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Abstract

Objective The study aims to demonstrate risk factors for colitis in intensive care unit patients with and without coronavirus
disease 2019 (COVID-19).

Methods Retrospective review was performed to identify intensive care unit (ICU) patients with the diagnosis of COVID-19
with computed tomography (CT) between March 20 and December 31, 2020. ICU patients without COVID-19 diagnosis with
CT between March 20 and May 10, 2020 were also identified. CT image findings of colitis or terminal ileitis as well as supportive
treatment including ventilator, vasopressors, or extracorporeal membrane oxygenation (ECMO) were recorded. Statistical anal-
ysis was performed to determine if clinical factors differed in patients with and without positive CT finding.

Results Total 61 ICU patients were selected, including 32 (52%) COVID-19-positive patients and 29 (48%) non-COVID-19
patients. CT findings of colitis or terminal ileitis were identified in 27 patients (44%). Seventy-four percent of the patients with
positive CT findings (20/27) received supportive therapies prior to CT, while 56% of the patients without abnormal CT findings
(19/34) received supportive therapies. Vasopressor treatment was significantly associated with development of colitis and/or
terminal ileitis (p = 0.04) and COVID-19 status was not significantly different between these groups (p = 0.07).

Conclusions In our study, there was significant correlation between prior vasopressor therapy and imaging findings of colitis or
terminal ileitis in ICU patients, independent of COVID-19 status. Our observation raises a possibility that the reported COVID-
19-related severe gastrointestinal complications and potential poor outcome could have been confounded by underlying severe
critically ill status, and warrants a caution in diagnosis of gastrointestinal complication.
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Introduction

In December 2019, an unknown pneumonia initially broke out
clustered in the region of Wuhan, China. The source organism
identified as severe acute respiratory syndrome novel corona-
virus 2 (SARS-nCOV-2) rapidly spread worldwide leading to
World Health Organization’s (WHO) declaration of pandemic
status in March 2020. Coronavirus disease 2019 (COVID-19)
has resulted in a high degree of morbidity and mortality, hav-
ing surpassed 2.5 million deaths with the total confirmed cases
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of more than 114.8 million worldwide as of March 2021 ac-
cording to WHO [1].

Although the majority of patients present with respiratory
symptoms and signs, COVID-19 patients also experience
symptoms involving other organ systems, including the cen-
tral nervous system, cardiovascular, hematologic, and urinary
system [2]. Varying degrees of gastrointestinal (GI) symptoms
are commonly presented by COVID-19 patients, ranging from
mild but more frequent nausea or vomiting to more serious
conditions such as ischemic colitis which may be detectable
on imaging studies or colonoscopy [3]. In addition, there have
been reports suggesting the potential impact of COVID-19
status on severe GI complication resulting in poor clinical
outcomes [4]. However, the causal relationship between
COVID-19 infection and severity of the GI complication has
not been clarified. This is especially important in critically ill
patients who tend to have multiple comorbidities and con-
founding clinical factors. In these cases of critically ill
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COVID-19 patients with GI imaging findings, clinical signif-
icance of the imaging findings and ultimate impact on man-
agement have not been established. Therefore, we have retro-
spectively reviewed and compared the radiologic findings of
colitis, COVID-19 status, and severity of clinical status in the
intensive care unit (ICU) setting.

Methods

This study was approved by institutional review board for
retrospective review. Patients who were admitted to the ICU
with a COVID-19 diagnosis within a single healthcare system
who also received computed tomography (CT) imaging of the
abdomen and pelvis between March 20 and December 31,
2020 were retrospectively identified. For comparison purpose,
patients without a COVID-19 diagnosis admitted in ICU with
at least one CT of the abdomen and pelvis obtained between
March 20 and May 10, 2020 were retrospectively identified as
well.

CT examinations of these patients were reviewed by two
radiologists (one reader with four years of experience and the
other reader with 23 years of experience), blinded for the
patients’ COVID-19 status or other clinical factors. Patients
with secondary bowel changes explainable by other underly-
ing conditions were excluded to minimize confusion from
reactive changes. These include recent post-surgical changes
in the abdomen and pelvis, generalized increased volume sta-
tus, a mass involving the bowel with focal fat stranding, lo-
calized fat stranding due to inflammation or infection in the
adjacent organs, or intraabdominal bleeding. Imaging findings
suggestive of colitis or terminal ileitis including bowel wall
thickening, colonic distension/luminal fluid, pneumatosis, and
pneumoperitoneum were documented.

