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Abstract

Background: Ischemic colitis is the most common presentation of
mesenteric ischemia and is associated with significant morbidity and
mortality. Coagulopathy has been associated with the development of
ischemic colitis. Coronavirus disease 2019 (COVID-19) infection can
lead to a variety of pathology and physiological derangements, includ-
ing coagulopathy. Some case reports have described severe ischemic
colitis in patients with COVID-19 infection. Our study aimed to eluci-
date the impact of COVID-19 infection on ischemic colitis outcomes.

Methods: Patients with a diagnosis of ischemic colitis were iden-
tified using the 2020 Nationwide Inpatient Sample (NIS). Patients
were stratified based on the presence of COVID-19 infection. Data
were collected regarding mortality, shock, blood transfusion, length
of stay, hospital charges, age, gender, race, primary insurance, medi-
an income, hospital region, hospital bed size, and comorbidities. The
relationship between COVID-19 and outcomes was analyzed using
multivariate regression analysis.

Results: A total of 67,685 patients were included in the final analysis.
COVID-19 was associated with an increased risk of in-hospital mor-
tality (adjusted odds ratio (aOR): 4.006, P <0.001), shock (aOR: 1.62,
P =0.002), and blood transfusion (aOR: 1.49, P =0.007). COVID-19
was also associated with an increased length of stay (16.2 days vs. 8.7
days) and higher total hospital charges ($268,884.1 vs. $145,805.9).

Conclusions: Among hospitalized patients with ischemic colitis,
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COVID-19 infection was associated with worse outcomes and high-
er resource utilization. Further studies are needed to investigate the
mechanisms underlying this association.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic was de-
clared in March 2020 and was an unprecedented global health
crisis. The virus was found to have a variety of manifestations,
which are not limited solely to the respiratory tract. In fact, up to
51% of cases can have gastrointestinal (GI) symptoms, which in-
clude vomiting, diarrhea, and decreased appetite [1]. COVID-19
infection is also associated with coagulopathy secondary to se-
vere inflammatory state and cytokine storm. Patients with COV-
ID-19 infection are known to have elevated D-dimer and low
fibrinogen levels [2]. COVID-19 hypercoagulability most com-
monly manifests as pulmonary embolism (PE) or deep venous
thrombosis (DVT), however, it can also cause arterial thrombo-
sis, microvascular thrombosis, and mesenteric ischemia [3].

Ischemic colitis is the most common form of mesenteric is-
chemia and was first described by Boley et al in 1963 [4]. It can
be either occlusive or non-occlusive and most often affects the
splenic flexure and sigmoid colon with rectal sparing due to being
a watershed area with limited collateral blood supply [5]. Occlu-
sive causes of ischemic colitis include mesenteric arterial throm-
bosis, emboli, or trauma. Non-occlusive ischemic colitis is most
often seen in severe heart failure, perioperative hypotension, and
hypovolemic or septic shock [6]. A prospective study by Midian-
Singh et al identified hypercoagulability as a potential risk fac-
tor for ischemic colitis, and another study by Koutroubakis et
al found the most significant associations with antiphospholipid
antibodies and factor V Leiden mutations in particular [7, 8]. Is-
chemic colitis is known to have a high in-hospital mortality rate,
with studies estimating from 11% to 29% [9-11]. Complications
of ischemic colitis include bowel perforation, hemorrhage, peri-
tonitis, and stricture formation [12]. The majority of patients are
managed conservatively, though more severe cases may require
surgical resection of the affected colonic segment [9].

Given its association with hypercoagulability and poor
outcomes, we aimed to determine if COVID-19 infection plays
a role in the hospital course and overall healthcare burden of
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Figure 1. Flow diagram of inclusion and exclusion criteria for patients with ischemic colitis. COVID-19: coronavirus disease 2019.

patients admitted with ischemic colitis.

Materials and Methods

Data source

The National Inpatient Sample (NIS) is the largest database
of inpatient hospital admissions in the United States [13]. It is
maintained and operated by the Healthcare Cost and Utiliza-
tion Project (HCUP) and is a 20% stratified sample of nation-
wide hospitalizations. The NIS is considered to be a validated
and reliable estimation of hospitalization data including dis-
ease burden and outcomes. All patient information for each
hospitalization is de-identified, therefore Institutional Review
Board (IRB) approval was not required for this study.

Ethical compliance with human study

This study was performed in compliance with the Helsinki
Declaration regarding research involving human subjects.

Study population

NIS was queried using the Internal Classification of Diseases
10th Version, Clinical Modification (ICD-10 CM) codes. Pa-
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tients who were hospitalized with a diagnosis of ischemic co-
litis in 2020 were identified. A total of 69,340 patients were
identified, of which 1,655 were missing mortality or demo-
graphic information and were excluded from the study. A total
of 67,685 patients were included. Patients were then stratified
into two groups based on the presence or absence of COV-
ID-19 infection. The exclusion process and stratification of the
final study population is outlined in Figure 1.

Study outcomes and variables

The primary study outcome was the impact of COVID-19 in-
fection on in-hospital mortality in patients hospitalized with
ischemic colitis. Secondary outcomes included shock, blood
transfusion, mean length of stay (LOS), and total hospitaliza-
tion charges.

