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Abstract

Objectives To investigate what findings are new on contrast-enhanced abdominopelvic CT in patients infected with
SARS-CoV-2.

Methods Contrast-enhanced CT of the abdomen and pelvis of patients with COVID-19 at a tertiary oncologic center acquired
over a 2-month period were reviewed independently by two readers and scored for new imaging abnormalities compared
with a prior scan. CT scans were included if the study was performed between — 3 and 45 days from the time of COVID-19
diagnosis. Clinical information was gathered from the medical records.

Results A total of 63 patients (34 male, 29 female; mean age 60.6 years, range 24.4-85.0 years) were included in this ret-
rospective cross-sectional study. Aside from new ground glass opacities seen at the lung bases (29/63, 46.0%), the most
common findings were new thickening of the stomach, small bowel or colon or fluid-filled colon (14/63, 22.2%), new small
volume ascites (7/63, 14.3%), gallbladder distention in those without prior cholecystectomy (3/43, 7.0%), and single cases
each of acute pancreatitis (1/63, 1.6%) as well as new portal vein thrombosis (1/63, 1.6%).

Conclusion Aside from lung base ground glass opacities, the most common new imaging abnormality on abdominopelvic
CT in patients with COVID-19 finding in our cohort was abnormalities of the gastrointestinal tract, followed by small volume
ascites, gallbladder distention, and isolated cases of pancreatitis and portal vein thrombosis. These findings overlap with
those previously reported that did not have a prior scan for comparison, and provide supportive evidence that some of these
findings may be related to SARS-CoV-2 infection.
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Abbreviations Introduction

COVID-19 Coronavirus disease 2019

SARS-CoV-2 Severe acute respiratory syndrome corona-  In late 2019, a novel coronavirus emerged that spread
virus 2 quickly and resulted in a global pandemic. At the time of this

CT Computed tomography writing, severe acute respiratory syndrome coronavirus 2

SMV Superior mesenteric vein (SARS-CoV-2) and the infection it causes, coronavirus dis-

ease 2019 (COVID-19), have wrought havoc worldwide. The
World Health Organization currently reports 192,284,207
confirmed cases with 4,136,518 confirmed deaths world-

wide [1].
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much remains unknown about this relatively new pathogen
and its involvement of other organ systems. Abnormalities of
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monitor levels of COVID-19 in communities [8, 9], implying
that it may be shed from the gastrointestinal tract. This is not
entirely unexpected, as SARS-CoV-2 is known to enter host
cells via the angiotensin-converting enzyme 2 (ACE2) cell
receptor, which is expressed in the esophagus, ileum, and
colon in addition to the lung [10].

Apart from gastrointestinal findings, radiological abnor-
malities of other abdominal organs have been reported in
patients with COVID-19, including of the biliary tract,
abdominal vasculature, and pancreas [5, 6, 11, 12]. How-
ever, currently published studies do not compare imaging
of patients with COVID-19 to their pre-COVID-19 imag-
ing studies to establish whether observed abnormalities are
new since infection with the virus. A previous study has
explored the unique elements of COVID-19 in oncology
patients [13], but to our knowledge, no paper has focused on
imaging specifically in cancer patients infected with SARS-
CoV-2. This study investigates a series of oncologic patients
with COVID-19 who underwent contrast-enhanced CT of
the abdomen and pelvis, all of whom also had a prior CT
available for comparison. In contrast, many previous studies
either do not compare abdominal imaging findings to prior
studies or rely exclusively on pre-existing radiology reports
without review of the images.

Methods

Institutional review board approval was obtained for this
retrospective cross-sectional study; informed consent was
waived.

Cohort selection

A data query was placed through the hospital medical record
system for all patients diagnosed with COVID-19 in March
or April 2020, who had also undergone contrast-enhanced
computed tomography imaging through the abdomen and
pelvis at our hospital. Inclusion criteria were adult patients
(> 18 years old) with computed tomography scans of the
abdomen and pelvis performed with intravenous contrast
that were performed in the time period between 3 days
prior to 6 weeks after COVID-19 diagnosis. Subjects were
also required to have a prior CT of the abdomen and pelvis
available for comparison. As the study was conducted at a
tertiary cancer center, all patients were oncology patients
with prior CT scans of the abdomen and pelvis available for
comparison.

