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patients with COVID-19 undergoing
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ABSTRACT

Background Although evidence suggests frequent
gastrointestinal (Gl) involvement during coronavirus disease
2019 (COVID-19), endoscopic findings are scarcely reported.
Aims We aimed at registering endoscopic abnormalities
and potentially associated risk factors among patients with
COVID-19.

Methods All consecutive patients with COVID-19
undergoing endoscopy in 16 institutions from high-
prevalence regions were enrolled. Mann-Whitney U, xz or
Fisher’s exact test were used to compare patients with
major abnormalities to those with negative procedures,
and multivariate logistic regression to identify independent
predictors.

Results Between February and May 2020, during the first
pandemic outbreak with severely restricted endoscopy
activity, 114 endoscopies on 106 patients with COVID-19
were performed in 16 institutions (men=70.8%, median
age=68 (58—-74); 33% admitted in intensive care unit;
44.4% reporting Gl symptoms). 66.7% endoscopies

were urgent, mainly for overt Gl bleeding. 52 (45.6%)
patients had major abnormalities, whereas 13 bled

from previous conditions. The most prevalent upper Gl
abnormalities were ulcers (25.3%), erosive/ulcerative
gastro-duodenopathy (16.1%) and petechial/haemorrhagic
gastropathy (9.2%). Among lower Gl endoscopies, 33.3%
showed an ischaemic-like colitis.

Receiver operating curve analysis identified D-dimers
>1850ng/mL as predicting major abnormalities. Only
D-dimers >1850ng/mL (OR=12.12 (1.69-86.87)) and
presence of Gl symptoms (OR=6.17 (1.13-33.67)) were
independently associated with major abnormalities at
multivariate analysis.

What is already known about this subject?

» Gastrointestinal (Gl) symptoms are found in more
than 10% of patients with COVID-19.

» SARS-CoV-2 RNA is isolated in more than 40% of
faecal samples of patients with COVID-19.

» The ACE-2 receptor is highly expressed in the Gl
tract.

» Evidence on endoscopic findings in COVID-19 is lim-
ited to sporadic case report or series.

What are the new findings?

» Inaninternational prospective endoscopy registry of
patients with COVID-19 requiring urgent endoscopy,
almost half were found to have an acute major Gl
mucosal injury.

» In this highly selected population, erosive/ulcerative
damage was the most prevalent endoscopic abnor-
mality and an ischaemic-like colopathy was com-
monly (33.3%) observed.

Conclusion In this highly selected cohort of hospitalised
patients with COVID-19 requiring endoscopy, almost half
showed acute mucosal injuries and more than one-third
of lower Gl endoscopies had features of ischaemic colitis.
Among the hospitalisation-related and patient-related
variables evaluated in this study, D-dimers above 1850
ng/mL was the most useful at predicting major mucosal
abnormalities at endoscopy.

Trial registration number ClinicalTrial.gov (ID:
NCT04318366).
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How might it impact on clinical practice in the foreseeable

future?

» Studies with greater inclusion of hospitalised and community-based
patients with COVID-19 are needed to accurately determine the
prevalence of gastrointestinal pathologies during active infection.

» More thorough clinical and translational investigation is needed to
elucidate an eventual ischaemic aetiopathogenesis of COVID-19
gastrointestinal involvement, potentially carrying relevant thera-
peutic or preventive implications.

INTRODUCTION

Despite being primarily a respiratory disease, coronavirus
disease 2019 (COVID-19), caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), can
present with a wide spectrum of clinical manifestations
and has been associated with extrapulmonary tropism
and organ dysfunction'™

Gastrointestinal (GI) symptoms have been recorded
in more than 10% of affected patients,"® with only a
fraction explainable by a systemic illness or the hospi-
talisation itself, while a quota of patients with COVID-19
presents GI symptoms without or before the onset of
respiratory manifestations.’ ” This is not surprising, as
the ACE-2 receptor, by which the SARS-CoV-2 invades
cells, has been demonstrated to be abundantly expressed
in the stomach, small intestine and rectum with a rela-
tively higher intestinal expression with respect to other
tissues.’ >

Indeed, SARS-CoV-2 can been detected in faecal
samples of more than 40% of patients with COVID-19,
and a faecal-oral transmission has been hypothesised
alongside the more common respiratory spread through
droplets.'" * For these reasons, all major endoscopy
scientific societies recommended high-level protection
measures during upper and lower GI endoscopic proce-
dures in patients who are COVID-19 positive or in areas
with high disease prevalence.'*

Evidence on endoscopic findings in patients with
COVID-19 is limited to sporadic case report or series,”
describing non-specific findings, and suggesting that the
virus directly damages GI mucosal surfaces.'®

In addition, increasing evidence has been suggesting
that vascular changes might be a distinctive feature of
COVID-19" and that systemic endothelial damage and
consequent disseminated microvascular thrombosis
mightactas a primer for many organs’ damage, including
the pulmonary one (the ‘microvascular thromboinflam-
matory syndrome’ theory).! ** It is therefore tempting
to hypothesise that such ischaemic damage might also
occur in the GI tract.

