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INTRODUCTION

Abstract

Background: Corona virus disease 2019 (COVID-19) patients are at increased risk
for thromboembolic events. It is unclear whether the risk for gastrointestinal (Gl)
bleeding is also increased.

Methods: We considered 4128 COVID-19 patients enrolled in the Lean European
Open Survey on SARS-CoV-2 (LEOSS) registry. The association between occurrence of
Gl bleeding and comorbidities as well as medication were examined. In addition, 1216
patients from COKA registry were analyzed focusing on endoscopy diagnostic findings.
Results: A cumulative number of 97 patients (1.8%) with Gl bleeding were identified
in the LEOSS registry and COKA registry. Of 4128 patients from the LEOSS registry,
66 patients (1.6%) had a Gl bleeding. The rate of Gl bleeding in patients with
intensive care unit (ICU) admission was 4.5%. The use of therapeutic dose of anti-
coagulants showed a significant association with the increased incidence of bleeding
in the critical phase of disease. The Charlson comorbidity index and the COVID-19
severity index were significantly higher in the group of patients with Gl bleeding
than in the group of patients without Gl bleeding (5.83 (SD = 2.93) vs. 3.66
(SD = 3.06), p < 0.01 and 3.26 (SD = 1.69) vs. 2.33 (SD = 1.53), p < 0.01, respec-
tively). In the COKA registry 31 patients (2.5%) developed a Gl bleeding. Of these,
the source of bleeding was identified in upper Gl tract in 21 patients (67.7%) with
ulcer as the most frequent bleeding source (25.8%, n = 8) followed by gastro-
esophageal reflux (16.1%, n = 5). In three patients (9.7%) Gl bleeding source was
located in lower Gl tract caused mainly by diverticular bleeding (6.5%, n = 2). In
seven patients (22.6%) the bleeding localization remained unknown.

Conclusion: Consistent with previous research, comorbidities and disease severity
correlate with the incidence of Gl bleeding. Also, therapeutic anticoagulation seems
to be associated with a higher risk of Gl bleeding. Overall, the risk of Gl bleeding
seems not to be increased in COVID-19 patients.

KEYWORDS
COVID-19, critically ill, GI bleeding, LEOSS, SARS-CoV-2

Key summary

The outbreak of “severe acute respiratory syndrome corona virus 2”
(SARS-CoV-2) in Wuhan, China has developed into a pandemic within
a remarkably short time. By now, more than 180 million people
worldwide suffered from "corona virus disease 2019" (COVID-19)
and more than 3.9 million people died.*

Transmission of the virus occurs predominantly via droplet
infection.? Therefore, strict isolation measures must be imple-
mented in SARS-CoV-2 positive patients.®> Not only the strict
isolation measures and the high number of cases challenge the
health systems of the affected countries, but also the occasion-
ally severe courses with numerous complications.* Complications
comprise pulmonary, neurological, cardiovascular as well as
gastrointestinal (Gl) and thromboembolic events such as mesen-
terial ischemia, deep vein thrombosis or pulmonary artery em-

bolism.>> In order to prevent these events numerous guidelines

e Therapeutic dose of anticoagulants was significantly

associated with the increased incidence of bleeding in
the critical phase of disease

Charlson Comorbidity Index (CCl) and COVID-19
Severity Index (CSI) were significantly higher in corona
virus disease 2019 (COVID-19) patients developing
gastrointestinal (Gl) bleeding compared to COVID-19
patients without Gl bleeding

67.7% of the Gl bleedings occurred in the upper Gl tract
and 9.7% in the lower Gl tract

The risk of Gl bleeding does not seem to be increased in
COVID-19 patients, in comparison to current literature
reports of non-COVID-19 patients
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for both, in- and outpatient therapy of COVID-19 patients
recommend prophylaxis of thromboembolism.®® Notably, oral
anticoagulation as well as prophylaxis of thromboembolism leads
to an increased risk of Gl bleeding in hospitalized patients.”” ! It
seems therefore reasonable to assume that anticoagulation leads
to gastrointestinal bleeding in COVID-19 patients also. Further-
more, other possible additional factors influencing the occurrence
and frequency of Gl bleeding in COVID-19 patients are neither
fully recognized nor understood.

