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PURPOSE

To evaluate the frequency of abdominal computed tomography (CT) findings in patients with coronavirus disease-2019 (COVID-19) and interrogate the
relationship between abdominal CT findings and patient demographic features, clinical findings, and laboratory test results as well as the CT atheroscle-
rosis score in the abdominal aorta.

METHODS

This study was designed as a multicenter retrospective study. The abdominal CT findings of 1.181 patients with positive abdominal symptoms from 26
tertiary medical centers with a positive polymerase chain-reaction test for severe acute respiratory syndrome coronavirus 2 were reviewed. The frequency
of ischemic and non-ischemic CT findings as well as the association between CT findings, clinical features, and abdominal aortic calcific atherosclerosis
score (AA-CAS) were recorded.

RESULTS

Ischemic and non-ischemic abdominal CT findings were detected in 240 (20.3%) and 328 (27.7%) patients, respectively. In 147 patients (12.4%), intra-ab-
dominal malignancy was present. The most frequent ischemic abdominal CT findings were bowel wall thickening (n = 120; 10.2%) and perivascular infil-
tration (n =40; 3.4%). As for non-ischemic findings, colitis (n =91; 7.7%) and small bowel inflammation (n = 73; 6.2%) constituted the most frequent disease
processes. The duration of hospital stay was found to be higher in patients with abdominal CT findings than in patients without any positive findings (13.8
+ 13 vs. 10.4 + 12.8 days, P < 0.001). The frequency of abdominal CT findings was significantly higher in patients who did not survive the infection than
in patients who were discharged after recovery (41.7% vs. 27.4%, P < 0.001). Increased AA-CAS was found to be associated with a higher risk of ischemic

conditions in abdominal CT examinations.

CONCLUSION

Abdominal symptoms in patients with COVID-19 are usually associated with positive CT findings. The presence of ischemic findings on CT correlates with
poor COVID-19 outcomes. A high AA-CAS is associated with abdominal ischemic findings in patients with COVID-19.
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ince the first appearance of severe acute

respiratory  syndrome-coronavirus 2

(SARS-CoV-2) toward the end of 2019,
global scientific interest in the clinical prog-
ress and course of patients with this infection
has grown rapidly. The disease is typically
characterized by pneumonia and severe re-
spiratory distress. Imaging features, both typ-
ical and atypical, of coronavirus disease-2019
(COVID-19) pneumonia have been described
in detail in several papers.”? Cough, short-
ness of breath, fever, myalgia, and general-
ized fatigue have been frequently observed
as the dominant clinical features of infection.

* The coronavirus disease-2019 (COVID-19)
virus may give rise to a wide variety of isch-
emic and non-ischemic abnormalities in the
abdomen.

* Patients with COVID-19 and abdominal
computed tomography (CT) findings had
a longer hospital stay and higher mortality
rate than patients without positive findings.

* The detection of positive abdominal CT
findings reveals a positive correlation with
extended hospital stay and increased mor-
tality.

* Patients with an active COVID-19 infection
and high abdominal aortic calcific athero-
sclerosis score appear to demonstrate more
ischemic findings in CT.

However, with the relentless spread of the
disease and rapid increase in the number of
patients worldwide, the abdominal, cardiac,
neurologic, and musculoskeletal symptoms
of these patients have also become clinically
recognized.>® With all these newly detected
symptoms, the medical community identi-
fied the multisystemic disease underlying
the virus, even in the relatively early stages
of the pandemic.

The multisystemic nature of the COVID-19
virus is mostly attributed to its ability to at-
tach to angiotensin-converting enzyme 2
(ACE-2) receptors in the body. Since ACE-2 re-
ceptors are widely disseminated in the body,
including in the lungs, vascular endothelium,
small intestine, colon, spleen, liver, and kid-
ney, the systemic dissemination of the virus
appears to be inevitable.” The virus may ex-
ert both cytotoxic and thrombotic effects on
the abdominal vascular endothelium, caus-
ing widespread vascular dysfunction in the
abdomen. Thromboembolism in the abdom-
inal aorta or its branches may occur as early
as 12-13 days after the start of the infection.?

Since the start of the pandemic, the ab-
dominal manifestations of COVID-19 have
been described in detail in several excellent
papers.®'" However, there is still a gap that
needs to be investigated in assessing the
relationship between abdominal imaging
findings and disease outcomes. In this study,

we aimed to investigate the frequency of
abdominal computed tomography (CT) find-
ings in patients with symptomatic COVID-19
and outline the association between abdom-
inal CT findings and patients’ clinical prog-
ress and outcomes.

Methods

This multicenter retrospective study was
conducted in compliance with the Health
Insurance Portability and Accountability Act
and the Declaration of Helsinki. Approvals
were obtained from both the local institu-
tional board and the board of the Ministry
of Health. Informed consent was waived due
to the retrospective nature of the study (Er-
zincan Binali Yildirim University Ethics Com-
mittee 04/01, Health Ministry of Turkey Ethics
Committee 2021-02-23T11_43_57).

Patients: Cohort selection

After reviewing the electronic and written
medical charts of the contributing centers,
a total of 1.564 patients who had confirmed
COVID-19 infection and abdominal symp-
toms and who had undergone abdominal CT
between April and December 2020 were as-
sessed as eligible for this study. The inclusion
criteria of the study were as follows: adult
patients (>18 years) with a positive real-time
reverse transcriptase-polymerase chain-re-
action (RT-PCR) test result using throat swabs
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for COVID-19 who had undergone abdomi-
nal CT studies for various clinical symptoms
within 15 days following the positive PCR
test. The exclusion criteria were as follows:
patients who had undergone abdominal CT
15 days before or after the PCR test; patients
who tested as COVID-19 (+) when they were
hospitalized following an investigation into
abdominal pathologies; patients with insuf-
ficient anamnesis and symptom history and
with poor CT image quality; patients <18
years; and patients with no positive PCR test.
In total, 1.181 adult patients from 26 tertiary
medical centers were enrolled in this study
(Figure 1).