Image interpretation, scoring, and analysis

Two radiologists, a fellowship-trained body radiologist
(VP, 7 years of experience) and a radiology resident (MT),
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independently reviewed contrast-enhanced CT scans for
63 patients diagnosed with COVID-19. Using the software
program REDCap, they recorded whether the following
findings were present, and whether they were new from the
prior comparison CT scan: ground glass opacities at the lung
bases, gastric wall thickening, small bowel wall thickening
greater than 3 mm, colonic wall thickening greater than
3 mm, fluid-filled colon, gallbladder distension greater than
10 cm in length or 4 cm in diameter, gallbladder thickening
greater than 3 mm, ascites, pancreatitis, superior mesenteric
vein thrombosis, interstitial nephritis, hepatomegaly, or sple-
nomegaly. Additional record was made whether gastric wall
thickening was focal or diffuse, small bowel wall thicken-
ing involved a short (< 10 cm) or long segment (> 10 cm),
whether it involved proximal, middle, or distal small bowel,
what segment of the colon was thickened (ascending, trans-
verse, descending/sigmoid, or rectal), whether ascites was
small/moderate/large volume, and whether there was pan-
creatic necrosis. Spleen and hepatic craniocaudal heights
were measured at the mid clavicular line. Disagreements
were settled by a third reader, an abdominal radiologist with
expertise in oncologic imaging (DB, 4 years of experience).
A summary of the items scored is presented in Table 1.
Descriptive statistics were performed (Table 1).

Results

Initially, 73 patients were identified as potential subjects.
Ultimately, 10 were excluded: 7 patients had CT scans with-
out I'V contrast, 2 had no prior CT for comparison, and 1
had a positive COVID-19 test out of the date range. The
final cohort included 63 patients, 34 male and 29 female,
with a mean age of 60.6 years (range 24.4-85.0 years).
The contrast-enhanced CT scans were performed on aver-
age 21 days after the diagnosis of COVID-19 (range —3 to
44 days) (Fig. 1).

The top 3 most common cancer diagnoses in our cohort
were, in descending order, colon cancer (8/63, 12.7%),
pancreatic cancer (7/63, 11.1%), and bladder cancer (6/63,
9.5%). A summary of patients’ oncologic diagnoses and
patient demographics are listed in Table 2.

Most patients [46/63 (73.0%)] were scanned in the out-
patient setting, while 9/63 (14.3%) were inpatients, 7/63
(11.1%) were scanned from the hospital urgent care, and
1/63 (1.6%) was scanned while admitted to the intensive
care unit. The mean time between the prior CT scan used for
comparison and the index CT used for scoring was 69 days
(range 0-432).

The most common finding on abdominopelvic CT was
new ground glass opacities at the lung bases seen in 29/63
(46.0%) of all cases in the cohort. The interobserver agree-
ment for ground glass opacities at the lung bases was 84.1%.



Emergency Radiology (2021) 28:1087-1096

1089

Table 1 Scoresheet for readers
to assess contrast-enhanced CT
of the abdomen and pelvis

Did the patient have presence of ground glass opacities at the lung bases?
If yes, was the presence of ground glass opacities present on previous CT?

Did the patient have gastric thickening?

If yes, was gastric thickening present on prior CT?

If yes, was the gastric thickening local or diffuse?

Was there small bowel thickening > 0.3 cm?

If yes, was small bowel thickening present on previous CT?

If yes, where?
If yes, how large?
Was there colonic thickening?

If yes, was colonic thickening present on the previous CT?

If yes, where was the colonic thickening? (choice =ascending)

If yes, where was the colonic thickening? (choice =transverse)

If yes, where was the colonic thickening? (choice =distal)

If yes, where was the colonic thickening? (choice =rectum)

Did the patient have ascites?

If yes, was ascites present on the previous CT?

If yes, what was the volume?

Did the patient have pancreatitis?

If yes, was there pancreatitis present on previous CT?

If yes, was pancreatic necrosis present?