The present multicentre study was therefore aimed at
(1) systematically describing GI findings during endo-
scopic examination of patients with SARS-CoV-2 infection
and (2) investigating factors associated with GI injury to
gain more knowledge on its pathogenesis.

METHODS

Study design and criteria for inclusion

We planned a multicentre cross-sectional study to record
endoscopic findings among all consecutive patients
who are SARS-CoV-2 positive undergoing any GI endo-
scopic examination in 16 centres in high-incidence
areas (online supplemental table 1 for centres and rela-
tive case contributions) during the pandemic phase
(February — May 2020). In this phase, representing
the first pandemic wave, access to endoscopy exams
was severely restricted, and elective procedures were
postponed.'*"?

Endoscopic examinations were includible if performed
on an adult patient with confirmed SARS-CoV-2 infec-
tion,21 before an eventual negative testindicating recovery
with viral elimination (online supplemental statement 1
for full inclusion criteria).

Variables and outcomes

Trained investigators at each participating centre
completed a case report form (CRF; online supple-
mental figure 1) assessing several patientrelated and
hospitalisation-related variables (online supplemental
statement 2) relevant in the COVID-19 scenario.?*™!
Overall mortality was registered.

Endoscopy findings were recorded according with
the Minimal Standard Terminology (MST) for gastroin-
testinal endoscopy published by the World Endoscopy
Organization25 (online supplemental figure 1); histo-
pathology was recorded when performed as clinically
indicated.

All possible abnormalities as identified by the MST were
a priori categorised as: chronic/acute-on-chronic (AoC)/
minor/major as detailed in online supplemental table
2. AoC abnormalities mainly included bleeding from
known chronic diseases, such as oesophageal varices in
patients with cirrhosis, and were excluded from the risk
factors analysis due to the chronic nature and the specific
background fragility.

CRFs data extraction and categorisation of endoscopic
findings were blindly assessed by two experienced endos-
copists, with disagreements resolved by the opinion of a
third one.

Consistent with the extensive classification according
to MST, endoscopists performing the procedure were
asked to indicate a final interpretation of endoscopic
abnormalities based on patterns and distribution® (local
assessment). Extensive findings, local interpretation
and histology (when available) were used for deciding
an overall diagnosis at the moment of data extraction
(central assessment). Multiple findings were allowed per
each examination. The ‘most severe’ finding was used
to categorise each single examination according to the
aforementioned criteria.

The study protocol conforms to the Declaration of
Helsinki and informed consent was obtained from each
patient.
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Statistical analysis

Data are reported as frequency (proportions) for cate-
gorical variables. Data are reported as median (IQR)
for continuous variables after normal distribution was
excluded by the D'Agostino-Pearson test.

A receiver operating curve (ROC) analysis was
performed for D-dimer values and platelet counts to
identify the best threshold able to discriminate between
patients with major abnormalities and patients with minor,
chronic or no abnormalities (‘negative’ endoscopies).
Area under the curve (AUC) and p value are reported
for the ROC analysis together with sensitivity, specificity,
positive and negative likelihood ratios (+LRand —-LR) for
the identified cut-off.

Patients with major abnormalities detected were
compared with patients with ‘negative’ endoscopies. A
Mann-Whitney U test was used for continuous variables.
A y? test was used for categorical variables, except in
cases where total number of observations was <20 or at
least one expected value was <band a Fisher’s exact test
was adopted. Variables demonstrating significant differ-
ences at univariate analysis were included in a multivar-
iate logistic regression model, using an ‘enter’ method,
with a p-to-enter<0.05and a p-to-stay<0.1. Categorisation
of variables is reported in online supplemental statement
3. Results are expressed as OR and 95% CI, adjusted for
age, sex and pre-admission ASA (AmericanSociety of
Anesthesiologists) score. P<0.05 (two-tailed) was consid-
ered statistically significant. Due to the exploratory
nature of the study, no correction for multiple testing was
performed.

MedCalc Statistical Software (Ostend, Belgium) was
used for statistical analysis.