Clinical data collection

Patient electronic medical records were
used to obtain the following data: (1) de-
mographic characteristics of patients (age,
sex, smoking habit, and comorbidities); (2)
clinical information including the date of the
COVID-19 diagnosis; (3) abdominal symp-
toms including diarrhea, anorexia, nausea,
vomiting, epigastric pain, upper gastrointes-
tinal (GI) bleeding, (4) duration of hospital
stay, and disease outcome; and (5) laboratory
results [PCR and liver function tests such as
aspartate transaminase (AST), alanine trans-
aminase (ALT), indirect and direct bilirubin,
and D-dimer values]. The COVID-19 period
was assessed in terms of days in the hospi-
tal and disease outcome (recovery or death).
Comorbidities were defined as diabetes mel-
litus (DM), hypertension (HT), heart failure
(HF), chronic renal failure (CRF), and intra-ab-
dominal malignancy.

Computed tomography image acquisition

Abdominal CT scans of patients were
performed without (n = 436, 36.9%) and
with (n = 745, 63.1%) intravenous (V) con-
trast administration. Contrast-enhanced CT
studies were multiphasic in 116 (9.3%) pa-
tients. The scanned area was between the
dome of the diaphragm and the ischial tu-
berosity. Contrast-enhanced single-phase
CT scans were obtained through the ac-
quisition of abdominopelvic images in the
portal venous phase after an IV injection
of 80-120 mL of iodinated contrast media
(300-350 mg of iodine per mL) with a flow
rate of 3-5 mL/sec. The IV contrast injection
was followed by a 40 mL saline chaser at the
same injection rate as the IV contrast. All CT
studies were conducted using various multi-
detector CT scanners from different vendors
(16-392 detector rows). The CT acquisition
parameters varied within a narrow range
in accordance with the local institutional
protocols: tube voltage: 100-130 kV, tube
current: automatic tube current modulation
used, collimation thickness: 0.5-2 mm, tube
rotation time: 0.5-1 s. Reconstructions were
applied to obtain axial images with a sec-
tion thickness of 2-5 mm and coronal and
sagittal images with a section thickness of 3
mm. Multiphasic CT images were obtained
using the same CT acquisition parameters
as well as an unenhanced phase, and con-
trast-enhanced images were obtained at
arterial and venous phases.

COVID-19 patients with abdominal symptoms and underwent

abdominal CT
n=1564

Abdominal CT was performed 15 days
before or after PCR test (n = 186)

Computed tomography data collection and
image analysis

All the evaluated abdominal CT scans
were performed within 15 days of confirma-
tion of COVID-19 and were interpreted by ra-
diologists experienced in abdominal radiol-
ogy. Initially, the dates of the CT scans and
information about the IV contrast administra-
tion as well as the CT study phases were re-
corded. Abdominal CT scans were reviewed
to detect the presence and frequency of
positive ischemic and non-ischemic findings.
Positive findings for an ischemic abdominal
process were defined as follows: acute mes-
enteric artery embolism, acute thrombosis of
the superior mesenteric vein, non-occlusive
mesenteric ischemia (NOMI), perivascular in-
filtration, bowel wall thickening (single-wall
thickness >3 mm in distended loops and >5
mm in collapsed loops), pneumatosis intes-
tinalis, bowel wall necrosis, gas in the portal
venous system, hollow viscus perforation,
and renal ischemia.

Non-ischemic abdominal CT findings
included small and large bowel inflamma-
tion, acute pyelonephritis, acute cholecys-
titis, acute pancreatitis, acute diverticulitis,
acute appendicitis, bowel obstruction, and
intra-abdominal malignancy.

To investigate the relationship between
the severity of atherosclerotic changes in the
abdominal aorta and abdominal CT findings,
the atherosclerosis score of the abdominal
aorta was determined through a quantita-
tive assessment of calcific atheroma plaques
in the abdominal aorta. The final scores were
designated as the abdominal aortic calcific

history data (n = 63)

Insufficient anamnesis and symptom

Patients hospitalized due to investigation of
| abdominal pathologies and became COVID-19 (+) in
the hospital (n = 60)

— | Insufficient CT image quality (n = 25) ‘

Patients < 18 years-old (n=2)

Patients without positive PCR test (n = 47)

Number of patients included in the study
(n=1181)

Figure 1. Flowchart of patient selection for the study cohorts. CT, computed tomography; COVID-19, coronavirus disease-2019; PCR, polymerase chain-reaction.
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atherosclerosis score (AA-CAS). The AA-CAS
was calculated according to a method de-
scribed in previous reports (Figure 2)."2 The
measurements were taken from the aortic
wall at a level between the L1 and L4 verte-
bral bodies. On the sagittal CT images, the
affected abdominal aorta length with recip-
rocal vertebra was scored between 0 and 3 as
0 (no calcification), 1 (1/3 of vertebral length
affected), 2 (2/3 of vertebral length affected),
and 3 (whole vertebral length affected). An
axial CT image of the abdominal aorta at
each vertebral level was divided into four
quadrants. The total area of the abdominal
aorta circle affected by calcific plaques was
classified as 1, 2, 3, and 4. For each level, a
single-level score was determined by mul-
tiplying the scores measured in axial and
sagittal image planes. The AA-CAS for each
vertebral level ranged from 0 to 12, with a
minimum of 0 and a maximum score of 48.
The final AA-CAS was concluded as the sum
of the AA-CAS from each lumbar vertebral
level.

Sagittal Plane
z
Bl .

Axial Plane

Statistical analysis

All study data were collected from the
contributing centers and combined into
a single data sheet. Categorical data were
presented as numbers (percentages), with
continuous variables with normal distribu-
tion expressed as mean + standard deviation
and continuous variables with non-normal
distribution as median and 95% confidence
interval (95% Cl). Categorical data were
compared using Pearson’s chi-square test or
Fisher's exact test, and continuous variables
were compared using the Student’s t-test or
Mann-Whitney U test, depending on the dis-
tribution of data. A two-tailed P value <0.05
was considered statistically significant. The
significance level was established as a = 0.05.
All statistical analyses were performed using
SPSS v22.0 software.