Is there gallbladder distention > 10-cm length or 4-cm diameter?

If yes, was there gallbladder distention present on the previous CT?
Was there gallbladder wall thickening?
If yes, was there presence of gallbladder wall thickening on previous CT?

Did the patient have splenomegaly > 13 cm craniocaudal?

If yes, was there presence of splenomegaly on the previous CT?

If yes, what was the measurement 1 on prior CT?
If yes, measurement 1 on COVID CT
Did the patient have hepatomegaly > 16 cm craniocaudal?

If yes, was there hepatomegaly present on the previous CT?

If yes, craniocaudal measurement at prior CT

If yes, craniocaudal measurement at COVID CT

Was there presence of SMV or portal vein thrombosis?

If yes, was there presence of SMV or portal vein thrombus on previous CT?

Was there presence of interstitial nephritis?

If yes, was there presence of interstitial nephritis on previous CT?

Did the patient have presence of fluid-filled colon?

If yes, was there presence of fluid-filled colon on previous CT?

The second most common finding was a new abnormal-
ity of the gastrointestinal tract, with 14/63 (22.2%) patients
showing one or more of the following: new wall thicken-
ing of either the stomach, small bowel, or colon, or new
fluid-filled colon. New colonic wall thickening was most
common, seen in 9/63 (14.3% of cases), followed by new
small bowel wall thickening in 4/63 cases (6.3%) and new
gastric wall thickening seen in 2/63 (3.2%) of cases. A
total of 3/63 patients (4.8%) were found to have a fluid-
filled colon on CT, new from the prior scan. A total of 6/14
(40.0%) cases showed isolated colonic wall thickening,

3/14 (21.4%) showed isolated small bowel wall thicken-
ing, and 1/14 (7.1%) each showed isolated gastric wall
thickening, isolated fluid-filled colon, combined colonic
and gastric wall thickening, combined colonic wall thick-
ening with fluid-filled colon, and combined small bowel
and colonic wall thickening with fluid-filled colon. The
interobserver agreement for colonic, small bowel, and
gastric wall thickening was 95.2%, 85.7%, and 95.2%,
respectively. Interobserver agreement for the category of
fluid-filled colon was 98.4% (Figs. 2, 3, 4, and 5).
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Fig. 1 Flow chart for patient
selection in the final study
cohort

N=745

Patients diagnosed with COVID-19 from
March 2020 to April 2020

v

Patients who did not have CT
abdominal-pelvicimaging with
contrast
N=580

N=165

Patients with CT of abdomen and pelvis

Patients whose abdominal imaging
was outside the time frame (-3 to 45

\

days) of COVID-19 diagnosis
N=92

N=73

Patients with abdominal imaging
reportedly within time range

CT Scans without IV contrast =7

v

No prior comparison CT =2
COVID-19test out of daterange =1

N=63

Included Patients

Among the 9 patients with new colonic wall thickening,
the most commonly affected segment was the descending/
distal colon (8/9, 88.9%), followed by the transverse colon
(6/9, 66.7%), the ascending colon (5/9, 55.6%), and lastly
the rectum (5/9, 55.6%). Among the 4 patients where new
small bowel wall thickening was seen, it was more com-
monly present in the proximal small bowel (3/4, 75.0%) and
more often involved a long segment of bowel greater than
10 cm in length (3/4, 75%). Between the two patients with
new gastric wall thickening, one case showed diffuse thick-
ening and one was focal.

A total of 7/63 (14.3%) of patients had new ascites.
Among those with new ascites, it was considered small vol-
ume in 6/7 (85.7%). The interobserver agreement for the
presence of ascites was 88.9%.

Twenty patients (20/63, 31.7%) had previously undergone
cholecystectomy. Among the 43 patients who had not under-
gone cholecystectomy previously, new gallbladder distention
was present in 3/43 (7.0%) of cases. None of the patients
showed gallbladder thickening. The interobserver agreement
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was 95.2% and 100.0% for gallbladder distention and gall-
bladder thickening, respectively.

There was a single case of new portal vein thrombosis
(1/63, 1.6%) and no cases of SMV thrombosis. The interob-
server agreement was 98.4%.