RESULTS

Patients

In 16 centres (based in Italy, Belgium, Spain, Greece, UK,
Brasil and USA), admitting almost 17.000 patients with
SARS-CoV-2, 114 endoscopies were performed between
20™ February 2020 and 8™ May 2020 on 106 patients.

Patients features are detailed in table 1; 75 (70.8%)
were men, median age was 68 (58-74) years; the most
frequent comorbidities were hypertension (52.4%) and
diabetes (21.9%).

Sixty-seven per cent of the patients were admitted in
non-intensive care unit settings (NIU) and 33% were
in intensive care unit (ICU) for invasive ventilation
management. No patient in this cohort was managed as
outpatient.

After excluding 16 patients admitted with other under-
lying symptomatic abdominal diseases (eg, acute pancre-
atitis, cholecystitis), 55.6% of the remaining patients were
free of GI symptoms, while the prevalence of abdom-
inal pain, nausea, diarrhoea, vomiting and anorexia
was respectively 27.8%, 16%, 15.6%, 14.4% and 11.1%
(table 1).

Table 1 Demographics and clinical features of the study
population

Characteristic n=106

Male, n (%) 75 (70.8%)
Age, years (IQR) 68 (58-74)
Ethnicity

Non-Hispanic White

Hispanic

Black/African-American
Pre-admission ASA score

1

2

3

4
Comorbidities

Hypertension

Diabetes

Ischaemic cardiomyopathy

CKD

Obesity

COPD

Atrial fibrillation

Active cancer

Cirrhosis
Reason for admission

COVID-19 related

Other (incidental SARS-CoV-2 diagnosis)
COVID respiratory disease
Gl symptoms

None

At least one symptomt

Abdominal pain

Nausea

Diarrhoea

Vomiting

Anorexia

Hospital regimen

Intensive care unit, with invasive ventilation

Subintensive care
Relevant therapy during admission
Antibiotics/antimicotic
Anticoagulation
Antivirals
Hydroxychloroquine
Biological therapy
Steroids

102 (96.2%)
2 (1.9%)
2 (1.9%)

11 (10.4%)
38 (35.8%)
52 (49.1%)
5 (4.7%)

55/105 (52.4%)
23/105 (21.9%)
17/105 (16.2%)
15/105 (14.3%)
12/105 (11.4%)
11/105 (10.5%)
10/105 (9.5%)
9/105 (8.6%)

9/105 (8.6%)

72 (67.9%)
34 (32.1%)
86 (81.1%)
n=90*

50 (55.6%)
40 (44.4%)
25 (27.8%)
16 (17.8%)
14 (15.6%)
13 (14.4%)
10 (11.1%)

35 (33%)
71 (67%)

90/101 (89.1%)
46/84 (54.8%)
45/98 (45.9%)
41/99 (41.4%)
15/97 (15.5%)
28/100 (28%)

*Excluding patients with symptoms related to other known abdominal

diseases.
TMore than one symptom admittible.

ASA, American Society of Anesthesiologists; CKD, chronic kidney
disease; COPD, chronic obstructive pulmonary disease; G,

gastrointestinal.
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Open access

Endoscopic examinations

Reasons for performing the endoscopic procedures are
detailed in online supplemental table 3, with 66.7%
of exams being performed in an urgent setting, most
frequently (55.3%) due to overt GI bleeding.

AoC abnormality, while 12.3%, 3.5% and 27.2% were
diagnosed with minor, chronic or no abnormality, respec-
tively (online supplemental table 3).
Detailed endoscopic findings are reported in table 2.
Among upper GI (UGI) endoscopies, the most prev-

alent abnormalities were ulcers (25.3%; of which 50%
actively bleeding and 13.6% with signs of recent bleeding;
see figure 1), erosive/ulcerative diffuse damage (16.1%)

According to the aforementioned classification of the
endoscopic findings, 52 (45.6%) patients were diagnosed
with major abnormalities, 13 (11.4%) of patients with an

Upper Gl examinations n=87 Lower Gl examinations n=27

Major findings Major findings

Los Angeles A/B oesophagitis 4 Diffuse 3

Petechial/haemorrhagic gastropathy 8 (9.2%) Lower bleeding w/o other abnormalities 3(11.1%)

Gastric 8 Unspecific left colon erythema 2 (7.4%)

Antro-duodenal 2 Segmental colitis associated with diverticulosis 3 (11.1%)

Ulcers 22 (25.3%) Haemorrhoids 13.7%)

Forrest Il (non-bleeding) 6 Ulcerative inflammatory colitis 1(3.7%)

Forrest la/b (oozing/spurting) 4 Bleeding angioectasia 2 (7.4%)

Forrest llb (visible clot) 2

Oesophageal (non-bleeding) 2

Minor findings

Erythematous/oedematous duodenopathy 6 (6.9%)

2 (2.3%)

Oesophageal candidiasis

Gastric antral vascular ectasia 3 (3.5%)

Oesophageal varices 5 (5.9%)

Angioectasia 1(1.2%)

Oozing oesophageal varices 3 (3.4%)

Oozing hypertensive duodenopathy 1(1.2%)

GAVE, gastric antral vascular ectasia; Gl, gastrointestinal; w/o, without.