Results

Patient characteristics

The study included 1.181 patients (male/
female: 632/549) with a mean age of 61.6 +

Score for Each Level

1 1X1=1

2 2X2=4

3X4=12

0 0X0=0

Figure 2. Abdominal aorta calcification score measurement method in the abdominal aorta.

17.4 years, ranging from 18 to 97 years. Of all
the patients, 274 (23.2%) were smokers, and
597 (50.5%) were non-smokers. Smoking his-
tory was obtained from 310 (26.3%) patients.
The most common comorbidities of patients
were as follows: HT (n = 483, 40.89%), DM
(n =338, 28.6%), HF (n = 129, 10.92%), CRF
(n =78, 6.6%), a combination of comorbidi-
ties including DM, HT, HF, and CRF (n = 306,
25.91%), and intra-abdominal malignancy
(n =147, 12.4%). The most frequent symp-
toms were as follows: epigastric pain (33.3%),
nausea (31.2%), vomiting (23.8%), diarrhea
(11.9%), and upper Gl bleeding (2.6%). The
median duration of hospital stay was 8 days
(0-142 days). The median and 95% Cl of the
median for AST, ALT, D-dimer, and the direct
and indirect bilirubin levels of the cohort
was 30 U/L (29-31), 24 U/L (22-25), 1.03
(0.96-1.10), 0.21 mg/dL (0.20-0.23), and 0.38
mg/dl (0.36-0.40), respectively. A total of
874 patients (74%) were discharged follow-
ing recovery, whereas 268 patients (22.7%)
died secondary to COVID-19 infection. The
disease outcome could not be determined
from electronic medical charts in 39 (3.3%)
patients.

Computed tomography findings

The ischemic and non-ischemic abdom-
inal CT findings detected after a review of
CT scans are summarized in Table 1 (Figure
3). The frequency of overall ischemic and
non-ischemic CT findings was 20.3% (n =
240) and 27.7% (n = 328), respectively. The
most frequent ischemic abdominal CT find-
ings were bowel wall thickening (n = 120,
10.2%) (Figure 4) and perivascular infiltration
(n = 40, 3.4%) (Figure 5), whereas the most
frequent non-ischemic abdominal CT find-
ings were large bowel inflammation, with a
frequency of 7.7% (n = 91), and small bowel
inflammation, with a frequency of 6.2% (n =

Table 1. Ischemic and non-ischemic abdominal computed tomography findings in patients with COVID-19

Ischemic abdominal CT findings n (%) Non-ischemic abdominal CT findings n (%)
Acute superior mesenteric artery embolism 10 (0.8) Small bowel inflammation 73 (6.2)
Acute mesenteric vein thrombosis 6 (0.5) Large bowel inflammation 91(7.7)
NOMI 8(0.7) Intestinal obstruction 42 (3.5)
Bowel wall thickening 120(10.2) Acute cholecystitis 36 (3.04)
Perivascular infiltration 40 (3.4) Acute pancreatitis 38 (3.21)
Pneumatosis intestinalis 12(1) Acute diverticulitis 8(0.67)
Portal venous gas 9(0.8) Acute appendicitis 18(1.5)
Intestinal necrosis 8(0.7) Acute pyelonephritis 22(1.9)
Hollow viscus perforation 17 (1.4) Intra-abdominal malignancy 147 (12.4)
Renal ischemia 10(0.8) - -

Total 240 = 475

NOMI, non-occlusive mesenteric ischemia; CT, computed tomography; COVID-19, coronavirus disease-2019.
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73). The mean AA-CAS was calculated as 10.6
+ 12.1 (ranging from 0 to 48).

No significant difference in sex distribu-
tion was detected in relation to the pres-
ence of abdominal CT findings and AA-CAS.

Overall abdominal CT findings was not sig-
nificantly different between smokers and
non-smokers (P = 0.49). The most common
underlying comorbidity related to positive
abdominal CT findings was HT (40.89%),
and a significant association was found be-

Figure 3. Axial unenhanced computed tomography image demonstrating a diffusely swollen pancreas
and peripancreatic fat inflammation (arrows) consistent with edematous pancreatitis in a 65-year-old male
patient with coronavirus disease-2019 who presented with abdominal pain.

-~

tween the presenting symptoms of diarrhea,
anorexia, nausea, vomiting, epigastric pain,
and upper Gl bleeding and the presence of
abdominal CT findings. The associations be-
tween each abdominal symptom and the
presence of abdominal CT findings are sum-
marized in Table 2. A significant association
was identified between all the presenting
symptoms and the presence of abdominal
CT findings. The investigation into the re-
lationship between abdominal symptoms
and ischemic CT findings revealed that pa-
tients with diarrhea (P = 0.001) and nausea
(P = 0.027) had significantly greater bowel
wall thickening than patients without these
symptoms. Mesenteric vein thrombosis
P = 0.031) (Figure 6), perivascular infiltra-
tion (P = 0.008), bowel wall thickening (P <
0.001), pneumatosis intestinalis (P = 0.002),
and portal venous gas (P < 0.001) were found
to be significantly more frequent in patients
with anorexia, and patients with vomiting
were significantly more prone to present
with the ischemic findings of bowel wall
thickening (P = 0.010), portal venous gas
(P = 0.025), and renal ischemia (P = 0.008)

Figure 4. A 39-year-old woman with coronavirus disease-2019 presented with abdominal pain. Axial (a) and coronal (b) computed tomography images
demonstrating the thickening of the ascending colon wall (arrows).

