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The global COVID-19 pandemic has led to healthcare resources being diverted or

stretched, especially during periods of lock-down in affected countries. Disruptions to

normal services have resulted in reduced or delayed provision of endoscopy in many

countries, with consequent impacts on diagnosis or management of digestive diseases

and upon endoscopy training. This review article aims to highlight key aspects of the

impact of the pandemic upon endoscopy services, with a focus upon endoscopy

in children.
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INTRODUCTION

Severe acute respiratory coronavirus (SARS-CoV)-2 is a member of the Coronaviridae family:
this family of viruses includes a number of virulent strains known to infect animals and humans
(1). The disease caused by SARS-CoV-2, known as coronavirus disease (COVID)-19, was first
noted in 2019. Subsequently, the World Health Organization (WHO) declared COVID-19 to be
a pandemic on March 11, 2020 (2). Since then, the COVID-19 pandemic has spread worldwide
with more than 250 million laboratory-confirmed cases and more than 5 million deaths as of
November 20th, 2021, (https://www.worldometers.info/coronavirus/) leading to widespread social
and economic disruption.

Soon after the WHO declaration in March 2020, numerous health authorities across different
countries (for e.g., the US Surgeon General, the American College of Surgeons, the Centers for
Disease Control and Prevention, and Chief Medical Officers across Canada) advised medical
practitioners to suspend all elective medical procedures (3). This decision affected surgeons,
gastroenterologists and other disciplines (4). Consequently, endoscopy centers have undergone
significant changes based on international and local guidelines and have taken significant and
unprecedented steps to avoid transmission of the virus (4).

While some early reports suggested that there was a low risk of COVID-19 transmission
consequent to GI endoscopy (5), other reports indicated a high prevalence of SARS-CoV-2
infection in patients scheduled for digestive endoscopy (6). These contradictory reports resulted
in confusion and uncertainty in decision making.

Although the initial force of the pandemic has passed in most countries, there remain ongoing
waves of infection with particular impact in some parts of the world. Further, this impact will
have ongoing repercussions for some time. This review focuses on the impact of the COVID-19
pandemic upon endoscopy services, focusing on pediatric services where available, highlighting
the immediate effects in 2020 and some of the ongoing consequences thereafter.
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METHODS

A literature search was performed using MEDLINE, Pubmed,
and the Cochrane Library with the last search date of November
1st 2021. Search terms included COVID-19, endoscopy,
children, pediatric, guidelines “SARS-CoV-2,” “gastrointestinal
endoscopy,” and “digestive system endoscopy.”

Severe Acute Respiratory Coronavirus
(SARS-CoV)-2 and COVID-19
SARS-CoV-2 can spread from person to person by contact,
airborne and droplet routes (7). It behaves as an opportunistic
airborne pathogen following a cough or during procedures that
generate aerosols (3). van Doremalen et al. (8) showed ongoing
detection of the virus in aerosols for up to 3 h. Aerosols can also
be transmitted for several meters (9). Furthermore, the virus can
persist on surfaces, such as on items in the rooms of patients with
active COVID-19 (9).

Children of any age can be infected by SARS-CoV-2, but is
more commonly recognized in older children and adolescents.
Overall, pediatric cases of COVID-19 are thought to represent
<5% of total cases (10). However, the true rate of infection
in children is likely much higher than this. Testing in many
studies was undertaken only in symptomatic individuals or those
who were hospitalized (11). This is relevant given that many
children infected with COVID-19 are asymptomatic or have
mild symptoms, such as fever, cough, gastrointestinal symptoms,
pharyngitis, or changes in sense of smell or taste (11). In addition,
recent data suggests that children are less likely to become
infected after contact with someone who is infected with SARS-
CoV-2 (11).