=
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Figure 1 Upper Gl tract. A patient admitted in intensive
care unit underwent upper Gl endoscopy on day 15 after
admission for haematemesis. Digested blood was found
in the stomach and duodenum, together with a superficial
ulcer with irregular margins with flat pigmentation (lic
according to Forrest classification) in the lesser curvature,
on a pale and dystrophic background mucosa (A,B). In the
second duodenal portion, small ulcers were found on an
atrophic background mucosa (C). Histology of the ulcer
showed ischaemic damage with sporadic endocapillary
microthrombi. Gl,gastrointestinal.

and petechial/haemorrhagic gastropathy (9.2%); see
figure 2. Of note, one case consistent with acute oesoph-
ageal necrosis or ‘black oesophagus’ associated with a
haemorrhagic gastropathy was also recorded.

Only one enteroscopy was performed: a 75 years old
patient without medical history or chronic therapy under-
went a CT scan for persistent abdominal pain, showing
thickened jejunal walls; enteroscopy showed multiple
erosions and ulcers (see figure 3), whose histology
reported acute inflammation, ulcerations and granula-
tion tissue, with abundant eosinophils and shortening of
villi, without definite aetiology (all cultural exams nega-
tive including immunohistochemistry for Cytomegalo-
virus and PCR for SARS-CoV-2).

Among lower GI (LGI) endoscopies, 33.3% were found
to have an ischaemic-like colonic damage (see figure 4),
in one case graded as severe due to colonic necrosis (see
figure 5).

The rate of major findings was similar between lower
and upper Gl tract endoscopies, while ‘negative’ exam-
inations were less prevalent in the lower tract, where AoC
abnormalities were reported more frequently (p=0.02
(online supplemental table 4)).

Figure 2 Gastroduodenal damage in a patient undergoing
upper Gl endoscopy for melena after being admitted

for COVID-19. Gastroscopy showed diffuse erythema,
antral erosions and one non-bleeding prepyloric ulcer

(A). In the bulb a dystrophic mucosa showed diffuse
congestion, petechiae (submucosal haemorrhages) and a
blackish appearance of some disepithelialised areas (B).
Gl,gastrointestinal

Figure 3 Small intestine. A patient without medical history
or chronic therapy, admitted in a non-intensive ward,
underwent a CT scan for persistent abdominal pain, showing
thickened jejunal walls; enteroscopy performed 44 days
after admission showed multiple erosions and ulcers on a
background atrophic mucosa with shortened villi. Histology
reported acute inflammation, ulcerations and granulation
tissue, with abundant eosinophils, without definite aetiology
(all cultural exams negative including immunohistochemistry
for Cytomegalovirus and PCR for SARS-CoV-2).

Time to endoscopy from COVID-19 onset and hospital
admission are reported in online supplemental table 4;
while there was no significant difference in the prevalence
of findings according to admission-to-endoscopy time,
examinations executed within 7days from COVID-19
onset had a 67.9% prevalence of major findings whereas
this rate was 45.2% in those executed afterwards (p=0.04).

A

; p ] “
A

Figure 4 Colon. Endoscopy appearance of ischaemic-

like colopathy. (A,B) An elderly patient was admitted with
diarrhoea and COVID-19 pneumonia in a non-intensive
ward. Five days after admission he underwent a colonoscopy
showing friable mucosa with ulcers and pseudomembranes
in the sigmoid and descending colon (B); the pathognomonic
‘single stripe’ sign (a linear ulcer extending longitudinally
along the antimesenteric bowel wall) was visible in the
sigmoid (A). Histology was compatible with ischaemic
damage. (C,D) A patient without relevant comorbidities

or chronic therapy, underwent a colonoscopy for bloody
diarrhoea 30 days after intensive care unit admission.
Colonoscopy found petechiae, oedema and easily friable
mucosa (C) with small erosions (D) with a patchy and
segmental distribution in the left ‘watershed’ area (sigmoid).
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s/ 0 2/
Figure 5 An elderly hospitalised patient with COVID-19
with diabetes, kidney failure and atrial fibrillation underwent
urgent proctosigmoidoscopy for rectal bleeding. Endoscopy
was interrupted due to the presence of abundant coagulated
blood. Rinsing of clots showed a fragile, dusky, cyanotic
and black mucosa with severe ulcerations, compatible with
severe ischaemic/necrotic colitis.