Figure 5. Axial (a) and coronal (b) contrast-enhanced computed tomography images of a 70-year-old female patient with coronavirus disease-2019 revealing
perivascular infiltration, mesenteric stranding (arrows), and bowel dilatation, which indicates bowel ischemia. The patient underwent segmental bowel resection
surgery because of the progressive deterioration in her clinical status.
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Table 2. Association between abdominal symptoms and abdominal computed tomography findings of patients

Symptoms Presence of abdominal CT finding n (%) P
Diarrhea

(+) 54/131 (41.2) 0.005
(=) 306/1.050 (29.1)

Anorexia

(+) 96/192 (50) <0.001
(=) 264/989 (26.7)

Nausea

(+) 145/368 (39.4) <0.001
(=) 215/813 (26.4)

Vomiting

(+) 120/281 (42.7) <0.001
(=) 240/900 (26.7)

Epigastric pain

(+) 174/393 (44.3) <0.001
(=) 186/788 (23.6)

Upper Gl bleeding

(+) 17/31 (54.8) 0.003
(=) 343/1.150 (29.8)

CT, computed tomography; G, gastrointestinal.

Figure 6. Acute superior mesenteric vein thrombosis. A 74-year-old woman with acute myeloid leukemia who presented with shortness of breath, abdominal
pain, and diarrhea was diagnosed with coronavirus disease-2019. Axial contrast-enhanced abdominal computed tomography (CT) images (a, b) obtained 1 month
before hospital admission reveal patent abdominal aorta and right portal vein. Axial arterial phase contrast-enhanced CT image obtained on hospital admission (c)
demonstrating an acute thrombus in the abdominal aorta (arrow). Axial portal venous phase contrast-enhanced CT image (d) reveals an acute thrombus in the right
portal vein (arrow). Axial chest CT image (e) demonstrating bilateral ground-glass opacities in both lungs. Coronal-reformatted abdominal CT image (f) showing an
acute thrombus in the superior mesenteric vein (arrow). Note the bowel wall thickening of the ascending colon (arrowhead) and ascites.
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Figure 7. Renal infarct. (a) Axial chest computed tomography (CT) image showing bilateral ground-glass density and consolidations (arrows) in the peripheral
portions of the lungs. Axial (b) and coronal (c) CT images reveal focal unenhanced areas (arrowheads) in the renal parenchyma, representing renal infarcts.

Figure 8. Acute superior mesenteric artery embolism. Sagittal (a), oblique reformatted (b), and axial (c)
computed tomography (CT) images of a 61-year-old woman with sudden onset abdominal pain 6 days
after the diagnosis of coronavirus disease-2019, revealing a hypodense filling defect (arrows) in the superior
mesenteric artery lumen. Axial CT image (d) of the same patient at the pelvic level revealing hypo-enhancing
segments of the ileum wall (arrows) and free intra-abdominal gas (arrowheads) behind the uterus (u),
suggesting bowel wall ischemia and resultant perforation.
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(Figure 7). Epigastric pain was significantly
related to perivascular infiltration (P=0.001),
bowel wall thickening (P < 0.001), pneuma-
tosis intestinalis (P = 0.012), portal venous
gas (P < 0.001), hollow viscus perforation (P
= 0.024), and renal ischemia (P = 0.005). Up-
per Gl bleeding was found to be significantly
related to perivascular infiltration (P = 0.003).

The association between the laborato-
ry test results and abdominal CT findings is
summarized in Supplementary Table 1. Liver
function tests and D-dimer values were in-
creased synchronously only in patients with
acute mesenteric artery embolism (Figure
8), and D-dimer values were significantly
increased in patients with the ischemic CT
findings of perivascular infiltration, pneu-
matosis intestinalis, and bowel wall necrosis
and non-ischemic CT findings of acute pan-
creatitis, diverticulitis, and appendicitis. No
specific laboratory test parameters changed
significantly with the ischemic CT findings.

The median and 95% Cl of the median AA-
CAS values in all patients was 5, and AA-
CAS were not significantly different between
sexes (P = 0.399). However, not surprisingly,
smokers had a significantly higher AA-CAS
than non-smokers [11 (1-22) vs. 4 (0-15), P <
0.001]. The AA-CAS was significantly higher
in patients with ischemic abdominal CT find-
ings (n = 143) than in those with non-isch-
emic abdominal CT findings (n = 218) [6
(0-26) vs.4 (0-16), P=0.011]. The association
between the AA-CAS and ischemic abdomi-
nal CT findings is summarized in Table 3. The
AA-CAS were significantly higher in patients
with pneumatosis intestinalis, bowel wall ne-
crosis, portal venous gas, acute cholecystitis,
and acute appendicitis. However, the reliabil-
ity of the statistical tests investigating the
association between the AA-CAS and these
subgroups was not high because of the low
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number of patients in the subgroups, with
the exception of intra-abdominal malignan-

cy.

An association was detected between
the presence of abdominal CT findings and
COVID-19 outcomes. The duration of hospi-
tal stay was higher in patients with abdom-
inal CT findings than in those without any
positive findings (13.8 + 13 vs. 10.4 + 12.8
days, P < 0.001). The frequency of abdom-
inal CT findings was significantly higher in
patients who could not survive the infection
than in patients discharged after recovery
(41.7% vs. 27.4%, P < 0.001). Patients with
NOMI, perivascular infiltration, bowel wall
thickening, pneumatosis intestinalis, bow-
el wall necrosis, portal venous gas, renal
ischemia, small bowel inflammation, coli-
tis, acute appendicitis, and intra-abdomi-
nal malignancy had a significantly higher
death rate than those without these findings
(Table 4).

Discussion

This multicenter study revealed that a
wide range of abdominal CT findings, includ-
ing ischemic and non-ischemic abnormal-
ities, may be encountered in patients with
COVID-19. The most common underlying
comorbidity related to positive abdominal
CT findings was HT. Patients with COVID-19
with diarrhea, anorexia, nausea, vomiting,
epigastric pain, and upper Gl bleeding had
high positive abdominal CT finding rates.
The presence of abdominal CT findings was
related to poor patient outcomes with an in-
creased duration of hospital stay and higher
mortality rate. Patients with a high AA-CAS
had significantly greater ischemic abdominal
CT findings than patients with a low AA-CAS.

