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Abstract
Purpose COVID-19 disease can manifest with intussusception in pediatric patients, but prevalence of abnormalities on ultra-
sounds performed for intussusception is uncertain. We aim to report our experience in children with COVID-19 presenting 
with suspected intussusception imaged with ultrasound.
Methods Children under 18 years who had an ultrasound for possible intussusception underwent retrospective analysis 
and were tested for COVID-19 between April 1 and December 14, 2020. Patients’ demographic, clinical, radiological and 
surgical characteristics were reviewed.
Results Twenty-four COVID-19-positive patients were identified; 19 boys with mean age 3 years (range: 3 months–18 years). 
Ultrasound was abnormal in 11 patients (11/24, 46%). Sonographic features of enterocolitis were documented in seven 
children (7/24, 29%). Three boys (3/24, 13%) were found to have ileocolic intussusception on ultrasound and underwent air 
enema with failed reduction (3/3, 100%), precipitating surgical reductions, all with favorable outcomes. One patient (1/24, 
4%) was found to have a long segment of persistent small bowel–small bowel intussusception which was surgically repaired.
Conclusion Given the known association between failed reduction at air enema and delayed presentation, heightened aware-
ness for intussusception in the setting of COVID-19 should be maintained, though more often, the etiology was attributed 
to other GI manifestations of COVID-19.
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Introduction

Gastrointestinal (GI) manifestations of severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) have been 
documented in nearly 25% of children with COVID-19 and 
ranged from mild symptoms including diarrhea, nausea, 
vomiting, and abdominal pain to more severe “surgical” 
presentations mimicking appendicitis [1, 2]. Intussusception 
has also been reported as a GI manifestation of COVID-19 
[3–7].

Intussusception is the most common cause of acute bowel 
obstruction in young children, most commonly occurring 
between the ages of 5 and 10 months [8]. Several viral path-
ogens have been linked to intussusception as possible etiolo-
gies, namely adenovirus and human herpesvirus 6 (HHV-6) 
[9]. Five case reports from China, Pakistan, United King-
dom, Spain and the United States of America [3–7] suggest 
a plausible correlation between intussusception and SARS-
CoV-2 infection.
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Here, we report our experience with SARS-CoV-
2-positive children presenting with symptoms suspicious 
for intussusception who were imaged with ultrasound at a 
large pediatric tertiary care health system. The reduction 
rates for those with ileocolic intussusception were com-
pared to historical institutional reduction rates, and cor-
related with duration of symptoms prior to presentation. In 
addition, we report the ultrasound findings of SARS-CoV-
2-negative children who were imaged with ultrasound for 
intussusception as well as the overall rate of GI symptoms 
in SARS-CoV-2-positive children admitted to our hospital 
during the study period.

Methods

Data acquisition

Patients were identified via Electronic Medical Record 
search, which included all patients who tested positive 
or negative for SARS-CoV-2 via antigen or antibody, as 
well as all their imaging exams. A retrospective chart 
review was performed for all children under 18 years 
who tested positive or negative for SARS-CoV-2 and 
underwent ultrasound (US) for possible intussusception 
between the local onset of the COVID-19 pandemic on 
April 1st, 2020 and December 14th, 2020. We recorded 
the demographic characteristics including age, gender 
and ethnicity, symptoms and duration of symptoms, 
ultrasound and when performed, enema imaging find-
ings, fluoroscopy time of the enema reduction procedure, 
surgical reports, length of hospital stay and discharge 
summary on surgical patients.

Our institution uses a unique imaging order code to 
indicate that intussusception is suspected, which enables 
a dedicated “intussusception ultrasound” to be performed 
specifically for this indication. Other types of abdomin-
opelvic ultrasounds such as abdominal ultrasound, right 
upper quadrant ultrasound, appendicitis ultrasound, or 
volvulus ultrasound, each with their unique protocols, 
were not included in this review as they are not utilized in 
patients suspected of having intussusception. Determina-
tion of SARS-CoV-2 positivity in our cohort was made 
by real-time reverse transcriptase (RT-PCR) analysis of 
nasopharyngeal swab samples. Patients who were imaged 
with US for intussusception but did not have a COVID-19 
test, were excluded (n = 373).

We also examined the GI symptom rate among pediatric 
patients presenting with COVID-19, defined as the rate of 
patients who had ICD-10 diagnosis codes involving signs 
and symptoms of the digestive system and abdomen as part 
of their discharge summary reports.

Intussusception ultrasound and air enema 
reduction

The ultrasound protocol to look for intussusception consists 
of scanning bowel in the four abdominal quadrants using 
a high-frequency linear probe. If ileocolic intussusception 
is confirmed on ultrasound, the patient is scheduled for 
fluoroscopic enema reduction to be performed within 2 h 
of order placement. Fluoroscopic enema reduction is avail-
able 24/7 at all hospital locations and performed by a radi-
ology-attending physician. Contraindications to fluoroscopic 
reduction are evaluated by the medical team and radiologist, 
including signs of peritonitis, shock and pneumoperitoneum. 
In our institution, the overwhelming majority of cases are 
performed via pneumatic (air) enema reduction although a 
small minority of faculty perform liquid enema reduction.