Histopathology
Samples for histology were obtained in 12 patients
(10.5%).

Of the five biopsies on gastric ulcers, one was found to
be gastric adenocarcinoma, two erosive chronic inflam-
mation, one Helicobacter pylorirelated active gastritis
and one ischaemic damage with sporadic endocapillary
microthrombi (see figure 1).

Of the six biopsies on erosive/ulcerated colonic mucosa,
one was found with an active phase of a known inflamma-
tory bowel disease (ulcerative colitis), while of the remaining
five, four were found with aspects of coagulative necrosis,
microhaemorrhages, microthrombi and vascular conges-
tion, suggesting an ischaemic colitis and two with an erosed
epithelium with a non-specific increase in inflammatory infil-
trate (with endoscopy suggesting an ischaemic-like damage).
In one case with histology consistent with ischaemic colitis,
COVID-19 could be identified at immunohistochemistry
(see figure 6). Of note, among the histologically confirmed
cases of ischaemic colitis, were a 45-year-old woman and a
77year-old man without previous known comorbidities (ASA
1) or chronic therapy.

Association hetween clinical variables and endoscopic
findings

ROC curve analysis identified a D-dimers value above 1850
ng/mL as the best discriminating thresholds to predict
a higher probability of detection of a major abnormality
(AUC=0.6, p=0.08; sensitivity=51.3%; specificity=77.4%;
+LR=2.3,-LR=0.6; online supplemental figure 2). ROC curve
analysis for platelet count did not find a sufficiently accurate
threshold (AUC=0.5, p=0.5) and therefore we continued to
report this variable as continuous.

Comparing procedures showing major abnormalities to
‘negative’ examinations (table 3), there was a higher prev-
alence of male sex (80.8% vs 65.3%, p=0.08). No difference
was noticed for pre-admission ASA score. Prevalence of atrial
fibrillation was significantly lower among patients with major
abnormalities (3.8% vs 16.7%, p=0.05). No difference was
found for chronic non-steroidal anti-inflammatory drugs
use, even when focusing on UGI endoscopies only, as well as

\ .,.e : :
..‘sM"fs. BARF gy TAd

Figure 6 A middle-age patient, with a history of
dyslipidaemia, was admitted following an episode of
abdominal discomfort, rectal blood loss and a vasovagal
syncope. On admission COVID-19-screening came back
positive. Subsequent flexible sigmoidoscopy revealed
unilateral ulcerations in the left colon with rectal sparing

(A, B). Histopathology showed patchy atrophic changes,
mucus depletion, signs of regeneration and infiltration by
polymorphonuclear neutrophils, typical for an ischaemia-type
colitis. COVID-19-antibody-staining was positive on various
enterocytes (C, D arrows).

in the prevalence of Helicobacter pylori in the available histo-
logical samples (1/5 vs 1/4 respectively).

D-dimers>1850ng/mL DDU were found in 48.6% of
patients with major abnormalities versus 22.6% of ‘negative’
procedures (p=0.03).

Patients with major abnormalities reported more
frequently at least one GI symptom (53.1% vs 30%, p=0.03,
especially abdominal pain (p=0.07) and diarrhoea (p=0.13)).

No difference was detected in the rate of patients with
or without COVID-19 respiratory involvement or admitted
in the ICU versus NIU. A higher rate of biological therapy
(22.9% vs 7%, p=0.04, mainly tocilizumab and anakinra) and
antiviral (56.2% vs 34.1%, p=0.03; mainly INN-lopinavir/
ritonavir and remdesivir) during admission was recorded
among patients with major findings.

At univariate analysis atrial fibrillation (OR=0.2 (0.04—
0.99)), a D-dimer >1850ng/mL DDU (OR=3.25 (1.13-
9.38)), presence of GI symptoms (OR=2.64 (1.10-6.35)),
antiviral therapy (OR=2.49 (1.07-5.79)) and biological
therapy (OR=3.96 (1.03-15.33)) were associated with the
risk of a major finding.

Comparisons of procedures showing major versus AoC
findings are shown in online supplemental table 5.