Our primary exposure variable was the presence of COV-
ID-19. Other variables included in our analysis were age, gen-
der, race, primary insurance, median income, hospital region,
and hospital bed size. The Charlson Comorbidity Index was
used to assess comorbidities and predict mortality and resource
use based on ICD-10 CM codes.

Statistical analysis

National estimates were generated using hospital-level dis-
charge weights which were provided by NIS. Continuous vari-
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ables were compared using an independent sample z-test. Cat-
egorical variables were compared using the Chi-square test.
Univariate logistic regression was performed to elucidate the as-
sociation between our variables and outcomes. We subsequently
performed multivariate regression analysis while adjusting for
variables with P < 0.1 on univariate analysis. The adjusted odds
ratio (aOR) was obtained with a 95% confidence interval (CI).
A type I error of < 0.05 was considered statistically significant.

Results

Patient characteristics

A total of 69,340 patients were hospitalized with ischemic co-
litis in the United States in 2020. Of these, 1,655 were missing
data. A total of 67,685 patients were included in the study. Ap-
proximately 1,895 (2.8%) also had a diagnosis of COVID-19
infection while 65,790 (97.2%) did not. There was no differ-
ence in the average age of patients with ischemic colitis in the
COVID-19 group and the non-COVID-19 group. The majority
of patients in the COVID-19 group were White (55%), had
Medicare insurance (66.7%), and three or more comorbidities
(63.6%). Full demographic information of included subjects is
outlined in Table 1.

Outcomes

Total in-hospital mortality was 12,840 (19%). The mortal-
ity rate in the non-COVID-19 group was 18.2% compared to
47.2% in the COVID-19 group. The risk of mortality in pa-
tients with ischemic colitis was increased in the COVID-19
group with an aOR 0f 4.006 (P < 0.001) on multivariate analy-
sis. A total of 5,144 patients in our study population developed
shock (7.6%). Incidence of shock was 7.5% in the non-COV-
ID-19 group compared to 12.1% in the COVID-19 group (P <
0.001). COVID-19 infection was associated with an increased
risk of shock, with an aOR of 1.62 (P = 0.002) on multivariate
analysis. Blood transfusion was required in a total of 7,648
patients (11.3%). Approximately 11.1% of patients in the non-
COVID-19 group required blood transfusion compared to 16%
in the COVID-19 group (P = 0.0045). On multivariate analy-
sis, COVID-19 infection carried an increased risk for requiring
blood transfusion during hospitalization with an aOR of 1.49
(P = 0.007). The mean LOS was 8.7 days in the non-COV-
ID-19 group compared to 16.2 days in the COVID-19 group.
Ischemic colitis patients without COVID-19 had a mean hos-
pitalization charge of $145,805.9 compared to $268,884.1 in
those with COVID-19. The association between outcomes and
COVID-19 is outlined in Table 2.

Discussion

While there have been some case studies looking at the re-
lationship between COVID-19 infection and ischemic colitis,
there has been limited research on the true healthcare burden
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placed on GI complications stemming from COVID-19-in-
duced coagulopathy secondary to causing a severe inflamma-
tory state and cytokine storm. In our study, using data from
the 2020 NIS patient database of nearly 69,000 patients during
the initial wave of the pandemic with a diagnosis of ischemic
colitis, we found an increased mortality rate in patients with
COVID-19 and ischemic colitis (47.2%) versus ischemic coli-
tis alone (18.2%). After adjusting for confounding factors, the
odds ratio for mortality was found to be 4.006 (P < 0.001).
These results indicate a substantially higher risk of death
among patients with ischemic colitis and COVID-19 infec-
tion, emphasizing the detrimental effect of COVID-19 on this
population. These results highlight the importance of proper
preventative measures and diligent management of all patients
with COVID-19 infection. Additional preventative measures
for ischemic colitis such as but not limited to proper diet or-
ders, intravenous (IV) fluids and early detection and patient
education on signs of bowel discomfort could lead to early in-
tervention, which may in turn lead to lower mortality rates. Pa-
tients with known risk factors such as age > 60, chronic renal
disease/hemodialysis, atherosclerotic vascular disease/proce-
dures, history of myocardial infarction, and history of acquired
or hereditary thrombotic conditions should be evaluated with
increased caution [14, 15].

One of the severe complications associated with a diagno-
sis of ischemic colitis is shock, which is characterized by inad-
equate tissue perfusion. Our study found that 7.5% of patients
without COVID-19 infection developed shock, while the pro-
portion increased to 12.1% in patients with COVID-19 infec-
tion (P < 0.001). Though shock is a known risk factor for the
development of ischemic colitis, this suggests that COVID-19
infection may contribute to an elevated risk of shock develop-
ment in patients with ischemic colitis. This finding could be
explained by the overall derangement of other organ systems
and pro-inflammatory state seen in COVID-19 [16]. A limita-
tion of our study is that the NIS database does not allow for
differentiation between whether ischemic colitis was caused
by thrombosis or hypoperfusion due to shock, and further
studies are needed to assess the etiology of ischemic colitis in
COVID-19 patients.