Retrospective review of the medical record was conducted
to identify demographic data and clinical factors, including
COVID-19 test positivity (either positive COVID-19 PCR test
during admission or documented outside positive COVID-19
test on admission note), history of intubation with mechanical
ventilation, vasopressor support, or extracorporeal membrane
oxygenation (ECMO) usage within 30 days prior to the CT.
Patients’ clinical outcome and disposition at discharge were
also documented.

Statistical analysis with unpaired #-test was performed to
compare age between patients with colitis and without colitis.
Statistical analysis with Fisher’s exact test was performed to
determine if patients with and without colitis differed in terms
of gender, COVID-19 status, ECMO, vasopressor, and venti-
lator treatment. All p values were based on a two-sided hy-
pothesis. A p value of < 0.05 was considered to be statistically
significant. Statistical analyses were conducted using JMP®
Software (JMP® PRO version 15.0.0, SAS Institute Inc.,
Cary, NC, 1989-2007).
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Results

A total of 46 COVID-19-positive ICU patients were
identified to have received at least one CT abdomen
and pelvis between March and December 2020. These
patients included 42 patients with positive COVID-19
PCR test during admission as well as four patients with
documented outside positive COVID-19 test on admis-
sion note. Additionally, a total of 65 non-COVID-19
ICU patients were identified to have received at least
one CT abdomen and pelvis exam between March and
May 2020. Out of the 111 total patients, 50 patients
were excluded due to other confounding factors (post-
operative status, n = 19; volume overload, n» = 12; ma-
lignancy involving GI tract, n = 3; adjacent organ in-
fection/inflammation, n» = 5; adjacent intraabdominal
bleeding, n = 11) (Fig. 1). Retrospective review of the
medical record was performed for the remaining 61 ICU
patients including COVID-19-positive patients (n = 32)
and non-COVID-19 patients (n = 29). The average age
of total 61 ICU patient was 61.2 years old, with 62% (n
= 39) male and 38% (n = 23) female (Table 1).

Among those 61 patients, 27 patients (44%) had pos-
itive CT findings for colitis or terminal ileitis (n = 26
for colitis, » = 1 for terminal ileitis) and 34 patients
(56%) did not have CT findings suggestive of colitis
or terminal ileitis (Fig. 2). Among 27 patients with pos-
itive CT findings for colitis or terminal ileitis, 18 pa-
tients (67%) were positive for COVID-19 and 20 pa-
tients (74%) received advanced critical care supportive
therapy prior to CT. These advanced critical care sup-
portive therapies include ECMO (n = 2), ventilator (n =
16), and vasopressor treatment (n = 19). Among 34
patients without CT colitis findings, 14 patients (41%)
were positive for COVID-19 and 19 patients (56%) re-
ceived advanced critical care supportive therapy prior to
CT, including ECMO (n = 1), ventilator (n = 17), and
vasopressor treatment (n = 14).

Only recent history of vasopressor treatment was signifi-
cantly different between patients with positive CT findings
and patients without CT findings suggestive of colitis and/or
terminal enteritis (p = 0.04). Other variables including
COVID-19 status, recent history of ECMO, and mechanical
ventilation did not show statistically significant difference be-
tween patients with and without CT findings of colitis based
on two-tailed analysis (Table 1).

Within the subgroup of CT findings suggestive of colitis
and/or terminal enteritis (n = 27), 50% of patients with posi-
tive COVID-19 test (9/18) had poor outcome (death in seven
patients; hospice in two patients) and 56% of non-COVID-19
patients (5/9) had poor outcome (death in three patients, hos-
pice in one patient, and colectomy due to ischemic colitis in
one patient) (Fig. 3).
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Table 1 Patient demographic data and clinical information with and without CT findings of colitis or terminal ileitis during ICU admission
ICU patients with Positive CT findings for colitis Negative CT findings for colitis p value
CT (n=61) or terminal ileitis (n = 27) or terminal ileitis (n = 34)
Demographic data
Age (mean, range) 61.2 (19-100) 63.6 (29-100) 59.3 (19-92) 0.32
Gender (M: F) 38:23 17:10 21:13 1
Clinical information
COVID-19 positive 32 18 (67%) 14 (41%) 0.07
ECMO 3 2 (7%) 1 3%) 0.58
Ventilator 33 16 (59%) 17 (50%) 0.61
Vasopressor 33 19 (70%) 14 (41%) 0.04

COVID-19 coronavirus disease 2019, ECMO extracorporeal membrane oxygenation

Of the COVID-19-positive patients (n = 32), 18 patients
(56%) showed findings suggestive of colitis and/or terminal
ileitis (Fig. 4). Sixteen patients were on mechanical ventilation
(nine patients with positive CT finding, seven patients without
CT finding), 17 patients received vasopressor (12 patients
with positive CT finding, five patients without CT finding),
and none of these patients were on ECMO prior to imaging.
None of these advanced critical care supportive treatments
showed significant correlation with CT finding of colitis
and/or terminal ileitis.

