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Abstract
Background  The coronavirus disease 2019 (COVID-19) pandemic has significantly impacted the practice of endoscopy, but 
characteristics of COVID patients undergoing endoscopy have not been adequately described.
Aims  To compare findings, clinical outcomes, and patient characteristics of endoscopies performed during the pandemic in 
patients with and without COVID-19.
Methods  This was a retrospective multicenter study of adult endoscopies at six academic hospitals in New York between 
March 16 and April 30, 2020. Patient and procedure characteristics including age, sex, indication, findings, interventions, 
and outcomes were compared in patients testing positive, negative, or untested for COVID-19.
Results  Six hundred and five endoscopies were performed on 545 patients during the study period. There were 84 (13.9%), 
255 (42.2%), and 266 (44.0%) procedures on COVID-positive, negative, and untested patients, respectively. COVID patients 
were more likely to undergo endoscopy for gastrointestinal bleeding or gastrostomy tube placement, and COVID patients 
with gastrointestinal bleeding more often required hemostatic interventions on multivariable logistic regression. COVID 
patients had increased length of stay, intensive care unit admission, and intubation rate. Twenty-seven of 521 patients (5.2%) 
with no or negative COVID testing prior to endoscopy later tested positive, a median of 13.5 days post-procedure.
Conclusions  Endoscopies in COVID patients were more likely to require interventions, due either to more severe illness or a 
higher threshold to perform endoscopy. A significant number of patients endoscoped without testing were subsequently found 
to be COVID-positive. Gastroenterologists in areas affected by the pandemic must adapt to changing patterns of endoscopy 
practice and ensure pre-endoscopy COVID testing.
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Introduction

The novel coronavirus pandemic brought routine endoscopy 
in many areas of the world to a near halt, particularly in 
New York City, one of the major epicenters of the crisis in Electronic supplementary material  The online version of this 

article (https​://doi.org/10.1007/s1062​0-020-06593​-9) contains 
supplementary material, which is available to authorized users.
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early 2020 [1]. It has disrupted scheduled cancer screenings, 
care of inflammatory bowel disease patients, and evaluation 
of iron deficiency anemia, among other common gastro-
intestinal problems [2, 3]. Fellow education has also been 
adversely affected as a result of the sharp drop in endoscopy 
volume.

Nonetheless, patients have still been presenting with 
gastrointestinal hemorrhage, acute cholangitis, food impac-
tions, and other urgent indications for endoscopy that cannot 
wait until the pandemic has subsided. Endoscopy in patients 
with coronavirus disease 2019 (COVID-19) requires careful 
patient selection, balancing the risks of staff exposure and 
use of protective equipment against the benefits of poten-
tially life-saving endoscopic interventions [4–8]. There are 
few studies exploring the types of endoscopies performed 
during the COVID-19 pandemic. Given that cases are still 
rising at an alarming rate in the USA and the likelihood that 
the coronavirus pandemic will continue to affect the practice 
of endoscopy for the foreseeable future, it is important to 
understand how outcomes and findings differ in patients with 
COVID-19 compared to non-COVID patients [1].

The purpose of this multicenter study was to describe in 
detail the characteristics, findings, interventions, and out-
comes of patients undergoing endoscopy during the peak 
of the COVID-19 pandemic in New York City, one of the 
global epicenters of the pandemic in early 2020. We com-
pared the endoscopies performed, need for intervention, and 
clinical outcomes in patients who had COVID-19 with those 
who were COVID-negative or were not tested. We hypoth-
esized that COVID patients would have a higher diagnostic 
and therapeutic yield, because of a strategy to pursue sup-
portive care or defer endoscopy in COVID patients with all 
but the most time-sensitive indications. We also measured 
the frequency with which patients who underwent endos-
copy without COVID testing were subsequently found to 
be COVID-positive. Although the effects of the COVID-19 
pandemic have begun to stabilize, many areas of the USA 
are still facing increasing numbers of cases. It is important 
to continue exercising caution in patient selection for endos-
copy. Our experiences during this critical time may prove 
useful to gastroenterologists as they confront increasing 
numbers of COVID-19 patients in need of urgent endoscopic 
evaluation or intervention.