Multivariate logistic regression

At multivariate analysis (see online supplemental table
6), D-dimers value >1850ng/mL DDU (OR=12.12 (1.69-
86.87)) and presence of at least one GI symptom (OR=6.17
(1.13-33.67)) were independently associated with major
endoscopic abnormalities, in a model adjusted for age, sex
and pre-admission ASA score.
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Major abnormalities Univariate analysis
Characteristics n=52 ‘Negative’ procedures n=49 P value OR (95% CI)

Median age, years (IQR) 71 (62.5-79) 68 (57.5-72.3) 0.11

ASA 1 6 (11.5%) 5(10.2%)

ASA 3 24 (46.2%) 23 (46.9%)

Comorbidities

Diabetes, n (%) 8 (15.4%) 12 (25%) 0.23

Atrial fibrillation, n (%) 2 (3.8%) 8 (16.7%) 0.05 0.2 (0.04 to 0.99)

Cirrhosis 2 (3.9%) 3 (6.2%) 0.67

COPD/asthma 7 (13.5%) 5(10.4%) 0.76

Antiplatelet at admission 17 (32.7%) 11 (22.9%) 0.38

UGI endoscopies only 12/37 (32.4%) 4/27 (14.8%) 0.15

Median D-dimer, ng/mL DDU (IQR)* 2149 (567.8-3522.5) 780 (508.3-1762.5) 0.09

Median platelet count, n x 10%L (IQR)* 231 (177.5-304.8) 275.5 (148.5-349.5) 0.52

Any Gl symptom 26 (53.1%) 12 (30%) 0.03 2.64 (1.10 to 6.35)

Abdominal pain 17 (34.7%) 7 (17.5%) 0.07

Diarrhoea 10 (20.4%) 3 (7.5%) 0.13

COVID respiratory disease 42 (80.8%) 42 (85.7%) 0.51

Intensive care unit, n (%) 18 (34.6%) 16 (32.7%)

Treatments during admission

Antiviral 27/48 (56.2%) 15/44 (34.1%) 0.03 2.49 (1.07 to 5.79)

Biologic therapy 11/48 (22.9%) 3/43 (7%) 0.04 3.96 (1.03 to 15.33)

Steroids 15/50 (30%) 13/45 (28.9%) 0.90

*Among patients with available information.
ASA, American Society of Anesthesiologists; CKD, Chronic Kidney Disease; COPD, Chronic obstructive pulmonary disease; NSAIDS,
Nonsteroidal anti-inflammatory drug; UG/, Upper Gastrointestinal.
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Association between Gl findings and prognosis

Twenty-three patients (21.7%) deceased during admission
after a median of 15 (6-22) days from endoscopy. Excluding
patients with AoC findings for their background fragility
(mortality rate=38.5%), mortality among patients with major
findings versus those with ‘negative’ procedure was 23.5% vs
14.3%, p=0.3.

DISCUSSION

In this multicentre cross-sectional study including all consec-
utive patients with COVID-19 requiring endoscopy in 16
centres in high-incidence areas during the first pandemic
phase, almost half were found with acute mucosal injuries.
Many of these findings were found early during admission
and did not seem to be related to prolonged hospitalisation.
None of the hospitalisation-related or patientrelated vari-
ables registered in our cohort were associated with this risk,
as opposed to elevated D-dimer values and GI symptoms.

While initial reports on COVID-19 have understand-
ably focused on respiratory illness, more than 10%*° of
patients have been observed to self-report at least one
digestive symptom at admission, even without or before
the onset of respiratory manifestations;” ’ SARS-CoV-2
can be detected in faecal samples of most patients with
COVID-19" ' #" and even in stools of patients recov-
ered from infection during convalescence.” Despite this
increasing awareness of GI involvement and the potential
risk carried by GI endoscopy,” evidence on endoscopic
findings in patients with COVID-19 is extremely limited."”

In one series of only six cases of patients with COVID-19
with GI symptoms undergoing endoscopy, oesophageal
bleeding with erosions and ulcers were described in one
patient although SARS-CoV-2 RNA was detected in most
patients either in the stomach, duodenum or rectum
specimens.9 29

While drafting this manuscript, an Italian retrospec-
tive series of endoscopic evaluation on patients with
COVID-19 has been published.” The authors found a GI
mucosal damage in 75% of patients, with a 20% preva-
lence of histologically confirmed ischaemic colitis. Those
results are partially in line with those reported in our
paper, which likely represents a less biased evaluation due
to the prospective enrolmentand the inclusion of patients
from international centres in different high-prevalence
geographical areas. Moreover, the larger sample size
and the prospective enrolment have permitted the real-
time assessment of several confounders and, therefore,
the possibility of inferences on possible etiopathogenic
mechanisms of GI injury.

In an Italian cohort of almost 5000 patients with
COVID-19, 23 presented UGI bleeding (0.47%), of
whom half were investigated with UGI endoscopy, with
peptic ulcer as the most prevalent finding.”'