The involvement of abdominal viscera
in COVID-19 has been reported previously.
The presence of abdominal symptoms in
COVID-19 is not unexpected because SARS-
CoV-2 ribonucleic acid has been isolated in
the duodenal wall and feces of patients as
well as in wastewater.”® The fecal positivity
rate in COVID-19 infection is reported to be
between 40% and 48%, whereas meta-anal-
yses have demonstrated a prevalence of Gl
symptoms of 4%-12%."*'> In addition to in-
testines, abdominal viscera also seem to be
affected by COVID-19 because of the high
surface expression of the ACE-2 receptor
in vasculature. Besides Gl findings, biliary
tract, abdominal vasculature, and pancreas
involvement with related radiological abnor-
malities have been reported.®'6'8

In our study, we evaluated the abdominal
CT findings as ischemic and non-ischemic
CT findings. The high frequency of ischemic
abdominal findings (20.3%) in this study
was attributed to the abdominal vascular
involvement of COVID-19. Perivascular infil-
tration on CT represents the previously re-
ported perivascular inflammation and peri-
vascular infiltration of T-cells that contribute
to endothelial damage.®' In our study, the
most common ischemic abdominal CT find-
ings in patients with COVID-19 were bowel
wall thickening (10.2%) and perivascular
infiltration (3.4%), representing well-known
non-specific CT findings in ischemic bow-
el disease. Bowel wall thickening has been
highlighted as the most common CT finding
in patients with COVID-19 with acute ab-
dominal pain.? Perivascular infiltration, the
second most commonly detected abdominal
CT finding in our study, may represent endo-
thelial damage in COVID-19 resulting from
direct viral effects as well as perivascular in-
flammation.?' Due to its common presence
in patients with COVID-19 and abdominal
symptoms in our study, perivascular infil-
tration should alert radiologists to ischemic
bowel disease when reviewing abdominal
CT scans in these patients. In the non-isch-
emic group, large bowel inflammation (7.7%)
and small bowel inflammation (6.2%) con-
stituted the most frequent imaging finding
except intra-abdominal malignancy. These
results are consistent with previous reports
that noted bowel wall thickening as the
most common CT feature in patients with
COVID-19 presenting with abdominal pain.’?
Kidneys are the second most commonly tar-
geted abdominal organ regarding ischemic
events in COVID-19. Endothelial damage
and the resulting occlusion in the microvas-
culature of the renal parenchyma have been
demonstrated in the postmortem renal his-
topathologic analysis of patients who died
from COVID-19.2 Renal parenchymal perfu-
sion defects have also been identified in du-
al-energy CT scans.? For all these reasons, we
paid special attention to kidneys when eval-
uating ischemic abdominal abnormalities. In
addition to other examinations, we investi-
gated the association between comorbidi-
ties and abdominal CT findings. Although it
was impossible to verify a direct association
between comorbidity subgroups and the
overall CT findings, we noticed that HT was
the comorbidity most commonly associated
with abdominal CT findings. This finding may
be related to HT being the most frequently
observed comorbid disease since the begin-
ning of the pandemic.

The most frequent respiratory symptoms
in patients with COVID-19 are sore throat,
shortness of breath, and cough. However,
medical practitioners must also be vigilant to
check for symptoms related to other organs.
The presence of these symptoms in patients
with COVID-19 should alert clinicians to the
potential involvement of abdominal organs.
Each abdominal symptom included in our
study was found to be significantly asso-
ciated with the presence of abdominal CT
findings, which emphasizes the importance
of increased vigilance toward the abdominal
symptoms of COVID-19.

In our study, we also investigated the as-
sociation between each abdominal symp-
tom and the CT findings. The results revealed
that abdominal symptoms may be associat-
ed with a wide range of CT findings, limiting
the prediction of specific abdominal abnor-
malities to abdominal symptoms only. Al-
though an association between abdominal
symptoms and the presence of abdominal
CT findings was found in our study, previ-
ous reports noted that fluid-filled colon and
bowel wall thickening might be detected on
CT in two-thirds of patients with COVID-19
who reported no abdominal symptoms.’
Other reports have highlighted the absence
of any CT findings in patients with COVID-19
with acute abdominal pain.?* The discrepan-
cy between our results and those of some
other reports may be due to a lack of stan-
dardization in the severity of symptoms.

When reviewing the CT images of pa-
tients, laboratory test results should be con-
sidered. Therefore, in our study, we investi-
gated the laboratory test results of patients
and their potential association with the ab-
dominal CT findings. Elevated liver function
tests are a common finding in the course of
COVID-19.8%52 |n this study, no specific labo-
ratory test was found to predict ischemic ab-
dominal CT findings. Acute mesenteric artery
embolism was the only clinical entity in pa-
tients with COVID-19 that was synchronous-
ly elevated by liver enzymes. The D-dimer
value, which was identified in previous re-
ports as a helpful indicator for ischemic and
thromboembolic changes in patients with
COVID-19, was not detected as a specific lab-
oratory test for ischemic abdominal changes
in our study because a significant increase in
D-dimer values was detected in both isch-
emic (perivascular infiltration, pneumatosis
intestinalis, and bowel wall necrosis) and
non-ischemic CT findings, including acute
pancreatitis, diverticulitis, and appendicitis.’
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Table 3. Association between abdominal aorta calcification score and abdominal computed tomography finding subgroups

Abdominal CT findings Median AA-CAS P
(95% Cl for median)

Acute mesenteric artery embolism

(+) 22 (0-41.7) 0.153
(=) 5 (4-6)

Acute mesenteric vein thrombosis

(+) 0(0-29.4) 0.109
() 5 (4-6)

Non-occlusive mesenteric ischemia

(+) 6.5 (3-11.5) 0.505
(=) 4 (4-6)

Perivascular infiltration

(+) 4.5 (2.3-10) 0.858
(=) 5 (4-6)

Bowel wall thickening

(+) 5(3-10) 0.506
(=) 5 (4-6)

Pneumatosis intestinalis

(+) 32(9.3-44.4) <0.001
() 5 (4-6)

Bowel wall necrosis

(+) 20 (4-45.5) 0.013
(=) 5 (4-6)

Portal venous gas

(+) 31(13.3-45.8) <0.001
) 5 (4-6)

Perforation

(+) 3(0-19.8) 0.629
(=) 5(4-7)