Our study also assessed the need for blood transfusion
in patients with ischemic colitis. Among those without COV-
ID-19 infection, 11.1% required blood transfusions, while the
proportion rose to 16% in patients with COVID-19 infection
(P = 0.0045). These findings indicate a higher demand for
blood transfusion in patients with COVID-19 and ischemic
colitis, which may be attributed to the severity of presentation
when both conditions are present concurrently, or potential
complications associated with COVID-19 infection. It remains
unclear whether subsequent variants of COVID-19 are also
associated with an increased need for blood transfusion, and
future studies are needed to evaluate this.

Patients with COVID-19 infection and ischemic colitis
had a longer mean LOS, averaging 16.2 days compared to 8.7
days for patients without COVID-19 infection. The prolonged
hospital stay can be partially attributed to quarantine rules and
the need for closer monitoring and management of COVID-
19-related symptoms. Consequently, patients with COVID-19
and ischemic colitis incurred higher mean total hospital charg-
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Table 1. Patient Characteristics

Demographics Without COVID-19 With COVID-19 P value
Mean age 67.8 67.9 -
Sex
Male 26,579 (40.4) 947 (50) <0.001
Female 39,210 (59.6) 947 (50)
Race
White 49,079 (74.6) 1,042 (55) <0.001
Black 7,829 (11.9) 371 (19.6)
Hispanic 5,395 (8.2) 301 (15.9)
Asian/Pacific Islander 1,579 (2.4) 76 (4)
Native American 303 (0.46) 21 (1.1)
Other 1,645 (2.5) 95 (5)
Primary expected payer
Medicare 44,474 (67.6) 1,264 (66.7) 0.592
Medicaid 7,040 (10.7) 235 (12.4)
Private 12,500 (19) 362 (19.1)
Uninsured 1,776 (2.7) 36 (1.9)
Median income
Lowest quartile 18,092 (27.5) 574 (30.3) 0.128
Second quartile 18,026 (27.4) 580 (30.6)
Third quartile 16,053 (24.4) 375 (19.8)
Highest quartile 13,619 (20.7) 366 (19.3)
Hospital region
Northeast 12,500 (19) 432 (22.8) 0.012
Midwest 15,461 (23.5) 540 (28.5)
South 24,737 (37.6) 637 (33.6)
West 13,092 (19.9) 286 (15.1)
Hospital bed size
Small 13,684 (20.8) 311 (16.4) 0.068
Medium 19,013 (28.9) 631 (33.3)
Large 33,027 (50.2) 953 (50.3)
Charlson comorbidities
0 1,447 (2.2) 68 (3.6) <0.001
1 14,408 (21.9) 277 (14.6)
2 12,961 (19.7) 345 (18.2)
3 or more 36,974 (56.2) 1,205 (63.6)

COVID-19: coronavirus disease 2019.

Table 2. Multivariate Regression Analysis Showing Association Between COVID-19 and Categorical Outcomes

Odds ratio P value
Death during hospitalization 4.006 <0.001
Shock 1.62 0.002
Blood transfusion 1.49 0.007
Continuous variables Without COVID-19 With COVID-19
LOS 8.7 days 16.2 days
Total charges $145,805.90 $268,884.10

COVID-19: coronavirus disease 2019; LOS: length of stay.
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es of about $269,000 compared to $146,000 for those without
COVID-19. These increased costs highlight the additional bur-
den imposed by COVID-19 infection on the healthcare system.

Our study has several limitations. Given the features of the
NIS data used in the study, illness scores of systemic inflam-
matory response syndrome (SIRS) and sepsis criteria were not
able to be calculated. Additionally, cause of death is not known.
This eliminates the ability to discern whether patients with
COVID-19 are more likely to develop more severe ischemic
colitis due to sepsis and hypotension from COVID-19, or if
they are more likely to die from COVID-19-related pulmonary
complications, since ischemic colitis can be a marker of poor
cardiopulmonary status. Another potential error that could occur
from data gathering using NIS is hospital readmissions, which
could not be tracked. Documentation of diagnoses in the USA
for in-hospital visits are documented using ICD-10 codes, this
in turn could lead to coding errors in the form of incorrect in-
put of ICD-10 codes and missed ischemic colitis ICD-10 codes
when diagnosis is appropriate. The most recent dataset available
from HCUP is NIS 2020, which contains information regarding
the initial portion of the pandemic. Outcomes may differ when
considering subsequent developments including vaccination,
COVID-19 variants, and treatment regimens. We believe that
the large population size and nationwide sample are significant
strengths of our study and can help to mitigate the limitations.
Despite lacking information regarding cause of death and out-
comes in later waves of the pandemic, our study highlights a
clear association between COVID-19 and worse outcomes in
hospitalized patients with ischemic colitis. Further studies are
needed in order to fully elucidate the true burden of COVID-19
on ischemic colitis outcomes and to outline the various mecha-
nisms that may be at play in order to decrease the resulting mor-
bidity, mortality, and healthcare burden.
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