Methods

The electronic medical records of all adult patients who 
underwent endoscopy between March 16 and April 30, 2020 
at six academic hospitals in New York City (the Allen Hos-
pital, Columbia University Irving Medical Center, Lower 
Manhattan Hospital, Montefiore Medical Center, Mount 
Sinai Hospital, and Weill Cornell Medical Center) were 

reviewed. March 16 was selected as the start because that 
was the date after which routine endoscopies were canceled 
at all of the participating institutions. Both inpatients and 
outpatients were included. The results of all SARS-CoV-2 
testing both before and after endoscopy were recorded. 
Patient and procedure characteristics including age, sex, 
procedure type, indication, anesthesia level, fellow involve-
ment, findings, and interventions were analyzed. Outcomes 
including intensive care unit admission (at any time during 
hospitalization, including before endoscopy), intubation, 
length of stay, and death were also measured. For the 68 
patients still admitted at the time of review (20.6% of the 
total number of admitted patients), their length of stay was 
defined as length of stay through April 30, 2020. Stratified 
analyses were performed comparing patients with positive 
SARS-CoV-2 testing to those with negative or no testing, 
and inpatients to outpatients. Continuous variables were 
compared using the Mann–Whitney U test for two groups 
and Kruskal–Wallis analysis of variance for more than two 
groups. Categorical variables were compared using the 
Chi-square test, or Fisher’s exact test when at least 25% of 
expected cell counts were less than 5. For patients who had 
multiple procedures on separate days during the time period, 
patients were only counted once for demographic charac-
teristics and outcomes such as age, sex, and death, but each 
procedure was considered separately for endoscopy-specific 
characteristics such as anesthesia type, procedure type, and 
indication. Procedures done in the same session (such as an 
upper endoscopy and colonoscopy) were counted as a sin-
gle procedure. Because this was a retrospective analysis of 
already collected data, informed consent was not required. 
The institutional review boards of Columbia University, 
Cornell University, Mount Sinai Hospital, and Montefiore 
Medical Center approved this study.

Results

Population

Between March 16, 2020 and April 30, 2020, 605 endo-
scopic procedures were performed on 545 patients at the 
six hospitals included in the study (Table 1). There were 
383 inpatient procedures on 330 patients, and 222 outpa-
tient procedures on 215 patients. Patient and endoscopy 
characteristics stratified by admission status are shown in 
Supplemental Table 1 and Supplemental Table 2, respec-
tively. There were 84 endoscopies (13.9%) performed on 
patients with a positive SARS-CoV-2 test either before or 
on the day of the procedure, compared to 255 (42.2%) done 
with a confirmed negative test. There were 266 endoscopies 
(44.0%) with no testing done at the time of the procedure. 
There were 260 (43.0%) procedures in the last 2 weeks of 
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March, compared to 345 (57.0%) done in April. There were 
27 patients (5.0%) who had either not been tested or tested 
negative at the time of their endoscopy, but subsequently 
tested positive for COVID-19. Among the 330 inpatients 
undergoing endoscopy during this period, 128 (38.8%) were 
admitted to the intensive care unit, 84 were intubated at any 
point during hospitalization for reasons other than the endos-
copy (25.5%), and 28 died (8.5%).

Stratified by COVID‑19 Status

Among the 605 endoscopies during this period, 84 were on 
patients known to have COVID-19 (13.9% of total, 24.8% 
of the 339 patients with COVID testing at time of endos-
copy, see Table 2). Patients tested for COVID had a higher 
median age than those who were not tested (66 compared 

to 61.5 years). COVID-positive patients were more likely 
to be male (73.4% compared to 59.3% of COVID-negative 
and 56.7% of untested patients). COVID-positive patients 
were far more likely to be inpatients (91.1%) compared 
to COVID-negative (66.8%) or untested patients (44.6%). 
There were seven patients who had tested positive for 
COVID prior to an outpatient endoscopy. Three of these 
were upper endoscopies (including one for percutaneous 
endoscopic gastrostomy tube placement), three were endo-
scopic retrograde cholangiopancreatography (ERCP), and 
one was a colonoscopy. The indications were for dyspha-
gia for two of the upper endoscopies and suspected stenosis 
of the gastrointestinal tract for the third. The indication for 
the ERCPs were suspected ascending cholangitis, abnormal 
imaging, and abnormal liver function tests. The indication 
for the colonoscopy was suspected colon mass on imaging. 
The majority of procedures done without COVID testing 
were in March (78.6%), while 92.9% of the COVID-positive 
procedures and 82.4% of the COVID-negative procedures 
were in April. Figure 1 shows the cumulative numbers of 
procedures done separated by COVID status at the time of 
endoscopy. Initially, almost all procedures were done with-
out COVID testing, but over time nearly all patients began 
to be tested prior to endoscopy. There were initially very 
few endoscopies done on COVID-positive patients, but the 
number began to increase starting in mid-April.