Patients with COVID-19 and CT while admitted
in ICU between 3/2020 and 12/2020 (n=46)

o~

Discussion

As COVID-19 cases reported worldwide continues to in-
crease, multi-organ involvement secondary to COVID-19 in-
fection have been more frequently reported. As part of multi-
systemic manifestations, gastrointestinal symptoms varying
from nausea, vomiting to ischemic colitis have been variably
recognized [3, 5].

Several hypotheses have been raised to explain the involve-
ment of GI system as an entry or transmission route given

Non-COVID-19 patients with CT while admitted
in ICU between 3/2020 and 5/2020 (n=65)

—

I Total 111 patients admitted in ICU with CT |

R Recent Intraabdominal
postoperative change (n=19)

~~-._| Generalized volume overload
(n=12)

Mass involving Gl tract (n=3)

RIS Adjacent organ
infection/inflammation (n=5)

R Intraabdominal bleeding
(n=11)

Total 61 patients for analysis
« COVID-19 positive patients (n=32)
* Non-COVID-19 patients (n=29)

Fig. 1 Flow chart for patients excluded for analysis with exclusion criteria
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| Total 61 patients |

I Imaging findings of colitis and/or terminal ileitis?

\

X
COVID-19 Supportive COVID-19 Supportive
status? treatment? status? treatment?
Yes ECMO ventilator Vasopressor Yes ECMO ventilator Vasopressor
(n=18) (n 9) (n=2) (n=16) (n=19) (n=14) (n= 20) (n=1) (n=17) (n=14)

Fig. 2 Flow chart for patients with or without imaging findings suggestive of colitis or terminal ileitis

SARS-nCOV-2 RNA detection in stool samples [6]. These
include via angiotensin-converting enzyme 2 (ACE2) receptor
expressed throughout the intestinal epithelium [7], as part of
systemic involvement secondary to heightened inflammatory
reaction and cytokine storm [8], and hypercoagulability with
micro-thrombosis [3].

Several studies have been published identifying GI compli-
cations on radiologic examinations in COVID-19 patients. In
a study by Bhayana et al., 31% of abdominal CT images
showed abnormal bowel wall findings and 20% of ICU pa-
tients” CT images had findings concerning for bowel ischemia
requiring surgical management [3]. In case series by Norsa
et al., seven patients with positive COVID-19 were diagnosed
with potentially higher prevalence and higher mortality when
compared to patients with bowel ischemia during pre-
COVID-19 period [4]. However, these studies have not spe-
cifically looked at bowel complications in the ICU setting.

Fig. 3 Fifty-nine-year-old male obtained non-contrast CT of abdomen
and pelvis for the concern of small-bowel obstruction, who was not
diagnosed to have coronavirus disease 2019 prior to CT. Patient’s history
was notable for coronary artery bypass surgery 8 days ago and
non-alcoholic steatohepatitis-induced liver cirrhosis. Axial (a) and
coronal (b and ¢) CT images demonstrated fluid filled ascending colon
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A study by El Moheb et al. did focus on critically ill pa-
tients with and without COVID-19 and found higher percent-
age of overall GI complications (74% vs 37%) as well as
higher rate of intestinal ischemia (4% vs 0%) in COVID-19-
positive patients compared with propensity score matched pa-
tients from a pre-COVID-19 time period [9]. This study dem-
onstrated potentially higher bowel complication rate in the
COVID-19 ICU population, but the severity of underlying
critically ill status and its secondary effect have not been taken
account. Therefore, whether or not COVID-19 positivity sta-
tus itself was the major factor in bowel complication remains
unclear.