There was a single case of new pancreatitis (1/63, 1.6%).
There was no associated pancreatic necrosis. The interob-
server agreement for pancreatitis was 96.8%.

No patients had new splenomegaly or new hepatomegaly.
A total of 11/63 (17.5%) patients demonstrated pre-existing
splenomegaly, with a mean craniocaudal splenic length of
14.6 cm that was unchanged from the prior scan. A total
of 8/63 (12.7%) patients demonstrated pre-existing hepato-
megaly, with a mean craniocaudal length of 19.2 cm, also
unchanged from the prior scan. The interobserver agree-
ment for splenomegaly was 82.5% and for hepatomegaly
was 93.7%.

None of the patients had CT evidence of interstitial
nephritis. The interobserver agreement for interstitial nephri-
tis was 100.0%.
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Table2 Summary of patient demographics and cancer types in the
study cohort

Cancer type
Colon 8 12.7%
Pancreatic 7 11.1%
Bladder 6 9.5%
Cholangiocarcinoma 4 6.3%
Lung cancer 4 6.3%
Ovarian 4 6.3%
Endometrial 3 4.8%
Gastric 3 4.8%
Prostate 3 4.8%
Renal 3 4.8%
Gallbladder 2 3.2%
Rectal 2 3.2%
Sarcoma 2 3.2%
Appendiceal 1 1.6%
Benign hepatic tumor 1 1.6%
Breast 1 1.6%
Cervical 1 1.6%
GIST 1 1.6%
Liposarcoma 1 1.6%
Lymphoma 1 1.6%
Neuroendocrine 1 1.6%
Testicular 1 1.6%
Urothelial 1 1.6%
Uterine 1 1.6%
Vulvar 1 1.6%
Demographics

M 34
F 29
Mean age (years) 60.6

Min 244

Max 85.0

Fig.2 Chart summarizing the
distribution of GI tract findings
seen in patients with COVID-19
and new abnormalities of the
stomach, small bowel, or colon
on contrast-enhanced CT

Only 10/63 (15.9%) patients reported at least one abdomi-
nal symptom such as abdominal pain (7/63, 11.1%), abdomi-
nal distention (2/63, 3.2%), diarrhea (2/63, 3.2%), or nau-
sea/vomiting (1/63, 1.6%). Among patients with at least one
abdominal symptom, one had new gastric wall thickening,
one had new small bowel wall thickening, three had new
colonic wall thickening, one had new presence of a fluid-
filled colon, four had new small volume ascites, one had new
pancreatitis, and one had new gallbladder distention without
wall thickening.

Discussion

Among 63 patients with COVID-19, by far the most com-
mon finding on contrast-enhanced CT of the abdomen and
pelvis was new ground glass opacities at the lung bases.
Below the diaphragm, the most common findings were seen
in the gastrointestinal tract (thickening of the stomach, small
bowel, or colon, or fluid-filled colon), present in 22.2% of
patients in our cohort. The next most common finding, the
presence of new ascites as seen in 14.3% of our patients, was
small volume in each case. Gallbladder distention without
gallbladder thickening was seen in 9.3% of patients who has
not previously undergone cholecystectomy. A single case
each of new portal vein thrombosis and acute pancreatitis
account for 1.6% of cases apiece in our study apiece.

The finding of abnormalities related to the stomach, small
bowel, and colon may be related to patients’ infection with
the novel coronavirus. However, it is difficult to make a
definitive link without a gold standard, such as pathologic
correlation. Supporting the theory of viral involvement of
the GI tract is the method by which COVID-19 enters cells.
One of the key elements for cell entry for COVID-19 is the
receptor for angiotensin-converting enzyme 2 (ACE-2),

Distribution of Gl tract findings when present in patients with
COVID-19 on contrast-enhanced abdominal CT