Outcomes in Hospitalized Patients

Among the 330 hospitalized patients, COVID-positive 
patients were far more likely to require the intensive care 
unit, at 65.3% compared to 31.8% of COVID-negative 
patients and 30.8% of untested COVID patients. Similarly, 
COVID-positive patients were more likely to be intubated 
(for reasons not solely for the endoscopy). There was a 
higher mortality rate among COVID-positive patients at 
11.1% compared to 6.6% in COVID-negative patients and 
9.4% in untested patients, but this difference was not statisti-
cally significant. The median length of stay was nearly twice 
as long among patients who were COVID-positive at the 
time of their endoscopy at 19 days, compared to 8 days in 
COVID-negative patients and 10 days in untested patients.

Endoscopy Characteristics

There were significant differences in the types of proce-
dures performed in COVID-positive patients compared to 
COVID-negative or untested ones (Table 3). Two-thirds of 
procedures done on COVID-positive patients were upper 
endoscopies, compared to a third in COVID-negative or 
untested patients. A higher proportion of endoscopies on 
COVID-negative patients (29.8%) were ERCPs compared to 
COVID-positive patients (10.7%). COVID-positive patients 

Table 1   Characteristics of patients undergoing endoscopy during the 
COVID-19 pandemic

Total number of patients 545
Total number of procedures 605
Median years of age (interquartile range) 63 (52–73)
Sex
 Female 217 (39.8%)
 Male 328 (60.2%)

Admission status
 Inpatient 383 (63.3%) 

procedures 
on 330 
patients

 Outpatient 222 (36.7%) 
procedures 
on 215 
patients

COVID status at time of procedure
 Negative 255 (42.2%)
 Positive 84 (13.9%)
 No testing 266 (44.0%)

Month of procedure
 March 16–March 31 260 (43.0%)
 April 1–April 30 345 (57.0%)

Site
 The Allen Hospital 20 (3.3%)
 Columbia University Irving Medical Center 150 (24.8%)
 Lower Manhattan Hospital 23 (3.8%)
 Mount Sinai Hospital 172 (28.4%)
 Montefiore Medical Center 101 (16.7%)
 Weill Cornell Medical Center 139 (23.0%)

Outcomes among 330 admitted patients
 Death 28 (8.5%)
 Admission to Intensive Care Unit 128 (38.8%)
 Intubation (not solely for procedure) 84 (25.5%)
 Median length of stay (interquartile range) 11 (4–23)
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were more likely to undergo endoscopy for gastrointestinal 
bleeding (41.7%) compared to COVID-negative (29.8%) 
or untested patients (24.1%). Their procedures were also 

more likely to be for percutaneous endoscopic gastrostomy 
tube (PEG) placement or evaluation of dysphagia (33.3% 
of COVID-positive endoscopies, compared to 11.4% of 

Table 2   Patient characteristics stratified by COVID status

Variable COVID-negative COVID-positive COVID unknown p-value

Total number of patients 226 (41.5%) 79 (14.5%) 240 (44.0%)
Total number of procedures 255 (42.2%) 84 (13.9%) 266 (44.0%)
Median years of age (interquartile range) 66 (55–75) 66 (57–76) 60.5 (49.5–72.5) 0.006
Sex
 Female 92 (40.7%) 21 (26.6%) 104 (43.3%) 0.029
 Male 134 (59.3%) 58 (73.4%) 136 (56.7%)

Admission status
 Inpatient 151 (66.8%) 72 (91.1%) 107 (44.6%) < 0.001
 Outpatient 75 (33.2%) 7 (8.9%) 133 (55.4%)

Month of procedure
 March 16–March 31 45 (17.7%) 6 (7.1%) 209 (78.6%) < 0.001
 April 1–April 30 210 (82.4%) 78 (92.9%) 57 (21.4%)

Site of procedure
 The Allen Hospital 4 (1.6%) 2 (2.4%) 14 (5.3%) < 0.001
 Columbia University Irving Medical Center 66 (25.9%) 16 (19.1%) 68 (25.6%)
 Lower Manhattan Hospital 12 (4.7%) 4 (4.8%) 7 (2.6%)
 Mount Sinai Hospital 84 (32.9%) 13 (15.5%) 75 (28.2%)
 Montefiore Medical Center 24 (9.4%) 14 (16.7%) 63 (23.7%)
 Weill Cornell Medical Center 65 (25.5%) 35 (41.7%) 39 (14.7%)

Outcomes among 330 admitted patients N = 151 N = 72 N = 107
 Admission to Intensive Care Unit 48 (31.8%) 47 (65.3%) 33 (30.8%) < 0.001
 Intubation 22 (14.6%) 39 (54.2%) 23 (21.5%) < 0.001
 Death 10 (6.6%) 8 (11.1%) 10 (9.4%) 0.49
 Median length of stay (interquartile range) 8 (4–16) 19 (11–29.5) 10 (3–26) < 0.001