However, the current evidence on SARS-CoV-2 infection as a
risk factor for a Gl bleeding and the rate of Gl bleeding in COVID-19
patients is limited. For example, Trinidade et al. described a Gl
bleeding rate of approximately 3% in COVID-19 patients, while
factors influencing Gl bleeding risk could not be identified.*? This
bleeding rate falls in the range of 1.5% to 5.5% reported in critically
ill patients and thus does not appear to be increased.*® However,
several recent publications describe severe Gl bleeding events
associated with COVID-19.14-1¢

In the present study, we provide an analysis of COVID-19 pa-
tients with Gl bleeding from the Lean European Open Survey on
SARS-CoV-2 infected patients (LEOSS) registry and the COVID-19
registry of Augsburg University Hospital (COKA). Our aim was to
assess the Gl bleeding rate of COVID-19 patients as well as to
determine risk factors associated with higher incidence of Gl
bleeding. In addition, endoscopic findings will be described and

analyzed.

MATERIAL AND METHODS
Data and study design

A total of 6457 patients included in the LEOSS registry between
March 2020 and February 2021 were analyzed in this study. The
LEOSS registry is a prospective, multi-center cohort registry
enclosing data on hospitalized COVID-19 patients having a
laboratory-confirmed COVID-19 diagnosis. The LEOSS registry
aims at addressing the lack of in-depth knowledge on epidemi-
ology and clinical course of this disease. Besides socio-
demographic data, the registry collects baseline characteristics,
laboratory parameters and important comorbidities of the pa-
tients. The clinical course of the disease is divided into four
phases related to the health state of the patient such as un-
complicated (oligo-/asymptomatic), complicated (predominantly
characterized by the need for oxygen supplementation), critical
(need for life supporting therapy) and recovery phase (clinical
improvement, discharge). Data available in the LEOSS registry are
collected in a rough form as categorical values only. In order to
ensure anonymity in all steps of the analysis process, an indi-
vidual LEOSS Scientific Use File (SUF) was created, which is
based on the LEOSS Public Use File (PUF) principles described in

Jakob et al.Y’

In addition, a total of 1216 patients included in the COKA reg-
istry between February 2020 and December 2020 were analyzed.
The COKA registry is a prospective, monocentric cohort registry that
collects data on patients hospitalized at University Hospital Augsburg
with a COVID-19 diagnosis confirmed by a positive result of a po-
lymerase chain reaction test. The registry collects baseline charac-
teristics, laboratory parameters and important comorbidities as well
as endoscopic findings of the patients.

The primary endpoint of the study was occurrence of
gastroenterological-relevant bleeding in any phase of disease.
Among the 6457 patients included in the LEOSS registry, only those
having explicit information on Gl bleeding in any phase of the clinical
course of COVID-19 were included in the data analysis. Accordingly,
a total of 2329 (36.1%) cases were excluded due to missing infor-
mation on primary outcome yielding a sample of 4128 (63.9%) cases.
Besides demographics, such as age and sex, information on intensive
care unit (ICU) admission, comorbidities according to Charlson Co-
morbidity Index (CCl), baseline characteristics according to COVID-
19 Severity Index (CSl) and several coagulopathic laboratory pa-
rameters were analyzed. Comorbidities were dichotomized
expressing either presence or absence of each disease. Laboratory
parameters were dichotomized indicating either normal or abnormal
values. Characteristics documented as unknown were considered as
missing.

Of the 1216 patients included in the COKA registry all
patients with Gl bleeding were included in the analysis. Be-
sides demographics such as age and sex, information on ICU
admission, bleedings symptoms, endoscopic findings, information
about anticoagulation as well as other bleeding relevant data
for example blood transfusion and hemoglobin drop were
analyzed.