Expressed by intestinal epithelium, ACE-2 acts as
a viral entry receptor and is furthermore involved in
regulating intestinal inflammation and secretions,
possibly explaining why GI symptoms are frequently

described.®®*'"* The distribution of the ACE-2 receptor,
however, may also point toward indirect mechanisms of
GI involvement. Indeed, ACE-2 receptor is expressed in
endothelial cells™ that can be infected with consequent
microvascular damage leading to vasoconstriction and
propagation of microthrombi leading to ischaemia.” It
has indeed been shown that severe endothelial injury,
thrombotic microangiopathy and angiogenesis pecu-
liarly distinguishes COVID-19 lung pathology from that
of equally severe influenza virus infections."” Moreover,
viral invasion incites an anti-viral inflammatory response
which eventually results in clinical deterioration (through
the so-called ‘cytokine storm’). This extreme inflamma-
tory response, the ischaemic damage and the imbalance
towards a procoagulant environment can potentially
affect almost every organ and may explain the broad
spectrum of clinical features of this disease.” ** Further-
more it has been clearly demonstrated that increased
D-dimer levels, reduced platelet count and prolonged
prothrombin time, indicating a consumption coagu-
lopathy, are associated with increased mortality among
patients with COVID-19. This likely also explains why
anticoagulant regimens seem to be protective® **
although the reasons for these associations are yet to be
fully clarified. Besides direct viral invasion and the cyto-
kine storm, liver dysfunction or virus-induced antiphos-
pholipid antibodies are possible additional pathogenic
events.”* COVID-19-associated damage in the Gl-tract
might either be specific or secondary to microvascular
impairment affecting intestinal perfusion. Notably, in
patients with COVID-19, active diarrhoea has been associ-
ated with intestinal inflammation (through faecal calpro-
tectin) and systemic interleukin-6 response, but not with
RNA detection in stool.”” Endothelitis of submucosal
vessels in patients with small instestine ischaemia has
been reported at histopathological analysis after bowel
resection.”

We therefore hypothesised that endoscopic abnormal-
ities in the upper and lower GI tract might be observed
in a sizeable part of patients with COVID-19 possibly
through ischaemic damage.

In this highly selected cohort of patients with
COVID-19 requiring endoscopy during a restricted endo-
scopic practice, we found that almost half of patients
had a major abnormality. This category included severe
mucosal damage, namely ulcerative or bleeding condi-
tions not attributed to pre-existing conditions. Among
UGI endoscopies, 10% reported a petechial/haemor-
rhagic gastropathy, with almost 30% showing gastrodu-
odenal ulcers (63.6% actively or recently bleeding) and
15% with diffuse erosive damage. Among LGI endosco-
pies, one-third was found with an ischaemic-like colop-
athy and 10% with acute bleeding of undetected origin.
This high prevalence of mucosal injury must be read in
light of the likely selection of the most severe patients,
as only a small fraction (<1%) of admitted patients with
SARS-CoV-2 have been endoscopically investigated in an
era in which deferral of elective procedures has led to
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Figure 7 Colonoscopy of a young patient performed for
persisting diarrhoea 2 months after being discharged from

a COVID-19 ward. In the rectum, a fragile and dystrophic
mucosa with diffuse petechiae was seen (A, B). The mucosa
of the distal sigmoid colon appeared severely oedematous,
congested, with diffuse aphthous erosions (C, D). Histology
of the whole colon showed intense lymphocytic and
granulomatous infiltration.

extreme contraction of endoscopy volumes.””" Of note,
severe oedema, congestion, petechiae and aphthous
erosions were also found in one patient recovered from
COVID-19 infection, undergoing elective colonoscopy
due to persistent diarrhoea (see figure 7).

As for the lower tract, agreement for the interpreta-
tion of abnormalities as ‘ischaemic-like’ is usually higher
among expert endoscopists due to typical findings and
distribution.?® Moreover, this hypothesis was histologi-
cally confirmed in 80% of suspected cases in which biop-
sies were taken.