Fig. 1   COVID status of patients 
undergoing endoscopy at 6 
academic hospitals in New York 
City during the peak of the 
COVID-19 pandemic, March 16 
to April 30, 2020
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Table 3   Endoscopy characteristics stratified by COVID status

Variable COVID-negative COVID-positive COVID unknown p value

Procedure type N = 255 N = 84 N = 266
 Upper endoscopy 96 (37.7%) 56 (66.7%) 92 (34.6%) < 0.001
 Colonoscopy 22 (8.6%) 8 (9.5%) 29 (10.9%)
 Small bowel entroscopy 6 (2.4%) 1 (1.2%) 5 (1.9%)
 Upper endoscopy + colonoscopy 16 (6.3%) 3 (3.6%) 19 (7.1%)
 ERCP ± EUS 76 (29.8%) 9 (10.7%) 63 (23.7%)
 EUS alone 27 (10.6%) 2 (2.4%) 44 (16.5%)
 Pouchoscopy or flexible sigmoidoscopy 12 (4.7%) 5 (6.0%) 14 (5.3%)

Fellow involvement 86 (33.7%) 42 (50.0%) 114 (42.9%) 0.014
Indicationsa

 Gastrointestinal bleeding/anemia 76 (29.8%) 35 (41.7%) 64 (24.1%) 0.007
 Abnormal imaging 39 (15.3%) 11 (13.1%) 30 (11.3%) 0.4
 Biliary obstruction/stone/cholangitis 66 (25.9%) 8 (9.5%) 59 (22.2%) 0.007
 Suspected or known mass 29 (11.4%) 1 (1.2%) 32 (12.0%) 0.013
 Foreign body 5 (2.0%) 0 (0.0%) 3 (1.3%) 0.495
 Inflammatory bowel disease 4 (1.6%) 0 (0.0%) 5 (1.9%) 0.594
 Colorectal cancer screening/surveillance 4 (1.6%) 0 (0.0%) 15 (5.6%) 0.006
 Dysphagia or gastrostomy tube placement 29 (11.4%) 28 (33.3%) 24 (9.0%) < 0.001
 Gastrointestinal symptoms 18 (7.1%) 5 (6.0%) 23 (8.7%) 0.655
 Stent exchange or removal 13 (5.1%) 0 (0.0%) 11 (4.1%) 0.114
 Pancreatitis 5 (2.0%) 0 (0.0%) 12 (4.5%) 0.052
 Intestinal stenosis/obstruction 6 (2.4%) 2 (2.4%) 5 (1.9%) 0.921
 Other 4 (1.6%) 0 (0.0%) 9 (3.4%) 0.124

Anesthesia level
 General anesthesia 123 (48.2%) 37 (44.1%) 80 (30.1%) < 0.001
 Monitored anesthesia care 114 (44.7%) 34 (40.5%) 163 (61.3%)
 Moderate sedation 18 (7.1%) 13 (15.5%) 23 (8.7%)

Endoscopy findingsa

 Peptic ulcer disease, gastritis, duodenitis, esophagitis 53 (20.8%) 26 (31.0%) 49 (18.4%) 0.049
 Varices, portal hypertensive gastropathy 14 (5.5%) 4 (4.8%) 14 (5.3%) 0.967
 Colon polyps or masses 15 (5.9%) 1 (1.2%) 19 (7.1%) 0.125
 Biliary dilation/stricture, choledocholithiasis, bile leak 66 (25.9%) 8 (9.5%) 53 (19.9%) 0.005
 Blood 8 (3.1%) 7 (8.3%) 7 (2.6%) 0.044
 Extra-colonic nodules, masses, tumors 35 (13.7%) 2 (2.4%) 29 (10.9%) 0.015
 Intestinal stricture/stenosis 15 (5.9%) 8 (9.5%) 22 (8.3%) 0.428
 Colitis 15 (5.9%) 7 (8.3%) 14 (5.3%) 0.583
 Diverticulosis 11 (4.3%) 2 (2.4%) 6 (2.3%) 0.368
 Vascular malformation (AVMs, GAVE, Dieulafoy) 5 (2.0%) 1 (1.2%) 5 (1.9%) 1
 Abscess, fluid collection, cyst 6 (2.4%) 2 (2.4%) 10 (3.8%) 0.603
 Foreign body or food impaction 4 (1.6%) 0 (0.0%) 2 (0.8%) 0.524

