective 
nature. This study was limited by the small number of 
ileocolic intussusceptions diagnosed during the pandemic 
period. A multi-institutional study would be required to 
increase this number and further strengthen our findings. 
It was not possible to calculate the incidence rate because 
of the difficulty in defining the source population for this 
hospital-based study. Another limitation was the potential 
development of differential referral bias, suboptimal health 
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care access and change in diagnostic work-up during the 
pandemic. Some may argue that parents may be more reluc-
tant to seek care, telehealth may present as a barrier to timely 
and accurate diagnosis, and hospital access may be more 
restricted. However, these were unlikely major contributors 
given the unchanged incidence of HPS, a condition that has 
a similar disease profile as intussusception. In addition, ile-
ocolic intussusception commonly presents as an urgent clini-
cal situation, requiring immediate therapy. Lastly, we did not 
review every single patient’s chart for antecedent illness or 
any microbial result. Thus, it would be impossible to know 
how many of our patients truly had an antecedent infectious 
disease. Such meticulous and time-consuming study may 
clarify the direct causal linkage on a large population scale.

Conclusion

The COVID-19 pandemic created an unprecedented time 
of social and physical distancing for children and their sib-
lings, immediate family, and caregivers, which served to 
substantially reduce not only COVID-19 infections but also 
other transmissible infectious diseases. This unique isolating 
environment resulted in a statistically significant decline in 
the incidence of ileocolic intussusception, but an unchanged 
incidence of HPS at our institution, lending support to the 
theory that infectious etiology is a dominant cause of intus-
susception. Future data from the post-pandemic period (once 
social distancing measures have been completely lifted) with 
demonstration of a rebound in the number of intussuscep-
tions would further strengthen our results.
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