Conversely, despite UGI damage reported in our
series are compatible with reports of GI mucosal injuries
among patients with critical illness,” for which hypoper-
fusion is the major underlying mechanism,” unequivocal
interpretation into a pathognomonic condition is less
widely accepted and we preferred a descriptive report.
As some of these endoscopic abnormalities might be
theoretically due to drug-induced damage or to intensive
care admission per se,'” * we included these variables in
the multivariate logistic regression analysis but could not
demonstrate any role for pre-existing frailty, in-hospital
treatments or intensity of care. On the other hand, the
presence of GI symptoms, which may represent a conse-
quence, instead of a risk factor, and increased D-dimer
values were associated with an increased risk of acute
major findings. D-dimers are a product of fibrin degrada-
tion, and a sensitive biomarker of activation of coagulative
cascades and elevated values have been ascertained as an
independent biomarker for poor prognosis (increased
severity and mortality) in patients with COVID-19.%

The present findings are also in line with preliminary
reports of radiological findings in patients with COVID-
19.” In one series of hospitalised patients undergoing
crosssectional imaging™ 81% of patients undergoing
CT-scan were found with bowel wall thickening, and
20% with pneumatosis or portal venous gas, indicating a
mesenteric ischaemia, which was also detectable macro-
scopically and/or histologically in patients needing
surgery.

This study has several limitations.

First of all, as already discussed, the study period
included the first pandemic outbreak, during which
access to endoscopy was severely restricted.'”™” Indeed,
patient with COVID-19 included in this study were <1%
of admitted patients with SARS-CoV-2 in the included
institutions, therefore representing a specific subset of
more ‘severe’ patients in which endoscopy was deemed
urgent or not deferrable. All the findings and inferences
must therefore be read in light of this significant selec-
tion bias.

Second, due to many procedures being urgent or
performed to exclude or treat a GI bleeding, histological
samples were taken in only a minority of cases.

Third, COVID-19 severity is not optimally evaluated in
this study. An increasing body of evidence has nowadays
shown that multiple demographic (age, sex, smoking
status, comorbidities), clinical (blood pressure, hypox-
aemia, tachycardia, etc) and biochemical (procalci-
tonin, C-reactive protein, aspartate aminotransferase,
lactate, creatinine, white blood cells count, etc) variables
can help in predict the disease course and prognosis of
COVID-19.""* Unfortunately, this study was designed
as a prospective collection at the very beginning of the
first pandemic wave, and therefore only few potentially
relevant factors could be registered as indicators of a
possible diseases severity.”” *® Furthermore, the discrim-
inating value of D-dimers in our series is suboptimal
(AUC=0.619) and the obtained threshold is inadequate
to be used as a single diagnostic test.

Fourth, most of patients found with an ischaemic-like
injury, could not undergo a comprehensive and thor-
ough evaluation of eventual concomitant risk factors (eg,
through CT angiography), this questioning the causal
role of SARS-CoV-2 infection in these events.

Fifth, despite this cohort present the results of a multi-
centre collaboration, 59% of included examinations
came from one single country (Italy) and therefore
might not be reproducible in a different case mix.

For all the above mentioned reasons, our results must
be read as descriptive and exploratory, without having
the power to confirm an association between SARS-CoV-2
infection and ischaemic GI tract injury. However, our
report of ischaemic phenomena even in patients without
previous comorbidities, the impossibility to demonstrate
a role for pre-existing frailty or intensity of care in these
events and the fact that endothelial injury has been
described as a peculiar characteristic of SARS-CoV-2 infec-
tion," at least highlights the possibility that in a subset of
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patients with COVID-19, gastrointestinal ischaemic injury
can happen in the absence of common risk factors.

Finally, since the study was conceived as an endoscopic
registry and lacks long-term follow-up, it is underpow-
ered to prove a prognostic relevance of these findings.
However, our preliminary data on D-dimers suggest the
hypothesis that gastrointestinal damage might reflect a
systemic pro-coagulative status, which is associated with
a worse prognosis.** Moreover, clinical GI involvement
in patients with COVID-19 has already been reported to
carry a prognostic relevance, with patients with GI symp-
toms experiencing more severe clinical outbreaks and
higher need for intensive treatments.* ** Considering the
high rate of symptomatic patients in our selected cohort
(40% vs an average reported prevalence of 15%)* and
symptoms being an independent predictor of acute find-
ings in our regression analysis, it is tempting to speculate
that an endoscopically detected damage might reflect a
more aggressive disease course, associated with a worse
prognosis.

Despite all these limitations, to the best of our knowl-
edge, this is the first international multicentre experience
describing endoscopy findings in a relatively large cohort
of patients with COVID-19, increasing knowledge on sites
and patterns of GI tract involvement. The prospective
nature of the registry reassures about the inclusion of all
consecutive procedures relevant for the study aim.

In parallel, the study speculates the hypothesis of a
systemic inflammatory and pro-coagulative environment
as the primer for gastrointestinal injury, deserving further
exploration through less selected cohorts, autoptic series
and more thorough clinical and translational investi-
gation, since an eventual ischaemic aetiopathogenesis
of COVID-19 gastrointestinal involvement potentially
carries relevant therapeutic and preventive implications.
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