Maneuversa

 Hemostatic clips 13 (5.1%) 11 (13.1%) 14 (5.3%) 0.021
 Epinephrine injection 5 (2.0%) 6 (7.1%) 4 (1.5%) 0.012
 Bipolar cautery/Argon plasma coagulation/RFA 8 (3.1%) 6 (7.1%) 8 (3.0%) 0.18
 Variceal banding 6 (2.4%) 1 (1.2%) 5 (1.9%) 0.792
 Sphincterotomy, biliary stent, pancreatic stent 63 (24.7%) 8 (9.5%) 44 (16.5%) 0.003
 Forceps biopsy 39 (15.3%) 10 (11.9%) 41 (15.4%) 0.711
 Fine needle aspiration/biopsy 29 (11.4%) 1 (1.2%) 25 (9.4%) 0.018
 Intestinal stent, stricturotomy, or dilation 19 (7.5%) 5 (6.0%) 14 (5.3%) 0.584
 PEG or NG tube placement 17 (6.7%) 27 (32.1%) 11 (4.1%) < 0.001



2550	 Digestive Diseases and Sciences (2021) 66:2545–2554

1 3

COVID-negative and 9.0% of COVID untested endosco-
pies). Figure 2 displays the types of procedures and selected 
indications done in COVID-positive patients over the study 
period. COVID-positive procedures were less likely to be 
for biliary obstruction or suspected or known mass lesions. 
COVID-positive procedures were significantly more likely 
to be done in the intensive care unit (29.8% of COVID-
positive compared to 4.7% of COVID-negative and 1.9% of 
untested endoscopies) or operating room (8.3% of COVID-
positive compared to 3.9% of COVID-negative and 3.4% of 
untested endoscopies, p < 0.001). A fellow was only involved 
in 40% of procedures overall but was more often involved in 
the COVID-positive cases (50.0% of COVID-positive com-
pared to 33.7% of COVID-negative and 42.9% of untested 
endoscopies). Confirmed negative COVID procedures were 
most often done with general anesthesia (48.2%, compared 
to 44.7% monitored anesthesia care and 7.1% moderate 
sedation), while untested procedures were most often done 
with monitored anesthesia care (61.3%, compared to 30.1% 
general anesthesia and 8.7% moderate sedation). Confirmed 
positive procedures were also most often done with general 
anesthesia (44.1%, compared to 40.5% monitored anesthesia 

care) but had a higher proportion than COVID-negative or 
untested procedures done with moderate sedation (15.5%). 
This is likely because many intensive care unit cases were 
done without anesthesia assistance.

Endoscopy Findings and Interventions

A higher proportion of COVID-positive procedures found 
upper gastrointestinal tract ulcers, erosions, or esophagi-
tis, at 31.0% compared to 20.8% of COVID-negative 
and 18.4% of untested endoscopies. Active bleeding or 
blood was found in more of the COVID-positive patients 
as well, at 8.3% compared to 3.1% of COVID-negative 
patients and 2.4% of untested patients. Masses, biliary 
strictures, injuries, and stones were found less often in 
COVID-positive patients. Hemostatic interventions such 
as clips and epinephrine injections were done more often 
in COVID-positive patients, though there was no differ-
ence in the rate of thermal therapies by COVID status. 
COVID-positive patients were more likely to require 
hemostatic interventions even when restricting the analy-
sis to patients undergoing endoscopy for gastrointestinal 

a Note that column percentages do not add up to 100% because a single procedure could have multiple indications, findings, or maneuvers

Table 3   (continued)

Variable COVID-negative COVID-positive COVID unknown p value

 Polypectomy or endoscopic mucosal resection 10 (3.9%) 0 (0.0%) 21 (7.9%) 0.009
 Cystogastrostomy or necrosectomy 5 (2.0%) 2 (2.4%) 8 (3.0%) 0.743
 Foreign body or stent removal 17 (6.7%) 1 (1.2%) 24 (9.0%) 0.047
 Video capsule endoscopy placement 4 (1.6%) 0 (0.0%) 3 (1.3%) 0.679