Compared to the general population and patients with
milder illness, the ICU patient population deserves special
attention due to various complications, multi-factorial nature
from multiple comorbidities, and the variety of supporting
treatments which may further complicate and confound

a

— A 1

with pneumatosis (white straight arrow in a, black straight arrow in b), as
well as linear branching air along the mesenteric vessels (white curved
arrow in a and ¢), concerning for ischemic colitis. Subsequently, patient
underwent extended right hemicolectomy and was confirmed to have
transmural ischemia and necrosis of the ascending colon
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Fig. 4 Sixty-nine-year-old male admitted for coronavirus disease 2019
pneumonia with acute respiratory distress syndrome who received
ventilation and vasopressor treatment. CT was obtained due to
increasing abdominal distension. Coronal (a) and axial (b) images of
contrast enhanced CT demonstrate diffuse wall thickening along the

underlying conditions. Critical illness and mechanical venti-
lator treatment statuses have been thought to contribute to
gastrointestinal ischemic events via splanchnic hypoperfu-
sion. Additionally, several parameters including ICU care,
vasopressor support, and ventilator treatment were identified
as risk factors for patients who failed initial non-operative
management for ischemic colitis [10, 11].

In our study focusing on ICU patients with imaging find-
ings of colitis and/or terminal ileitis at a single healthcare
system during the COVID-19 pandemic, recent history of
supportive treatment such as vasopressor showed correlation
with positive image findings of colitis, while COVID-19 sta-
tus was not significantly different between groups with and
without CT finding of colitis. It was also notable that higher
percentage of ICU patients with CT findings of colitis (20 out
of 27 patients, 74%) had received at least one of the supportive
treatments, suggestive of the severity of underlying critical
illness. In addition, comparable or slightly higher rate of poor
outcome including ischemic colitis requiring surgical treat-
ment, hospice care, or death was noted in non-COVID-19
patients with positive CT finding compared to COVID-19-
positive patients with positive CT finding, although outcome
analysis was not performed due to small number of sample
size. Based on our observation, we are raising questions that
the etiology of bowel complications and its severity may not
necessarily be due to COVID-19 status itself especially in ICU
population, but the severity of critically ill status or co-existing
clinical conditions may elicit or amplify the gastrointestinal
complications. Furthermore, possibility of other etiologies to
explain abnormal bowel findings on CT should be considered
and correlated with clinical condition and medical history,
before attributing it to COVID-19-related colitis when
interpreting CT in this subset of patients. Our observation is
also in line with the recently published study by Elmunzer
et al., where GI symptoms were frequent complaints in

terminal ileum (straight arrows in a and b) and mild diffuse dilatation
of'the fluid-filled proximal small-bowel loops (curved arrows in a and b),
suggestive of terminal ileitis and secondary bowel dilatation. Patient was
conservatively managed and discharged approximately 2 weeks after

hospitalized COVID-19 patients, but not associated with se-
vere outcome clinically [12].

Our study is limited by small sample size especially in
COVID-19-positive subgroup analysis, as we have scruti-
nized and focused on only critically ill patients with positive
imaging findings of terminal ileitis or colitis. Furthermore, we
have used CT findings as a primary tool to assess colitis or
terminal ileitis and could have underestimated the occurrence
of the occult GI symptoms. However, our study is primarily to
guide radiologists’ interpretation of the CT finding in the clin-
ical setting during the era of COVID-19 pandemic.
Additionally, CT is used as a main modality in current practice
setting to assess patients with acute abdominal symptoms, and
we believe that in the appropriate clinical setting, CT is a
useful tool to detect severe enterocolitis or ischemic colitis,
which will more likely require aggressive management or at
least close clinical monitoring [13].

Since pandemic status was officially declared in
March 2020, there have been new cases of COVID-19 without
a promising decline in numbers and it is expected that
COVID-19 will continue to be a part of medical practice for
the foreseeable future. In addition, approximately 30% of hos-
pitalized COVID-19 patients ended up in critically ill status
requiring ICU admission. This included intubation and/or
ECMO treatment and previously reported studies identified
as high as 29% of hospitalized patients experienced acute
respiratory distress syndrome (ARDS) [14]. Therefore, further
studies need to be conducted to verify the effect of critically ill
status itself versus COVID-19 status on gastrointestinal com-
plications in the ICU population, to help in the interpretation
of imaging studies, and guide appropriate management in this
COVID-19 era.

In conclusion, we believe that measured caution needs to
be taken during interpretation of gastrointestinal manifesta-
tions in the setting of COVID-19, especially in critically ill
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patients, and other clinical factors must be considered as well
before attributing the etiology of abnormal CT appearance of
bowel solely to the COVID-19 status.

Availability of data and material Dataset from this study is available
from the corresponding author.
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