Renal ischemia

(+) 14.5 (0.95-45.1) 0.099
=) 4 (4-6)

Small bowel inflammation

(+) 4(2-8.3) 0.568
) 5(5-6.1

Colitis

(+) 6(3-10) 0.726
(=) 5 (4-6)

Acute pyelonephritis

(+) 16.5 (0-32.1) 0.160
(=) 5 (4-6)

Acute cholecystitis

(+) 13 (8.6-19.3) 0.013
(=) 5(3-6)

Acute pancreatitis

(+) 8.5 (1-14) 0.869
(=) 5 (4-6)

Acute diverticulitis

(+) 9 (0-23.9) 0.941
() 5 (4-6)

Acute appendicitis
(+) 0(0-1) <0.001
() 5(5

Bowel obstruction
(+)

il 5(3-10) 0.756
5 (4-6)

Intra-abdominal malignancy

(+) 4(2.1-6) 0.079

(=) 5(4-7)

AA-CAS, abdominal aorta calcification score; CT, computed tomography; Cl, confidence interval.
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Table 4. Association between abdominal computed tomography findings and outcomes of patients with COVID-19

Abdominal CT finding

Acute mesenteric artery embolism

(+)
)

Acute mesenteric vein thrombosis

(+)
)

Non-occlusive mesenteric ischemia

(+)

=)

Perivascular infiltration
(+)

=)

Bowel wall thickening
(+)

=)

Pneumatosis intestinalis
(+)

)

Intestinal necrosis
(+)

)

Portal venous gas

(+)

)

Perforation

+)

)

Renal ischemia

(+)

=)

Small bowel inflammation
(+)

=)

Colitis

(+)

=)

Pyelonephritis

(+)

=)

Acute cholecystitis
(+)

=)

Acute pancreatitis
(+)

=)

Acute diverticulitis
(+)

=)

Acute appendicitis
(+)

=)

Intestinal obstruction
(+)

=)

Intra-abdominal malignancy
(+)

=)

Overall CT finding

(+)

)

Incidence of death n (%)

4/10 (40)
221/985 (22.4)

1/6 (16.7)
223/1.014 (22)

16/38 (42.1)
233/1.063 (21.9)

19/40 (47.5)
242/1.087 (22.3)

48/120 (40)
219/1.059 (20.7)

11/12(91.7)
255/1.165 (21.9)

8/8 (100)
256/1.159 (22.1)

7/9(77.8)
260/1.171 (22.2)

6/17 (35.3)
262/1.164 (22.5)

6/10 (60)
236/1.087 (21.7)

26/73 (35.6)
242/1.108 (21.8)

39/91 (42.9)
229/1.089 (21)

6/22 (27.3)
257/1.146 (22.4)

11/36 (30.6)
257/1.145 (22.4)

13/38 (34.2)
255/1.142 (22.3)

1/8 (12.5)
267/1.173 (22.8)

51/147 (34.7)
217/1.034 (21)

13/42 (31)
255/1.139 (22.4)

51/147 (34.7)
217/1.034 (21)

112/360 (31.1)
156/821 (19)

0.030*

0.007*

<0.001*

<0.001*

<0.001*

0.008*

0.345*

0.042*

0.039*

<0.001*

0.674*

0.378*

0.191*

'I**

0.005*

0.316*

0.005*

<0.001*

Pearson’s chi-square test* or Fisher’s exact test ** were used. CT, computed tomography; COVID-19, coronavirus disease-2019.
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In our study, we categorized CT find-
ings into ischemic and non-ischemic sub-
groups because it has been established that
thrombophilia is induced in COVID-19, with
resulting micro and macrovascular compli-
cations.” The presence of abdominal CT find-
ings in patients with COVID-19 was found to
be associated with poorer disease outcomes.
We found that NOMI, perivascular infiltra-
tion, bowel wall thickening, pneumatosis in-
testinalis, bowel wall necrosis, portal venous
gas, renal ischemia, small and large bowel
inflammation, acute appendicitis, and in-
tra-abdominal malignancy were significant-
ly associated with mortality in patients with
COVID-19. Our results indicate that ischemic
CT findings in patients with COVID-19 are re-
lated to unfavorable clinical outcomes. Intes-
tinal pneumatosis suggests severe intestinal
ischemia, which may be because COVID-19
is associated with coagulopathy.” Pneuma-
tosis intestinalis has also been reported in
patients with viral enteritis.®

Since the beginning of the pandemic,
vascular involvement and subsequent vas-
cular abnormalities have been attributed to
the tropism of SARS-CoV-2 to the vascular
system.? In this study, we also investigat-
ed whether patients with chronic vascular
disease might be more vulnerable to vessel
involvement during COVID-19. To test this
hypothesis, we used the AA-CAS, which rep-
resents calcific atherosclerotic changesin the
abdominal aorta, asa parameter.We assumed
that the AA-CAS may also reflect the athero-
sclerotic disease burden in the abdominal
visceral vessels. The AA-CAS measurement in
this multicenter study was performed using
a previously defined method, and the posi-
tive correlation between AA-CAS, age, and
smoking suggested that the AA-CAS mea-
surement in different centers in this multi-
center study was conducted using the same
approach, yielding similar results in patients
with the same atherosclerotic changes in the
abdominal aorta. A significantly higher AA-
CAS in the ischemic abdominal CT finding
group than in the non-ischemic group in our
study suggests that patients with COVID-19
with a high AA-CAS are more likely to have
a greater number of ischemic complications
related to the disease.