Fig. 2   Cumulative numbers of 
procedures done in COVID-19 
patients by type and indication 
during the peak of the COVID-
19 pandemic, March 16 to April 
30, 2020. Colonoscopy includes 
flexible sigmoidoscopy, 
pouchoscopy, and combined 
upper endoscopy + colonoscopy 
procedures. ERCP endoscopic 
retrograde cholangiopancrea-
tography, PEG percutaneous 
endoscopic gastrostomy tube
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bleeding (40% of COVID-positive, 17.1% of COVID-
negative, and 23.4% of untested patients, p = 0.032). On 
multivariable logistic regression analysis, after adjusting 
for anesthesia level, ICU admission, intubation, age, and 
sex, a positive COVID test remained significantly asso-
ciated with the use of hemostatic intervention (adjusted 
odds ratio 2.90, compared to a negative COVID test, 95% 
CI 1.04–8.06, p = 0.041, Table 4). The receiver operat-
ing characteristic (ROC) curve for the model is shown in 
Supplementary Figure 1, with area under the curve = 0.75, 
indicating an acceptable level of predictive accuracy. PEG 
and endoscopic nasogastric tube placements were also 
more often done in COVID-positive patients, making up 
32.7% of procedures on COVID-positive patients com-
pared to 6.7% of COVID-negative and 4.1% of untested 
patients (p < 0.001). Biliary interventions such as stents, 
sphincterotomy, and stone extractions, as well as fine 
needle aspiration or biopsy, were done less often in the 
COVID-positive patients, because ERCPs were done 
less often. Among just those patients undergoing ERCP, 
COVID-patients had a similar rate of biliary or pancre-
atic stent placement (88.9% in COVID-positive patients, 
79.0% in COVID-negative patients, p = 0.21).

Patients Who Tested Positive for COVID After 
Endoscopy

There were 27 patients who tested positive for COVID only 
after their endoscopy (Supplementary Table 3), at a median 
of 13.5 days post-endoscopy (interquartile range 7–24). 
Three of the 27 (11%) tested negative prior to endoscopy 
and subsequently tested positive a median of days post-
endoscopy, while 24 (89%) had no testing before their first 
endoscopy and later tested positive a median of 14 days post-
endoscopy. There were 30 endoscopies done on these 27 
patients before they tested positive, and 22 of the 27 were 
inpatient. Compared to procedures done on patients who 
never tested positive or who were always positive, proce-
dures done on patients who subsequently became positive 
were more likely to be a colonoscopy (8.7% and 9.5% com-
pared to 20%, respectively) or an upper endoscopy with colo-
noscopy (6.1% and 3.6% compared to 10%, respectively). 
Most of the patients who were found to be positive after 
endoscopy were initially endoscoped in March, when testing 
capability was more limited (73.3%, compared to 7.1% of the 
known COVID-positive patients, p < 0.001). Compared to 
patients who were known to be positive prior to endoscopy, 
patients diagnosed after their procedure were more likely 
to be outpatient (26.7% compared to 8.3%, p = 0.011), and 

Table 4   Multivariable logistic 
regression model for hemostatic 
intervention among patients 
undergoing endoscopy for 
gastrointestinal bleeding during 
the COVID-19 pandemic

Variable n who received 
hemostasis/n endo-
scoped

Adjusted odds ratio 95% confi-
dence interval

p value

COVID status
 Negative 13/76 (17.1%) 1 (reference)
 Positive 14/35 (40.0%) 2.90 1.04–8.06 0.041
 Unknown 15/64 (23.4%) 1.86 0.75–4.65 0.18

Intensive care unit admission
 No 23/103 (22.3%) 1 (reference)
 Yes 19/72 (26.4%) 0.46 0.13–1.59 0.22

Intubation
 No 27/129 (20.9%) 1 (reference)
 Yes 15/46 (32.6%) 3.37 0.86–13.17 0.081

Sex
 Female 11/55 (20.0%) 1 (reference)
 Male 31/120 (25.8%) 1.11 0.46–2.67 0.81

Age
 <50 5/31 (16.1%) 1 (reference)
 50–59 5/38 (13.2%) 0.61 0.14–2.64 0.51
 60–69 12/43 (27.9%) 2.34 0.63–8.74 0.20
 ≥70 20/63 (31.8%) 4.39 1.26–15.30 0.020

Anesthesia type
 Moderate sedation 4/21 (19.1%) 1 (reference)
 Monitored anesthesia care 22/115 (19.1%) 1.43 0.39–5.21 0.59
 General anesthesia 16/39 (41.0%) 6.24 1.47–26.43 0.013
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less likely to undergo upper endoscopy (30.0% compared to 
66.7%, p = 0.037). They were more likely to undergo endos-
copy for colorectal cancer screening or surveillance (13.3% 
compared to 0.0%). Among the 383 hospitalized patients, 
those who tested positive only after endoscopy had the high-
est mortality rate at 31.8% (7/22 patients), compared to 8.5% 
in patients who only tested negative, and 11.7% in patients 
who were positive prior to endoscopy (p = 0.001).