Comparison to local historical data

The failed fluoroscopic reduction rate in our institution has 
previously been reported at 13.9% and the time between 
fluoroscopic reduction attempt and surgical intervention 
ranged between 1.1 and 15.5 h (mean 4.3 h) in hemody-
namically stable children [10].

Results

During the study period, 685 patients were admitted with a 
positive COVID-19 test. 145 patients (21%) were affected by 
GI symptoms. Of these, 24 SARS-CoV-2-positive patients 
who underwent intussusception ultrasound were identified 
(19 boys) with mean age 3 years (range: 3 months–18 years). 
All patients experienced one or more of the following symp-
toms: abdominal pain, vomiting, diarrhea (bloody or not), 
intermittent crying, and decreased oral intake.

Abnormal ultrasound was noted in 11 patients (11/24, 
46%). Sonographic features of enteritis or enterocolitis 
(Fig. 1) were documented sonographically in seven children 
(7/24, 29%). One patient (1/24, 4%), a 3-year-old boy, was 
found to have a long segment (4.7 cm) of small bowel–small 
bowel intussusception in the left upper abdominal quadrant 
which was still present on a repeat ultrasound 4 h later and 
underwent surgical reduction which showed an internal her-
nia defect through which a large amount of small bowel had 
herniated without vascular compromise (Fig. 2). The bowel 
was successfully reduced and placed back in its orthotopic 
position. Table 1 outlines the demographic and clinical char-
acteristics of these eight children.

Three boys (3/24, 13%) were diagnosed with ileocolic 
intussusception (Fig. 3) via ultrasound and all experienced 
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failed air enema reduction with respective fluoroscopy 
times of 16, 17 and 21 min (mean 18 min). Two patients 
are Hispanic (67%) and one is white (33%) with their symp-
toms’ duration ranged between 24 and 96 h (mean 56 h). 
One patient underwent a repeat fluoroscopic enema reduc-
tion attempt 8 h later with partial reduction to the level of 
ileocecal valve. These patients all subsequently underwent 
successful surgical reduction in the operating room without 
complications with a time range of 1.8–13 h (mean 5.5 h) 
between the first fluoroscopic reduction attempt and surgical 
reduction compared to an institutional range of 1.1–15.5 h 
(mean 4.3 h) [10]. Two patients had surgery 1.8 h after the 
failed reduction enema and one child had surgery 13 h after 
the first attempt and 5 h after the second attempt; this child 
remained clinically stable without distress. None of these 
patients had evidence of bowel ischemia nor required bowel 
resection and all were discharged home on postoperative day 
2 in stable condition. Table 2 summarizes the demographic 
and clinical characteristics of these three children.

Four hundred and three SARS-CoV-2-negative patients 
who underwent intussusception ultrasound were identified 
(248 boys) with mean age 3 years (range: 1 month–17 years). 
Abnormal ultrasound findings were noted in 117 patients 
(117/403, 29%), including enteritis or enterocolitis (58/403, 
14%), ileocolic intussusception (18/403, 4%), transient small 
bowel–small bowel intussusception (18/403, 4%), gallblad-
der sludge/gallstone (7/403, 1.7%), appendicitis (5/403, 
1.2%), small bowel obstruction (3/403, 0.7%), complex 
ascites (2/403, 0.5%), volvulus (1/403, 0.2%), hypertrophic 
pyloric stenosis (1/403, 0.2%), pancreatitis (1/403, 0.2%), 

Fig. 1  Seven-year-old Asian female presented with 1-day history of 
abdominal pain, vomiting and bloody stool. Frontal abdominal view 
(a) shows thickened bowel wall (arrows). Transverse ultrasound images 
(b–d) show bowel wall thickening (arrow) with associated simple free 
fluid (blue arrow). Findings are consistent with enterocolitis

Fig. 2  Three-year-old white 
male presented with 4-day his-
tory of vomiting but no fever or 
cough. Greyscale sagittal and 
transverse ultrasound images 
(a, b) reveal a long segment 
(4.7 cm) of small bowel intus-
susception in the left upper 
quadrant (arrow). Flow is 
documented within the intus-
susceptum (arrow) on the color 
Doppler sagittal ultrasound 
image (c). An image taken 
during surgical intervention (d) 
shows the hernia defect (arrow) 
through which the small bowel 
loops herniated
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splenic infarct (1/403, 0.2%), hydronephrosis (1/403, 0.2%) 
and infected urachal cyst (1/403, 0.2%).