Thickening of small bowel and colon with fluid filled colon

Isolated small bowel thickening

Isolated gastric thickening

Isolated fluid filled colon

I

Colonic and gastric thickening

Colonic thickening and fluid filled colon

Isolated colonic thickening |

0 1 2 3 4 5 6 7

Number of patients
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Fig.3 A 72-year-old female with endometrial cancer and thickening
of the gastric fundus (arrows) after diagnosis with COVID-19, which
was new from the prior scan

which is present both in alveolar cells of the lung [14] and
in the small bowel and colon [10, 15]. The presence of
small volume ascites in a small number of patients may be
related to other factors, such as iatrogenic hydration or vol-
ume shifts related to acute illness, rather than being a direct
result of viral infection. In 9.3% of patients with gallbladder
distention, there was no associated gallbladder thickening
or abnormality to suggest an inflammatory process, so this
may be attributed to other benign causes such as the fasting

Fig.4 A 68-year-old male with
colon cancer presents with

new small bowel wall thicken-
ing. Axial images show loops
of small bowel in the mid-
abdomen with wall thickening
greater than 3 mm (a, arrows),
also shown in the coronal refor-
mat (b, arrow). There is also
moderate volume ascites
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status of the patients. The isolated case of pancreatitis could
perhaps be related to COVID-19 infection, but without a
pathologic reference standard, it may be equally likely attrib-
utable to other common causes of acute pancreatitis, includ-
ing idiopathic pancreatitis. In the one case of new portal
vein thrombosis, the patient also demonstrated progression
of intrahepatic cholangiocarcinoma, which can be associ-
ated with portal vein thrombus, so caution is advised against
drawing a conclusion as to a cause-effect relationship for
this case.

Previously published studies provide context within
which these results must be interpreted. By far, the most
common finding on abdominal CT in patients with COVID-
19 is new ground glass opacities at the lung bases, seen in
46.0% of our cohort. This finding has also been reported in
a number of other studies [16-22], as would be expected
given that the virus is primarily manifested as a respiratory
pathogen.

Taking the results of our study in context of existing
literature, inferring what may be the clinical implications
of this new data is the next step. The most common and
widely reported finding, new ground glass opacities in the
lung bases, is important for abdominal radiologists to keep
in mind. Rarely, accurate identification of lung base find-
ings on abdominal CT may be the first sign that a patient is
infected with COVID-19 [20, 21], and the radiologist may be
the one to suggest testing. More commonly, it is incidentally
noted in patients already diagnosed with the virus [19-22].

The second most common finding in our cohort, new
wall thickening of the stomach, small bowel, or colon, or
fluid-filled colon, was seen in 22.2% and is perhaps the most
interesting in terms of clinical implications. Patients infected
with COVID-19 presenting with predominantly abdominal
symptoms have been well documented in the literature [20,
22-31]. Although some of the reported cases with abdomi-
nal pain have no abnormality on CT [23], others have bowel
abnormalities such as duodenojejunitis [24], venous and
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Fig.5 A 63-year-old male with
new wall thickening of the
transverse colon (a, arrow). A
CT scan performed 4 months
prior shows the same segment
of transverse colon without wall
thickening (b, arrow)

arterial thrombosis [26], and pancreatitis [28]. A study by
Shiralkar et al. [5] reported that gastric and bowel abnor-
malities were seen in 25% (3/12) of their subjects, while a
study by Bhayana et al. found bowel wall abnormalities on
31% (13/42) of their patients who underwent examination
with CT. In the latter cohort, some of the patients showed
bowel ischemia at surgery, suggesting a possible etiology of
the enteritis seen on CT. A separate case report from Chiu
et al. [32] reported ischemic enteritis related to COVID-19.
Taking these findings into consideration, along with the fact
that there is expression of angiotensin-converting enzyme
2 receptors in the GI tract and the presence of detectable
SARS-CoV-2 in wastewater [8, 9, 33], there is reason to
believe the virus plays a direct role in the bowel abnormali-
ties seen in our study and in others (Figs. 6, 7, and 8). For
practicing emergency radiologists, it is notable that most of
our patients were scanned in the outpatient setting (73.0%)
and only a minority had abdominal symptoms (15.9%), so
the imaging findings should not simply be dismissed in
asymptomatic patients.