The presence of abdominal CT findings
in patients with COVID-19 was found to be
related to poor outcomes and a significant-
ly increased duration of hospital stay and
mortality rate. The ischemic and non-isch-
emic abdominal CT findings revealed in this
study represent serious clinical entities such
as bowel ischemia, hollow viscus perforation,

inflammation, and renal ischemia, which can
potentially extend a patient’s hospital stay
and increase the risk of death. The absence
of a significant association with severe ab-
dominal CT findings such as mesenteric ar-
tery embolism (n = 4) and mesenteric vein
thrombosis (n = 1) in our study was attribut-
ed to the low number of patients in these
groups, which limited the predictability of
statistical tests. Investigations into the effect
of abdominal involvement on COVID-19 out-
comes indicated that patients with COVID-19
with Gl symptoms tended to have a relatively
long course between symptom onset and vi-
ral clearance. They also required longer med-
ical care and hospital stay than patients with
respiratory symptoms only.?*3

Our study has several limitations. First, it
is a retrospective multicenter study, and ex-
tracted medical records of patients from dif-
ferent centers, including clinical information,
which may vary in terms of institutional treat-
ment approaches. Despite this limitation, our
study’s multicenter design may be more rep-
resentative of the general patient population
than that of single-center studies. Second,
the majority of CT findings were not veri-
fied using traditional gold standards such
as surgical or pathological correlation. The
relationship between abdominal CT findings
and COVID-19 should be assessed with cau-
tion because Gl involvement in the virus, in
particular, depends on a theory suggesting
that the virus enters the Gl walls through the
ACE-2 receptors. An assessment of abdomi-
nal CT images in 26 different medical centers
increases heterogeneity in the evaluation of
CT findings because of radiologists’ different
opinions on the same findings. To overcome
this limitation, the CT assessment criteria in
the abdominal CT findings, such as intesti-
nal wall thickening and perivascular infiltra-
tion, were well defined and were relayed to
the contributors at the initial phase of the
study. Third, most studies have investigated
the presence of ground-glass opacities at
the base of the lungs as an ancillary finding
in patients with COVID-19.” In our study, we
did not assess this finding. Finally, although
fecal COVID-19 testing to confirm Gl involve-
ment is not a standard clinical approach, the
absence of fecal COVID-19 testing in our co-
hort may be another limitation that is worth
mentioning.

In conclusion, ischemic and non-ischemic
abdominal CT findings may be encountered
in patients with COVID-19. The presence of
abdominal CT findings is related to a long
hospital stay and unfavorable clinical out-
comes. Moreover, infected patients with a
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high AA-CAS are more likely to have ischemic
abdominal findings.
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Supplementary Table 1. Table showing differences in age and laboratory tests according to specific CT findings in study cohort

Age £ SD Median AST Median ALT (95% D. bilirubin 95% 1. bilirubin D-dimer (95% Cl for
(95% Cl for Cl for median) Cl for median) (95% Cl for median)
median) median)

Acute mesenteric artery
embolism
Present (n = 10) 61.60 + 24.09 67.5(21.9-183.6) 94 (25.5-163.9) 1.67 (0.3-8.67) 1.55 (0.46-3.59) 33.5(6.9-3491.9)
Iy __1009) 61.20+17.46 30 (29-32) 24 (22-25.1) 0.21(0.20-0.23) 0.39 (0.36-0.40) 159.5 (99.3-254.3)
p - 0.739 0.045* 0.004* 0.001* 0.002* 0,505
Acute mesenteric vein
thrombus
Seseih=a) 57.83 £15.51 93 (15.4-247.1) 39.5(18.3-240.6) 1(1-1) 0.24 (0.16-0.30) 4440 (7-1231.9)
I __1014) 61.21+17.55 30 (29-32) 24 (23-26) 0.21 (0.20-0.23) 0.39 (0.36-0.40) 156.5 (89.3-250.3)
p - 0.563 0.079 0.091 0.007* <0.001* 0.557
Non-occlusive mesenteric
'Ff‘rcezzr:t'a(‘n 5 7050+1582  32(27-48.7) 30(20.3-36.8) 0.30(0.22-060)  0.60(0.42-0.85) 420 (19.9-1253.1)
A __ 1093) 61.39+17.54 30 (29-31) 24 (22-25) 0.20 (0.20-0.23) 0.38 (0.35-0.40) 170.5 (115.3-290.4)
p - 0.114 0.222 0.455 0.035* <0.001* 0.148
Perivascular infiltration
Present (n = 40) 59.52 +18.25 34 (28.3-52.7) 27 (17.9-35.7) 0.30(0.22-0.57) 0.62 (0.40-1) 793 (94.5-1429.1)
Absent (n = 1087) 61.59 +17.55 30 (29-31) 24 (22.4-25) 0.21 (0.20-0.23) 0.38 (0.36-0.40) 168.3 (112.3-277.7)
P 0.451 0.102 0.976 0.057 <0.001* 0.023*
Bowel wall thickening
Present (n = 120) 60.53 +18.76 31(28.3-37.6) 24 (19-30) 0.25(0.19-0.37) 0.48 (0.42-0.54) 243.5 (22.7-604.5)
Absent (n = 1059) 61.68+17.29 30 (28-31) 24 (22-25) 0.21 (0.20-0.23) 0.36 (0.34-0.39) 254 (167-379)
P 0.649 0.370 0.518 0.032* <0.001* 0.378
Pneumatosis intestinalis
Present (n=12) 7183+ 11.77 105 (50.3-205.7) 52.5(27.2-227.6) 0.66 (0.30-1.49) 0.70 (0.28-1.84) 1469 (24.1-5002.3)
Absent (n=1165) 61.52+17.43 30(28-31) 24 (22-25) 0.21 (0.20-0.23) 0.38 (0.35-0.40) 254 (166.3-370.7)
P 0.043* <0.001* 0.021* 0.001* 0.056 0.043*
Bowel wall necrosis
Present (n = 8) 69.37+£11.62 165.5 (44.9-450.5) 54.5 (23.3-403.4) 0.43 (0.19-13.5) 0.65 (0.22-6.47) 1577.5 (165.2-7677.8)
Absent (n=1159) 61.57 +£1.49 30 (28-31) 24 (22-25) 0.21 (0.20-0.23) 0.37 (0.35-0.39) 245.5 (157.8-350)
P 0.234 0.002* 0.034* 0.034* 0.267 0.025*
Air in the portal venous
;ﬁiee:t - 7677+£12.86 99 (34.4-206) 45(27.3-2317)  066(0.20-8.75)  0.77(0.28-10.1) 200 (16.5-6688.1)
Absent (n __1 171 61.46 +17.43 30 (28-31) 24 (22-25) 0.21(0.20-0.23) 0.38 (0.36-0.40) 254 (167-370)
p a 0.007* 0.003* 0.033* 0.022* 0.051 0.253
Perforation
Present (n =17) 60.17 £17.62 40 (29-63.7) 34 (21.5-49.6) 0.19 (0.11-0.57) 0.35 (0.17-0.63) 7 (2.5-1397.4)
Absent (n=1164) 61.61+17.44 30 (28-31) 24 (22-25) 0.21 (0.20-0.23) 0.38 (0.36-0.40) 254 (167-300)
P 0.576 0.211 0.224 0.924 0.921 0.892
Renal ischemia
Present (n = 10) 69.9+ 153 55 (23.5-786.8) 74 (21.6-447.8) 0.30(0.13-1.57) 0.54 (0.32-2.21) 502.5 (8.4-3186.5)
Absent (n = 1087) 61.4+£175 30 (28-31) 24 (22-25) 0.22 (0.20-0.23) 0.38 (0.36-0.40) 240 (150.3-350.4)
P 0.156 0.085 0.006* 0.312 0.102 0.233
Small bowel inflammation
Present (n =73) 56.94 + 18.86 31(24-37) 21(15.4-30.6) 0.30 (0.20-0.51) 0.44 (0.37-0.56) 24 (9-452.9)
Absent (n =1108) 61.90 £ 17.31 30 (28-31) 24 (22.2-25) 0.21 (0.20-0.23) 0.37 (0.35-0.40) 282.5(175.3-389.9)
P 0.018* 0.964 0.284 0.010* 0.008* 0.857
Colitis
Present (n=91) 59.59+17.33 30(25.3-35.7) 24.8 (19.3-31) 0.24(0.17-0.37) 0.47 (0.38-0.55) 55.3(13.6-467.3)
Absent (n = 1089) 61.76 £17.45 30 (28-31) 24 (22-25) 0.21 (0.20-0.23) 0.37 (0.35-0.40) 269.5(170.2-387.9)
P 0.229 0.577 0.966 0.133 0.002* 0.695
Acute pyelonephritis
Present (n =22) 62.36 £ 20.50 28 (16.8-38.8) 22 (16.7-44.6) 0.19(0.11-0.45) 0.36 (0.19-0.46) 4945 (5.8-1331.1)
Absent (n =1146) 61.48 +£17.42 30 (28-31) 24 (22-25) 0.21 (0.20-0.23) 0.38 (0.35-0.40) 257.5(170.3-386.8)
P 0.622 0.487 0.516 0.547 0.369 0.568
Acute cholecystitis
Present (n = 36) 70.27 £15.39 39 (32.4-65.7) 29.5 (14-58.3) 0.37 (0.25-0.57) 0.51 (0.37-0.79) 560.2 (8.6-1320.4)
Absent (n = 1145) 6132+ 17.44 30 (28-31) 24 (22-25) 0.21(0.20-0.22) 0.37 (0.35-0.40) 250 (165.2-350)
P 0.001* 0.045* 0.578 0.001* 0.003* 0.576
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Supplementary Table 1. continued