Statistical analysis

The patients' characteristics are reported as absolute numbers
and percentages. CCl was calculated in line with Charlson
et al'® and CS| was calculated according to Altschul et al.*’
Both indices are reported as mean and standard deviation. The
inference-statistical comparison of percentages between two and
more groups was conducted using xz-test or Fisher exact test
when appropriate. The odds ratios of demographics, comorbid-
ities and baseline characteristics were assessed in univariate and
multivariate logistic regression models. Parsimonious logistic
regression was calculated applying backwards elimination tech-
nigue. The comparison of both examined indexes between the
group of bleeders and non-bleeders was conducted using Mann-
Whitney-U test due to missing normal distribution of the data
and inequality of both groups in terms of the case numbers. The
significance level was defined at p < 0.05. Data management,
descriptive and inference-statistical analysis were conducted us-
ing IBM SPSS Version 27.
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RESULTS
Characteristics of the study population

Among 4128 cases from LEOSS registry included in the data analyses,
42.9% (n = 1771) were female (Table 1). The most common age group
was 76-85 (19.9%, n = 823). The biggest share of patients 20.7%
(n = 854) with available information on BMI were overweight. The
clinical manifestations of COVID-19 at baseline were distributed as
follows: uncomplicated phase 70.5% (n = 2912), complicated phase
22.8% (n = 941), critical phase 5.7% (n = 234), recovery phase 0.1%
(n = 6) and 0.9% (n = 35) missing information. Progression from un-
complicated to complicated or critical phases was observed in 29.5%
(n = 856) and 7.9% (n = 231) patients, respectively. A total of 21.1%
patients (n = 871) were administered to ICU with 10.4% (n = 91) of
ICU-patients receiving extracorporeal membrane oxygenation
(ECMO). Among 4128 patients examined, 1.6% (n = 66) developed a
Gl bleeding in one of clinical phases. The proportion of Gl bleeding on
admission accounted for 0.9% (n = 35). The highest rate of Gl
bleeding was observed in the critical phase with 4.5% (n = 32).

Univariable and multivariable relationships of patient
characteristics with gastrointestinal bleeding

In order to compare clinical course of COVID-19 in terms of Gl
complications, the group of bleeders was compared to a total of
patients without Gl bleeding during their inpatient stay. The data of
both examined patients groups are shown in Table 2. Univariate
analyses revealed higher age, male sex OR = 2.032 (Cl: 1.178-3.506),
admission to ICU OR = 6.032 (Cl: 3.203-11.363) and several
comorbidities, such as myocardial infarction OR = 2.363 (Cl: 1.061-
5.262), chronic heart failure OR = 3.041 (Cl: 1.598-5.788), peripheral
vascular disease OR = 2.632 (Cl: 1.116-6.208), peptic ulcer disease
OR = 14.679 (Cl: 6.556-32.867), dialysis OR = 3.828 (CI: 1.614-
9.082), acute kidney injury OR = 6.263 (Cl: 3.491- 11.235), diabetes
with damage OR = 2.325 (Cl: 1.135-4.764) and solid tumor with
metastasis OR = 3.034 (Cl: 1.077-8.548) to be significantly associ-
ated with increased risk of Gl bleeding.

In a parsimonious multivariate regression model, higher age,
male sex OR = 2.149 (Cl: 1.178-3.921) as well as four comorbidities
such as peptic ulcer disease OR = 11.076 (Cl: 4.463-27.490), acute
kidney injury OR = 4.165 (Cl: 2.113-8.211), dialysis OR = 4.751 (CI:
1.374-16.428) and solid tumor with metastasis OR = 3.095 (CI:
1.056-9.073) were significantly associated with a higher risk of Gl
bleeding (Table 3).

Comparison of the group of non-bleeders and bleeders revealed
a significant difference in terms of CCl and CSI (Table S1). Thus, mean
CCl in patients developing Gl bleeding was 5.83 (SD = 3.111)
whereas in patients without this Gl complication it was 3.66
(SD = 3.067; p < 0.001). Similarly, there was a significant difference in

Characteristics

Age

Sex

BMI

Phase

Phase at baseline

ICU admission

ECMO

Bleeding

Category
1-14 years
15-25 years
26-35 years
36-45 years
46-55 years
56-65 years
66-75 years
76-85 years
>85 years
Male