Additional findings such as gallbladder distention without
gallbladder thickening, new small volume ascites, and iso-
lated cases of acute pancreatitis and portal vein thrombosis

Fig.6 A 63-year-old male with
bladder cancer and COVID-19
presents with abdominal pain.
CT of the upper abdomen shows
enlargement of the pancreatic
head with peripancreatic edema
and fat infiltration (a, arrow). A
comparison scan from 1 month
prior shows a normal pancreatic
head (b, arrow)

have less clear clinical implications but can be viewed con-
sidering the existing literature. Gallbladder distention was
established using established measurement threshold crite-
ria, but none of the cases had cholecystitis. In a cohort of 37
patients with abnormal liver function tests (LFTs), Bhayana
et al. [6] did report 54% showing gallbladder distention and
biliary sludge on right upper quadrant ultrasound, which the
authors of that study took as suggestive of biliary stasis.
Although we could not reliably assess for biliary sludge
on CT, we did see new gallbladder distention in 7.0% of
patients. The discrepancy in terms of prevalence of this find-
ing between our study and theirs may be that many of our
patients were asymptomatic and were scanned as part of
routine re-staging rather than for an abnormality of serum
LFTs. In addition, gallbladder distention could be affected
by fasting status, which could not be accounted for in this
retrospective study.

We did also observe one patient with acute pancreatitis in
our cohort, a finding that has also been reported in associa-
tion with COVID-19 infection in rare instances [5, 11]. Our
cohort also found a new single case of portal vein thrombo-
sis. Increased prevalence of venous and arterial thrombotic
events in the abdomen and pelvis in patients with COVID-19
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Fig.7 A 67-year-old female
with intrahepatic cholangiocar-
cinoma and new thrombosis of
a branch of the right portal vein
(a, arrow). A CT from 2 months
prior shows no thrombus (b,
arrow)

Fig.8 A 71-year-old male with
lung cancer and COVID-19.
Axial and sagittal CT images
show new fluid-filled ascending
(a, arrow) and rectosigmoid (b,
arrows) colon

has been reported (34, 35). However, in our single case, it is
difficult to establish a cause and effect relationship between
the virus and the portal vein thrombosis, which was seen in
the presence of worsening hepatic metastases from intrahe-
patic cholangiocarcinoma.

Although our study provides added value to the literature,
specifically by evaluating new CT findings in a fairly large
cohort of patients with SARS-CoV-2 infection, it also has
its limitations. First, it is a retrospective study and we are
thus reliant on the existing medical records to extract clinical
information documented by treating providers. Second, it
encompasses patients from a single tertiary academic can-
cer center that may not be representative of the population
of COVID-19 patients at large. Because our patients are all
derived from the oncologic population, they may have other
reasons (i.e., medications, malignancy) that contribute to
imaging abnormalities observed. Third, we lack pathologic
correlation for the findings we observe on CT, which limits
our ability to draw conclusive cause and effect relationships
between the viral infection and imaging abnormalities.

In summary, aside from ground glass opacities in the
lung bases, the most common abnormalities seen on
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abdominopelvic CT in patients with confirmed COVID-19
infection in our cohort involved thickening or fluid-filled
hollow viscera, seen in 22.2%. This was slightly less preva-
lent than in some previously published studies, which may
be attributed to the fact that many of our patients were
asymptomatic and were scanned as part of their routine can-
cer care. Less common findings, such as gallbladder disten-
tion, new small volume ascites, pancreatitis, and portal vein
thrombosis, were also seen in rare instances, but it is not
clear whether a causal relationship exists.

Conclusion

Aside from lung base ground glass opacities, the most com-
mon new imaging abnormality on abdominopelvic CT in
patients with acute SARS-CoV-2 infection in our cohort was
features of gastric or bowel thickening, followed by small
volume ascites, gallbladder distention, and isolated cases
of pancreatitis and portal vein thrombosis. These new find-
ings overlap with those previously reported that did not have
prior imaging for comparison, thus supporting the notion
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that there may be a relationship between SARS-CoV-2 infec-
tion and these new abnormal imaging findings. Familiarity
with these findings is useful for emergency radiologists, as
they may be the first to encounter patients with SARS-CoV-2
infection. Further high-quality investigation into the abdomi-
nal manifestations of COVID-19 may be warranted.
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