Discussion

This multicenter study describes the characteristics and 
outcomes of all adult patients undergoing endoscopy at six 
academic hospitals in New York City during the peak of 
the COVID-19 pandemic in early 2020. As described in a 
New York Society of Gastrointestinal Endoscopy survey, the 
number of routine endoscopy cases significantly decreased 
in our region during the pandemic [2]. Many gastroenter-
ologists stopped performing endoscopies completely during 
the peak of the pandemic. The procedures deemed urgent 
enough to be performed during this period were generally 
on patients more seriously ill than what is typical.

All six institutions in this study adopted similar protocols 
in regard to COVID testing and personal protective equip-
ment utilization. At all institutions, routine endoscopy was 
discontinued starting March 16, 2020. COVID testing was 
initially not widely available, but beginning in late March 
was performed first on patients suspected of having COVID 
and eventually universally on all patients undergoing endos-
copy. Negative pressure rooms were utilized for all con-
firmed COVID-positive patients. Personal protective equip-
ment consisted of at minimum an N95 respirator, gown, face 
shield, and hair cover, and at some institutions shoe covers 
were also required.

Our findings illustrate the dramatic increase in testing 
that occurred toward the end of March. Initially, almost all 
endoscopies were done without testing, but over time as tests 
became more available nearly all endoscopies were done 
with pre-procedure testing. Figure 1 and Supplementary 
Figure 2 show the trend toward increased testing over the 
course of the pandemic. Though patients were screened for 
symptoms such as cough or fever, it is now well known that 
many patients are asymptomatic carriers of SARS-CoV-2 
[9]. In fact, 22 patients who had a procedure without test-
ing were subsequently found to test positive. It is clear that 
screening for symptoms is not a rigorous enough method for 
limiting unnecessary exposures during endoscopy. Gastroen-
terologists in areas that are still experiencing the peak of the 
COVID-19 pandemic should be aware that they may be per-
forming procedures on patients with undiagnosed COVID-
19 if pre-procedure testing is inadequate. These findings are 
particularly important in light of evidence that shows that 

viral RNA is consistently detectable in secretions commonly 
encountered during gastrointestinal procedures including 
saliva and stool, and that detection of the viral shedding in 
stool may persist following clearance of virus from aerodi-
gestive tract samples [10, 11]. A recent study also provides 
evidence that EGDs are aerosol generating procedures [12]. 
Patients who were later diagnosed with COVID were more 
likely to have outpatient procedures compared to patients 
who were already known to have COVID, so it is important 
not to limit testing to inpatients. Economic analysis has sug-
gested that universal pre-endoscopy COVID PCR testing is 
a cost-effective strategy for reopening endoscopy units, and 
our findings add further weight to this policy, which has 
already been implemented in many centers [13]. In addi-
tion to screening for COVID, we suggest providers use of 
N95 respirators and face shields in addition to standard per-
sonal protective equipment, restrict the number of unneces-
sary personnel, and carefully weigh the risks and benefits 
of endoscopic procedures, in order to limit transmission of 
coronavirus as much as possible.

We further noted that clinical outcomes, including mor-
tality, of patients who only tested positive after endoscopy 
were significantly worse, even compared to patients who 
were known to be COVID-positive at the time of endoscopy. 
The sample size of patients diagnosed with COVID only 
after endoscopy was small, and it is unclear why they should 
have a higher mortality than patients who were known to be 
positive. It is possible that undiagnosed COVID could have 
been associated with gastrointestinal symptoms prompt-
ing endoscopy, though the number of patients endoscoped 
for gastrointestinal symptoms was low. It is also possible 
that procedural sedation early in the disease in patients 
with undiagnosed COVID could lead to downstream harm. 
There may be unmeasured confounders as well, such as race 
and ethnicity, which are associated with both lack of early 
testing and poor outcomes. Delays in diagnosis of COVID 
are associated with worse outcomes and likely also con-
tributed to the higher mortality rate in patients diagnosed 
post-endoscopy.

Surprisingly, there were 19 colonoscopies done for 
screening or surveillance during the peak of the pandemic, 
4 on COVID-negative patients and 15 on patients without 
COVID testing. In three of these cases, another indication 
such as GI bleeding was also listed. In the other 16 cases, it 
is possible that additional undocumented indications led to 
the decision to pursue a colonoscopy during the pandemic, 
but it is also possible that a small number of less urgent colo-
noscopies were still performed for screening, though a small 
fraction of the number that would ordinarily be performed 
during this time period. We believe that any unreliability in 
documented Provation indications would be primarily lim-
ited to colonoscopies, in which screening is often combined 
with a secondary indication.
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Another surprising finding was that trainees, specifically 
fellows, were more likely to be involved in COVID-posi-
tive cases (50.0% compared to 33.7% of COVID-negative 
and 42.9% of untested patients). Fellows were more often 
involved in EGDs, which were the most common proce-
dures done in COVID patients. This may be because a sec-
ond operator is helpful for PEG placement and GI bleed-
ing cases, whereas for cases such as colonoscopies a single 
endoscopist is sufficient. For example, GI bleeding cases 
are often technically complex and at times done overnight 
or in the ICU, where an endoscopy nurse or technician may 
not be available. In those cases, a fellow may be helpful for 
providing assistance when a second attending is not avail-
able. Over time, as COVID testing became more common, 
fellows started to become involved again, perhaps because 
redeployed fellows were again available for procedures, and 
as a result of greater availability of PPE. Supplementary 
Figure 3 shows the numbers of fellow and non-fellow cases 
by week.