Female

<18.5 kg/m?
18.5-24.9 kg/m?
25-29.9 kg/m?
30-34.9 kg/m?
>34.9 kg/m?
Unknown
Baseline
Uncomplicated
Complicated
Critical
Recovery
Uncomplicated
Complicated
Critical
Recovery
Unknown

Yes

No

Not available

Total

ICU admission

No ICU admission

Not available
Baseline
Complicated

Critical

n/N

30/4128
172/4128
346/4128
394/4128
642/4128
727/4128
640/4128
823/4128
334/4128
2348/4128
1771/4128
70/4128
742/4128
854/4128
464/4128
286/4128
1712/4128
4128/4128
3452/4128
1849/4128
706/4128
2082/4128
2912/4128
941/4128
234/4128
6/4128
35/4128
871/4128
1686/4128
1571/4128

91/871
66/4128

39/871
13/1686
14/1571
35/4128
19/1849

32/706

TABLE 1 Characteristics of the Lean European Open Survey
on SARS-CoV-2 (LEOSS) study population

%
0.7
4.2
8.4
9.5

15.6

17.7

15.6

19.9
8.1

57.0

42.9
17

18.0

20.7

11.2
6.9

415

83.6
44.8
17.1
50.4
70.5
22.8
57
0.1
0.9
211
40.8
38.1
10.4
1.6
4.5
0.8
0.9
0.9
1.0
4.5

Abbreviations: BMI, Body mass index; ECMO, Extracorporeal
membrane oxygenation; ICU, intensive care unit; n, Number.
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TABLE 2 Univariate analysis of patient and clinical characteristics of gastrointestinal (Gl) bleeding in Lean European Open Survey on

SARS-CoV-2 (LEOSS) study population

Characteristic Category 1 OR LB UB p-value

Age 56-65 — 2937 1232  7.002 0.015
66-75 —— 4487 1973 10207 0.000
76-85 — 4136 1.863 9.182 0.000
>85 = 5401 2.178 13.398 0.000
<55 (RG)

Gender Male Fl— 2,032 1.178  3.506 0.011

ICU admission  Yes L — 6.032 3.203 11.363  <0.001

Comorbidities Myocardial infarction 2363 1.061 5262 0.035
Chronic heart failure — 3.041 1598 5.788 0.001
Peripheral vascular disease 2,632 1.116  6.208 0.027
Cerebrovascular disease 1.762 0.83 3.742 0.14
Dementia 1.198 0.512 2.804 0.677
COPD 1.285  0.51 3.235 0.595
Asthma 1.347 0.484 3.753 0.568
Chronic pulmonary disease inf inf Inf -
Connective tissue disease inf inf Inf -
Peptic ulcer disease & 14679 6.556 32.867  <0.001
Chronic liver disease 1.872 0448 7.812 0.39
No damage diabetes 1.488 0.804 2.754 0.205
Hemiplegia 1.198 0.163 8.799 0.859
On dialysis — 3.828 1.614 9.082 0.002
Chronic kidney disease 1.996 1.110 3.589 0.021
Acute kidney injury I — 6.263 3491 11235  <0.001
With damage diabetes 2.325 1.135 4.764 0.021
Solid tumor 1.945 0915 4.134 0.084
Leukemia 3.355  0.792 14.212 0.1
Lymphoma inf inf Inf -
Liver cirrhosis 1.888 0.254 14.008 0.534
Solid tumor metastasis 3.034 1.077 8.548 0.036

Indexes
CCI 1.212 1132 1.297 <0.001
CSI ! 1.399 1.227 1.594 <0.001

0 5 10 15

Abbreviations: CCl, Charlson comorbidity Index; CSI, COVID-19 severity index; ICU, Intensive care unit; n, Number; inf, Infinity due to small number of

cases; LB, Lower bound; OR, Odds ratio; UB, Upper bound; RG, Reference group.