Age £ SD Median AST Median ALT (95% D. bilirubin 95% . bilirubin D-dimer (95% Cl for
(95% Cl for Cl for median) Cl for median) (95% Cl for median)
median) median)

Acute pancreatitis
Present (n =38) 62.94 + 16.80 48 (33.7-74.3) 46.5 (27.7-84.7) 0.34 (0.26-0.51) 0.41 (0.29-0.67) 1231.3 (376.5-2541.1)
Absent (n=1142) 61.56 + 17.47 29 (28-31) 24 (22-25) 0.21 (0.20-0.22) 0.38 (0.35-0.40) 235 (155.1-346.8)
P 0.667 0.001* 0.001* 0.017* 0.183 0.006*
Acute diverticulitis
Present (n =8) 65.87 + 23.04 30 (15-419.5) 21.5(13.5-281.3) 0.13 (0.10-0.25) 0.34 (0.16-1.01) f?gifs()zu'z_
Absent (n=1173) 61.56+17.40 30 (28-31) 24 (22-25) 0.21 (0.20-0.23) 0.38 (0.35-0.40) 250 (1 '65 3-350)
P 0.370 0.781 0.889 0.153 0.762 :

0.032*
Acute appendicitis
Present (n = 18) 40.94 + 19.98 22 (19-35.6) 21(17.3-24.7) 0.19 (0.11-0.45) 0.44 (0.26-0.54) 1.5 (0.6-82.1)
Absent (n = 1160) 6190+ 17.23 30 (29-31) 24 (22-25) 0.21 (0.20-0.23) 0.38 (0.35-0.40) 284 (173.3-390)
P <0.001* 0.129 0.380 0.546 0.951 0.011*
Bowel obstruction
Present (n =42) 59.19 £ 15.34 32(27.4-46.8) 25(19.5-33.5) 0.28 (0.15-0.43) 0.49 (0.40-0.77) 370 (28.7-376.5)
Absent (n=1139) 61.68+17.51 30 (28-31) 24 (22-25) 0.21 (0.20-0.23) 0.37 (0.35-0.40) 250 (161.6-351.4)
P 0.257 0.107 0.905 0.212 <0.001* 0.124
Intraabdominal malignancy
Present (n = 147) 59.99 + 14.61 32(28-39) 25(20-32) 0.30(0.22-0.41) 0.45 (0.40-0.51) 134 (10.5-501.6)
Absent (n = 1034) 61.82+17.80 29 (28-31) 24 (22-25) 0.20(0.19-0.22) 0.36 (0.35-0.39) 266 (170-390)
P 0.257 0.362 0.884 <0.001* <0.001* 0.600

*Represents statistical significance. Data were summarized as mean =+ SD for normal distributed variables and, median (95% CI for median) for non-normal distributed variables. ALT,

alanine aminotransferase; AST, aspartate aminotransferase; SD, standard deviation; Cl, confidence interval.
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