This study describes the diagnostic yield, rate of interven-
tions, and clinical outcomes of patients undergoing endos-
copy with COVID-19 compared to those testing negative 
and those without testing. Endoscopies done in patients with 
COVID-19 were more often done for gastrointestinal bleed-
ing. This could be a consequence of the increasing use of 
anticoagulation in patients with COVID-19, or the fact that 
while most gastroenterologists have a higher threshold to 
scope COVID-positive patients, gastrointestinal hemorrhage 
is one of the indications that cannot typically be deferred 
[14, 15]. It is also likely a result of the fact that COVID 
patients were more likely to be admitted to the ICU, and ICU 
patients in general are at higher risk of peptic ulcer disease. 
PEG or nasogastric tube placement was also very common 
in COVID-19 patients, reflecting the unfortunate reality that 
many patients with COVID-19 face a long recovery after 
extubation. Approximately a third of endoscopies done in 
COVID-positive patients were for PEG or NG tube place-
ment, likely because elective procedures were avoided as 
much as possible in COVID patients, who were also more 
likely to require prolonged intubation leading to dysphagia.

The diagnostic yield of procedures done during this 
period was high. For example, of the 175 endoscopies done 
for anemia or bleeding, 73.1% found blood or a possible 
source such as ulcers, erosions, esophagitis, arteriovenous 
malformations, or diverticulosis. The yield was particu-
larly high among the 35 endoscopies done for bleeding 
in COVID-positive patients, at 85.7%, though due to the 
low numbers this was not significantly different from that 
of COVID-negative (69.7%) or untested patients (70.3%). 
Endoscopies done for anemia or bleeding in COVID-positive 
patients had about twice the rate of hemostatic clip, epineph-
rine, or electrocoagulation use (14/35, 40.0%) compared to 
COVID-negative (13/76, 17.1%) or untested patients (15/64, 

23.4%, p = 0.032), likely reflecting a higher clinical thresh-
old for pursuing endoscopy in COVID-positive patients.

This study is the largest in-depth analysis of patients 
undergoing endoscopy during the COVID-19 pandemic in 
the USA and reflects the beginning and peak of the pan-
demic. Strengths of this study are the multicenter design and 
setting in the early epicenter of the COVID-19 pandemic 
after the arrival of the virus in the USA in 2020. A limitation 
is the relatively short follow-up time available to measure 
clinical outcomes such as intensive care unit admission, intu-
bation, death, and length of stay. This was necessary to avoid 
delays in analysis, and as a result we may be underestimating 
these outcomes in this cohort. Further, testing was limited 
in the early phase of the pandemic partially due to lack of 
adequate supplies. The sensitivity of the SARS-CoV-2 PCR 
is also suboptimal and likely resulted in some false nega-
tive results [16]. Analysis was generally limited to variables 
extracted from the Provation endoscopy software, and some 
clinically relevant variables such as medications (including 
anticoagulation) race, and cause of death were not obtained. 
Finally, due to the design of this study only patients with 
indications urgent enough to undergo endoscopy during the 
pandemic were evaluated, and we did not investigate patients 
who were treated conservatively.

In summary, while endoscopies continued to be per-
formed during the COVID-19 pandemic in our region, the 
risk–benefit ratio shifted, and cases were generally limited 
to urgent or emergent indications. The patients who meet 
these stricter criteria are sicker, especially the ones who are 
known to be COVID-positive, and the in-hospital mortality 
rate among COVID patients undergoing endoscopy is high. 
Patients undergoing endoscopy for gastrointestinal bleeding 
with COVID are more likely to require hemostatic inter-
ventions, likely because we are limiting endoscopy in that 
population to patients with a high suspicion for active hem-
orrhage. It is important to recognize that many patients who 
underwent endoscopy before testing was widely available 
were subsequently found to test positive for COVID, and 
thus universal testing prior to endoscopy should be pursued 
to limit unnecessary exposures.
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