TABLE 3 Parsimonious multivariate regression model of gastrointestinal (Gl) bleeding risk factors in Lean European Open Survey on

SARS-CoV-2 (LEOSS) study population

Characteristic Category OR LB UB  p-value

Age 56-65 —.—— 2218 0.858 5.734 0.100
66-75 i — | 3.582 1474 8705 0.005
76-85 . 2983  1.223 7279 0.016
>85 ! = 6.005 2.214 16.289 0.000
<55 (RG) :

Sex Male | 2149 1.178 3.921 0.013

Comorbidities  Peptic ulcer disease \ ——— ®11.076 4.463 27.490 0.000
On dialysis ! = 4751 1374 16428 0.014
Acute kidney injury e 4165 2.113 8211 0.000
Solid tumor with metastases ™ ! 3.095  1.056 9.073 0.039

0 2 4 6 8 10 12

Abbreviations: LB, Lower bound; OR, Odds ratio; UB, Upper bound; RG, Reference group.
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the CSI between two examined groups, with a higher value in pa-
tients with Gl bleeding (3.26 (SD = 1.694) vs. 2.33 (SD = 1.527),
p < 0.001).

Coagulopathic laboratory parameters and its
influence on the bleeding

At baseline C-reactive protein (CRP) levels above 3 mg/L were
observed in 56.5% (n = 2333) of patients with available laboratory
values (Table S2 and S3). Over one fifth, 22.2% (n = 916) of the study
population had anemia (<12 g/dL) and further 57.3% (n = 2367)
platelet disorder (<119,999/uL). Prolongation of the activated partial
thromboplastin time (aPTT) was a seldom condition observed only in
5.2% (n = 214) of the examined patients, the International Normal-
ized Ratio (INR) was increased in 8.6% (n = 357) of cases. 2.4% of the
patients having increased INR level (>1.25) developed Gl bleeding
whereas this proportion in the control group was significantly lower
(1.0%; Table 4). Anemia was significantly associated with occurrence
of Gl bleeding. 2.3% of the patients with this coagulopathy developed
a bleeding, among patients without anemia it was observed only in
0.6% of cases. Furthermore, patients with prolongation of the aPTT
showed a noticeably higher rate of Gl bleedings in comparison to the
control group. However, this difference was marginally not significant
(2.5% vs. 1.2%, p = 0.77).

In the complicated phase of disease, the share of patients with
abnormal laboratory blood values was increased (Table 3). Thus, the
proportion of patients with CRP levels above 3 mg/L accounted for
89.2% (n = 1649), and with anemia for 45.1% (n = 833). Prolongation
of aPTT was observed in 15.8% (n = 292) of the cases and abnormal
INR in 20.1% (n = 372) of the patients.

In the patient group with anemia the proportion of Gl bleeding was
significantly higher in comparison to those with normal hemoglobin
levels (0.4% vs. 1.9%, p < 0.01; Table 4). This tendency applies also to
aPTT levels: Patients with longer aPTT developed Gl bleeding more
frequently. Patients in the critical phase exhibit higher proportions of
the abnormal blood values with a notably higher rate of patients with
anemia 71.8% (n = 507; Table S3). In the critical phase increased in-
testinal bleeding rates were associated with platelets disorders
(p = 0.034) and abnormal aPTT levels (p = 0.023; Table 4). Patients
having increased INR levels also showed a higher rate of Gl bleedings
(6.5% vs. 3.2%), however, this difference was not significant (p = 0.072).

Treatment in the complicated and critical phase

In the complicated phase the majority of patients received anti-
coagulation with low-molecular-weight heparin (LMH) 51.5%
(n = 953) or heparin 13.7% (n = 254), however, mostly prophylactic
doses. 17.5% (n = 324) of the patients in the complicated stage had
no anticoagulation at all (Table S4). In the complicated phase of the
disease, anticoagulation had no significant impact on the bleeding
rate (p = 0.361).