Among the 18 SARS-CoV-2-negative patients diag-
nosed with ileocolic intussusception (14 boys), 9 are His-
panic (50%), 6 are white (33%) and 3 are black (17%). 

Their symptoms’ duration ranged between 1 and 120 h 
(mean 35 h). 15 cases (83%) had successful air enema 
reduction while 3 patients (17%) had partial fluoroscopic 
reduction attempts and underwent successful surgical 
reduction. Bowel ischemia was found in one boy who 

Table 1  Demographic and clinical characteristics of children with COVID-19 and enterocolitis and small bowel intussusception (M: male, F: 
female)

Age Sex Ethnicity Gastrointestinal symptoms, duration Respiratory symp-
toms, duration

Fever, duration

1 3 years M White Vomiting, 96 h None No
2 7 years F Asian Abdominal pain, vomiting and bloody stool, 24 h None No
3 3 years M White Abdominal pain, vomiting and bloody stool, 24 h None Yes, 48 h
4 5 years M Hispanic Vomiting and diarrhea, 72 h None Yes, 72 h
5 1 year M Hispanic Vomiting, 96 h None No
6 8 years M White Abdominal pain and bloody diarrhea, 48 h None No
7 4 months M Hispanic Vomiting, 168 h None Yes, 48 h
8 5 months M Hispanic Bloody diarrhea, 24 h None No

Fig. 3  3-month-old white male presented with 4-day history of 
bloody diarrhea but no fever or cough. Color Doppler transverse and 
greyscale sagittal ultrasound images (a and b) show a bowel within 
bowel appearance in the right upper quadrant (arrow) compatible 
with ileocolic intussusception containing multiple lymph nodes and 
mesenteric fat (blue arrow). Frontal fluoroscopic views from the air 

enema (c–e) show progressive but incomplete reduction of the intus-
susception to the level of ileocecal valve (arrow). An image taken 
during surgical procedure (f) shows ecchymotic and edematous but 
completely viable bowel (arrow). There was a standard ileocolic 
intussusception which was manually reduced. No enterectomy was 
performed
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needed distal small bowel and right colon resection with 
ileocolic anastomosis.

Discussion

Nearly half of all intussusception ultrasounds performed for 
suspected intussusception in SARS-CoV-2-positive patients 
showed GI abnormalities on ultrasound, most commonly 
enterocolitis, and less commonly intussusception. In the 
three patients with ileocolic intussusception, we experienced 
a 100% failure rate of pneumatic reduction. Furthermore, the 
one patient with small bowel–small bowel intussusception 
also required surgical reduction.

Delay in diagnosis secondary to delayed presentation 
will lead to delay in providing the adequate non-invasive 
treatment through enema reduction and increase risk of 
failure. Increased risk of requiring surgical reduction and 
bowel resection has previously been reported with symptom 
duration exceeding 24–48 h [11, 12]. All three patients with 
failed reduction in our cohort presented to the emergency 
department 24 to 96 h (mean 56 h) after experiencing GI 
symptoms, which may account for our failure rate.

Of note, our observation of failed enema reductions is not 
similar to what has been previously reported. Specifically, 
most COVID-19-associated intussusception cases have been 
successfully treated with non-surgical reduction [3, 4, 6, 7]. 
There was only one reported case of failed pneumatic enema 
reduction requiring surgical intervention which also identi-
fied malrotation and was treated with both intussusception 
reduction and a Ladd’s procedure [5]. The symptom duration 
in these patients ranged between 30 and 96 h (mean 55.5 h) 
which is similar to the range and mean symptom duration of 
our patients, suggesting that delayed presentation is not the 
only factor accounting for our failed reduction rate. We do 
not think it likely that our failed reduction rate was related to 
radiologist concern over patient COVID-19-positive status 
since the enema reduction fluoroscopic time ranged between 
16 and 21 min (mean 18 min) with multiple attempts, which 
is much higher than established ranges for enema reduction, 
reported previously in the literature at 4.9 min for failed 
procedures [13].

One patient with small bowel intussusception also 
required surgical reduction which is atypical since most 
small bowel intussusceptions spontaneously reduce. How-
ever, surgical intervention is needed when there is an asso-
ciated bowel necrosis or lead point, and when there is an 
intussusception length greater than 3.5 cm [14, 15]. In our 
case, an internal hernia defect was found to be the lead point 
for a long segment (4.7 cm) of small bowel intussusception.

One of the three children with ileocolic intussusception 
presented exclusively with GI symptoms, unlike the other 
two cases who initially experienced fever and cough before 
developing GI symptoms. This emphasizes the need to raise 
suspicion of SARS-CoV-2 infection in children with only GI 
manifestations as previously documented to avoid delayed 
diagnosis, increased risk of complications and more severe 
disease course [16].