TABLE 4 Coagulopathic laboratory parameters and
occurrence of gastrointestinal (Gl) bleeding in Lean European
Open Survey on SARS-CoV-2 (LEOSS) study population

Normal Abnormal
Phase n/N % n/N %  p-value
Baseline INR 21/2036 10 8/333 24 0.035
GPT (ALT)  18/1741 10 8/562 14 0.447
GOT (AST)  14/1324 11 11/766 2.5 0.443
CRP 4/354 1.1 26/2208 12 0.938
Fibrinogen 5/431 12 9/468 1.9 0356
Platelets 4/269 1.5 25/2248 1.1 0.543
Hemoglobin 11/1731 0.6 20/866 2.3 0.001
aPTT 23/2138 11 5/200 25 0.077
AT I 2/169 12 2/118 17 0716
Complicated INR 10/1079 0.9 6/359 1.7 0.244
GPT (ALT) 5/607 12 11/890 0.8 0.446
GOT (AST) 9/611 15 6/798 0.8 0.191
CRP 0/47 0.0 18/1577 1.1 1.000
Fibrinogen 4/477 0.6 1/155 0.8 1.000
Platelets 16/1338 1.2 1/221 0.5 0494
Hemoglobin  3/795 04 15/796 1.9 0.007
aPTT 10/1079 0.7 6/359 2.5 0.009
AT Il 0/106 00 1/92 1.1 0465
Critical INR 9/277 32 20/309 65 0.072
GPT (ALT) 5/177 2.8 23/412 5.6 0.149

GOT (AST) 4/98 4.1 25/478 52 0.802
CRP 0/10 0.0 29/607 48 0.072

Fibrinogen 1/63 1.6 18/330 55 0.333

Platelets 16/445 3.6 11/139 7.9 0.034
Hemoglobin  5/134 3.7 22/467 4.7 0.629
aPTT 6/235 2.6 23/339 6.8 0.023
AT I 6/85 7.1 14/215 65 0.864

Abbreviations: ALT, Alanine transaminase; aPTT, Activated partial
thromboplastin time; AST, Aspartate transaminase; AT Ill, Antithrombin
Il; CRP, C-reactive protein; GOT, Glutamic oxaloacetic transaminase;
GPT, Glutamic pyruvic transaminase INR, International Normalized
Ratio; n/N, Number.

In the critical stage LMH remained the most used coagulation
method 44.6% (n = 315) followed by heparin 41.5% (n = 293). Similar
to the complicated phase both medications were administered in
prophylactic doses. 15.4% (n = 109) of the patients received no
anticoagulation despite the critical course of the disease. Due to
statistical analysis, the anticoagulation method had a significant ef-
fect on the bleeding rate (p = 0.029; Table 5). The highest rate was
observed in the patient group receiving Marcumar (16.7%, n = 1) and

the lowest proportion in patients receiving subtherapeutic dose of
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TABLE 5 Anticoagulation and occurrence of gastrointestinal (Gl) bleeding in Lean European Open Survey on SARS-CoV-2 (LEOSS) study

population
Complicated

Anticoagulation n/N % p-value
Prophylactic heparin/LMH 10/870 1.1 0.92
Therapeutic heparin/LMH 1/194 0.5 0.42
Subtherapeutic heparin/LMH 1/90 1.1 1.00
Marcumar 1/18 5.6 0.07
NOAC 0/128 0.0 0.19
Unknown 1/76 1.3 0.84
No anticoagulation 5/321 1.6 0.42
Total 0.361

Critical
n/N % p-value
7/270 2.6 0.02
14/161 8.7 0.01
0/36 0.0 0.16
1/6 16.7 0.19
3/35 8.6 0.32
3/25 12.0 0.11
4/103 3.9 0.55
0.03

Abbreviations: LMH, low-molecular-weight heparin; NOAC, New oral anticoagulants; n/N, Number.

heparin (0%, n = 0). However, post-hoc analysis revealed a significant
deviation in the group administered with therapeutic doses of hep-
arin or LMH (8.7%, n = 14) and prophylactic doses of heparin or LMH
(2.6%, n = 7).

Endoscopic findings from COKA registry

Thirty-one (2.5%) COVID-19 patients in the COKA registry devel-
oped a Gl bleeding (Table 6). Females were 38.7% and the mean age
was 75.45 (SD = 11.145). 51.6% (n = 16) of the patients showed Gl
bleeding upon hospitalization, 25.8% (n = 8) of bleeders were
managed in the ICU. 29.0% (n = 9) of patients with Hb-relevant
bleedings developed hematemesis and further 32.3% (n = 10)
melena as symptoms. The majority of bleeders 93.6% (n = 29) un-
derwent endoscopic procedure. The location of the Gl bleeding was
distributed as follows: 67.7% (n = 21) in the upper Gl tract, 9.7%
(n = 3) in the colon and rectum, and in 22.6% (n = 7) of cases the
origin of bleeding remained unknown. Twenty-five (80.6%) patients
were on anticoagulants, of which 25.8% (n = 8) were administrated
heparin or LMH and 16.1% received NOAC (n = 5). An equivalent
share received acetylsalicylic acid (ASA) 16.1% (n = 5), and seven
patients (22.6%) were administrated both, anticoagulation, and anti-
platelet agents. Eighteen (58.1%) patients received blood transfusion
and 5 (16.1%) patients required a re-intervention after their initial
bleeding. In 23 patients (74.2%), a reduction of hemoglobin by at

least 2 mg/dl was observed.

DISCUSSION

This study presents data on Gl bleeding and endoscopic findings in
COVID-19 patients based on LEOSS and COKA registries. This
multicenter cohort study provides information on epidemiological and
clinical characteristics of COVID-19 patients developing Gl bleeding.
Our LEOSS-cohort consisted of 4128 patients with confirmed

TABLE 6 Characteristics and outcomes of the Augsburg
cohort with corona virus disease 2019 (COVID-19) and
gastrointestinal (Gl) bleeding in COKA study population

Characteristic
Demographics

Sex

Male

Female

Age, years, mean (SD)
BMI, mean (SD)

CClI, mean (SD)

CSl, mean (SD)

Gl bleeding characteristics

Symptoms

ICU

Upon hospitalization

Hematemesis

Melena

Endoscopic findings

Endoscopy

Upper

Gastroesophageal reflux
Stomach ulcer

Forrest Il

Forrest lla

Duodenal ulcer

Forrest Il

Forrest lla

Forrest llb

Axial hiatus hernia

n/N

19/31

12/31

75.45 (11.145)
25.58 (4.256)
3.65 (2.43)
4.35 (1.603)

8/31
16/31

9/31
10/31

29/31
21/31
5/31
5/31
3/5
2/5
3/31
1/3
1/3
1/3
3/31

%

61.3
38.7

258
51.6

29.0

323

93.6

67.7

16.1
16.1

9.7

9.7

(Continues)
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TABLE 6 (Continued)

Characteristic n/N %
Angiectasia of inferior part of  1/31 3.2
duodenum
Erosive gastritis 1/31 3.2
Esophageal varices 2/31 6.5
Bleeding of foot point 1/31 3.2
anastomosis
Middle 0/31 0.0
Lower Ulcer in the sigmoid colon 1/31 3.2
Diverticular bleeding 2/31 6.5
Unknown 7/31 22.6

Anticoagulation upon bleeding

ASA 5/31 16.1
ASA + Heparin/LMH 6/31 19.4
Heparin/LMH 8/31 25.8
NOAC 5/31 16.1
Clopidogrel, ASA, LMH 1/31 3.2
No anticoagulation 6/31 19.4

Other bleeding relevant data

Steroid intake at baseline 2/31 6.5

Steroid intake at time of 5/31 16.1
bleeding

Blood transfusion 18/31 58.0

CT 2/31 6.5

Re-intervention 5/31 16.1

Hemoglobin reduction 23/31 74.2

by 2 mg/dl

Abbreviations: ASA, Acetylsalicylic acid; BMI, Body mass index; CClI,
Charlson comorbidity Index; CSI, COVID-19 severity index; ICU,
intensive care unit; LMH, low-molecular-weight heparin; NOAC, New
oral anticoagulants; n, Number.

COVID-19 diagnosis and available information on Gl bleeding
hospitalized at one of LEOSS study sites. Socio-demographics and
comorbidities of the examined cohort were comparable with previ-
ously published scientific manuscripts.?® Analysis of data from the
COKA registry focused primarily on endoscopic findings and gives an
overview on demographics, information on ICU admission, and infor-
mation about anticoagulation as well as other bleeding relevant data.