Our finding of other GI manifestations on ultrasound per-
formed for intussusception is not surprising given the poten-
tial selection bias of exams performed in children presenting 
with GI symptoms concerning for intussusception. However, 
the rate of abnormalities on ultrasound is still worth noting. 
In addition, 21% of SARS-CoV-2-positive patients admitted 
to our hospital were affected by GI manifestations including 
intussusception. Published meta-analysis of studies examin-
ing gastrointestinal manifestations of COVID-19 in children 
documented prevalence ranging from 0 to 88% with a pooled 
prevalence of 22.8% [1]. In another pooled analysis, GI man-
ifestations were reported in 12% of children with COVID-19 
[17]. Our concordant results support the growing recognition 
that GI manifestations of pediatric COVID-19 are common.

Several etiologies have previously been reported to be 
associated with intussusception including viral infections 
such as adenovirus. The pathophysiology involves the for-
mation of lymphoid hyperplasia of Peyer’s patches in the 
ileum as well as the presence of inflammatory neuropathy 
secondary to intestinal nervous plexus lymphocytic infiltra-
tion leading to abnormal bowel peristalsis which in turns 
causes bowel telescoping into each other [18]. Although it 
is not documented, the pathogenesis of SARS-CoV-2-related 
intussusception may also be similar to what is seen with ade-
novirus. Furthermore, the intestinal epithelial cells express 
the angiotensin-converting enzyme 2 (ACE-2) receptors and 
the transmembrane protease serine 2 (TMPRSS2) enzyme 

Table 2  Demographic and clinical characteristics of children with COVID-19 and ileocolic intussusception (M: male)

Age Sex Ethnicity Gastrointestinal symptoms, duration Respiratory 
symptoms, 
duration

Fever, duration COVID-19 diagnosis Ultrasound, 
fluoroscopy, 
surgery

1 3 months M White Bloody diarrhea, 96 h None No 9/30/2020 9/30/2020
2 1 year M Hispanic Abdominal pain and bloody diar-

rhea, 24 h
Cough, 48 h Yes, 48 h 7/5/2020 7/8/2020

3 4 years M Hispanic Abdominal pain and vomiting, 48 h Cough, 48 h Yes, 48 h 6/25/2020 6/27/2020
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which mediate the entry of SARS-CoV-2. Enterocyte neu-
ronal cells also express ACE-2 receptors [19, 20] which 
might also explain COVID-19 GI infection in our cohort, 
since almost 30% of children had sonographic evidence of 
enterocolitis. This is beyond the scope of this report, but 
suggests further area for study, including pathologic analysis 
of the bowel in cases where bowel may be compromised and 
resection performed.

Our study is subject to many limitations including its ret-
rospective nature and being conducted in a single institution 
over a short period of time. Specifically, the cohort of SARS-
CoV-2-positive cases is small, and therefore, the ability to 
draw statistical inference from the available demographic 
and clinical data of the three children with intussusception 
is limited. In addition, there is large difference in patient 
numbers between SARS-CoV-2-positive (n = 24) versus 
SARS-CoV-2-negative patients (n = 403) who were imaged 
for intussusception limiting the ability to run an accurate 
statistical comparison between these two groups. While 
our group noted more variable diagnoses on ultrasound 
imaging of SARS-CoV-2-negative patients versus SARS-
CoV-2-positive patients, this can be explained by the larger 
number of imaged SARS-CoV-2-negative patients. While 
the failure rate of enema reduction in patients who tested 
negative for COVID-19 and had intussusception during the 
same period of time (17%) is close to the known failure rate 
in our institution (13.9%) [10], it is vastly different from 
the failure rate in SARS-CoV-2-positive patients (100%). 
This significant difference in patients’ outcome after fluoro-
scopic enema needs further evaluation with a larger cohort 
of SARS-CoV-2-positive patients with intussusception to 
assess for possible demographic and clinical factors playing 
a role in failure of enema reduction. Furthermore, our insti-
tution was not performing strain analysis during the study 
period to check for any possible propensity of a particular 
variant for GI involvement in children. Multi-institutional 
longitudinal studies are needed to elucidate the association 
between SARS-CoV-2 and GI disease, not limited to intus-
susception, in the pediatric population.

Conclusion

A substantial proportion of ultrasounds performed for intus-
susception in children with COVID-19 show abnormalities 
of the GI tract, further indicating that the gastrointestinal 
tract is not infrequently involved in children with COVID-
19. 13% of our patients (3/24) were diagnosed with ileocolic 
intussusception, of which 100% failed enema reduction. Our 
findings emphasize the need for increased awareness about 
the possibility of GI symptoms to precede the respiratory 
symptoms of COVID-19 and also to be the only disease 
manifestation in children. Given the known increased failure 

rate with delayed diagnosis of intussusception, heightened 
suspicion for ileocolic intussusception should be maintained 
in children diagnosed with COVID-19.
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