In the analysis of LEOSS registry, Gl bleeding occurring on
admission accounted for 0.9% which is equal to the Gl bleeding rate
shown in Trindade et al.'?> Nevertheless, the rate of Gl bleeders
across all considered LEOSS-phases accounted for 1.6%. In contrast,
in the American cohort of COVID-19 patients, the point prevalence
of bleeding was 3%.'? Notably, the difference in bleeding rate could
be explained by different source of information: The analysis of Tri-
nidade et al. is based on billing data while the present analysis is

based on LEOSS registry data which might be more accurate.

However, both data sources did not consider endoscopic findings. In
the COKA registry, the Gl bleeding rate verified by endoscopic ex-
amination was 2.5% lying between values reported by Trinidade et al.
and LEOSS. However, with only 1216 monocentric included patients,
data from the COKA registry is smaller than the other mentioned
study populations. Considering patients in the critical phase of the
disease, Gl bleedings appeared in 4.5% of cases which is similar to the
reported prevalence rate of 4.7% in non-COVID-19 patients by
Cook & Guyatt 2018.12 Furthermore, ICU admission was significantly
more often associated with increased risk of Gl bleeding in both
COVID-19 patients and non-COVID-19 patients.

Several factors are currently recognized as risk factors for severe
course of COVID-19 and occurrence of complications of many kinds.
The COVID-19 Severity Index is a predictive score for hospitalized
patients aiming at identification of high-risk patients based on
metabolic parameters,” while the Charlson comorbidity index is a
measure developed and validated to predict mortality risk and dis-
ease burden for use in longitudinal studies.’® However, several
recent publications prove a significant association of the CCl and
severe COVID-19 course and its poor outcome.?*?2 In the present
study both examined indexes were significantly higher in the group of
Gl bleeders in comparison to non-bleeders referring to an association
between this Gl complication and severe course of disease. A
detailed analysis of the comorbidities used to calculate the CCI
revealed a significant relationship with advanced age and chronic
illnesses related to the Gl tract, kidney disease and malignant tumors
to be risk factors for Gl bleeding in COVID-19 patients. These find-
ings are in line with previous reports showing age above 75 years and
history of chronic kidney disease or peptic ulcer disease to be asso-
ciated with an increased risk of Gl bleeding.2®"%°

It is well-known that COVID-19 leads to an increased risk of
thromboembolism in infected patients. Therefore, guidelines for
inpatient therapy of COVID-19 patients frequently recommend
medication-based prophylaxis of thromboembolism with anticoagu-
lants which might lead to an increased risk of Gl bleeding. However,
the relative importance of this risk has not been well studied yet. In
the present study, full dose of heparin/or low weight heparin in the
critical phase of disease was significantly associated with higher rate
of Gl bleeding, whereas patients with prophylactic dose developed Gl
bleeding significantly less frequent. This insight is in line with Qadeer
et al. reporting coagulation to predispose to this complication.2

The present study has notable strengths. Firstly, the data used
for analysis are from the LEOSS registry comprising patients with
confirmed COVID-19 diagnosis from different medical centers across
Europe. Secondly, the data includes relatively large number of Gl
bleeding events, which makes the findings more generalizable.
However, the study also has several limitations worth mentioning.
Firstly, as the data were taken from a registry, some variables show a
high proportion of missing data; a total of 2329 (36.1%) out of 6457
cases had to be excluded from the analysis. This is a major limitation
of our study. Secondly, the information of an endoscopic examination
of the Gl bleeders has not been obtained in the LEOSS registry.

However, this shortcoming could be partially compensated by detail
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examination of the Augsburg cohort of the COVID-19 patients
(COKA registry). Thirdly, the definition of Gl bleeding might vary
across health care centers included in the LEOSS registry. Fourthly,
the COKA data was collected only at one study site.

In conclusion, the data presented in this study suggest that the
incidence of Gl bleeding in COVID-19 patients does not differ
compared to non-COVID-19 patients in similar settings or in other
clinical scenarios. In critical stage of disease, being on therapeutic dose
of anticoagulation was associated with a significant increase the risk of
Gl bleeding.
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