Recent reports demonstrate that children and adolescents
infected with the virus have similar viral loads to adults (12, 13):
consequently, they are just as likely to transmit the virus to others
(14). In addition, the viral load may be unrelated to the presence
or absence of symptoms in that individual (15, 16). For example,
Sola et al. (17) studied the pattern of positive SARS-CoV-2 test
results in 33,041 asymptomatic children presenting for surgical or
medical care at 28 children’s hospitals across the United States of
America (USA). Two hundred and fifty of these children (ranging
in age between 0 and 18 years) had positive SARS-CoV-2 tests.

The overall pooled prevalence was 0.65% (95% CI, 0.47–
0.83%), with rates varying from 0 to 2.2% between centers.

Transmission of SARS-CoV-2 During GI
Endoscopy
The characteristics of the SARS-CoV-2 virus mean that an
endoscopic procedure is a potential mechanism for spreading
the infection. Person-to-person spread, respiratory droplets,
generation of aerosols, and direct contact with contaminated
surroundings or body fluids are all relevant to endoscopy (18).

Keil et al. (19) studied spread of the virus using an
experimental model of endoscopic procedures in a specialized
laboratory. This model evaluated the formation and movement
of potentially infectious fluid particles from the patient’s body to
the environment via the endoscope. They found liquid coming
through the working channel of the endoscope with biopsy

forceps or other instruments generates droplets with a diameter
in the range of 0.1–1.1mm and an initial velocity of up to 0.9 m/s.
They developed a protective cover that completely eliminated
droplet spread (19).

In addition to the concern about spread by respiratory
secretions, there is also an increasing concern about the potential
for fecal-oral spread. The high frequency of gastrointestinal
symptoms in individuals with COVID-19, the localization of
angiotensin converting enzyme 2 in the intestinal mucosa and
the identification of active viral particles in stool for prolonged
periods after infection highlight these concerns (20, 21).

Although there are significant concerns about the risk of
spread of the virus from an infected patient to endoscopy
staff, the overall risk if appropriate precautions are followed
appear to be low (22). In addition to the patient-related
processes mentioned earlier, other suggested steps within the
endoscopy unit include the use of personal protective equipment,
limitations on the number of staff in the endoscopy suite and
procedural modifications.

Papanikolaou et al. (23) conducted a multicenter study to
assess the risk of infection with an endoscopic procedure.
In the setting of low risk or negative COVID-19 testing in
1,135 individuals, 254 were tested after their procedure and
eight were shown to be positive. Amongst 163 endoscopic
personnel assessed in this report, five tested positive during the
study period.

Guidelines for the Undertaking of
Endoscopy in the Setting of COVID-19
Guidelines have been issued by several adult societies (24–26) and
one pediatric society (3). These guidelines concentrate on four
main themes: (a) How to perform endoscopic procedures during
the COVID-19 pandemic, (b) Which endoscopic procedures
should always be done and which should be deferred?
(Tables 1, 2), (c) How to protect endoscopy unit staff during the
pandemic? and (d) What are the gaps in current knowledge and
what is still required in this rapidly evolving field?

Initially, the AGA recommended that endoscopy units
may recommence doing elective endoscopic procedures when
the number of new cases of COVID-19 in the local area
has reduced consistently for at least a fortnight (American

TABLE 1 | Patients considered high risk for endoscopic procedures [adapted

from Sinonquel et al. (27)].

1. Patients with symptoms suggestive of an upper respiratory infection or with an

elevated temperature of ≥37.5◦C.

2. Patients with a history of close contact with more or more individuals with

established or suspected COVID-19 within the last fortnight.

3. Patients with a personal history of travel to area(s) with pandemic COVID-19

within the last fortnight. Including any new or emerging “hot spots.”

4. Patients reporting significant general fatigue and/or shortness of breath.

5. Patients complaining of dysosmia and/or dysgeusia (loss of smell or taste)

without any clear underlying cause.

6. Patients complaining of GI symptoms (including diarrhea) lasting for at least 4

days without a clear identifiable cause.
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TABLE 2 | Conditions that may need urgent endoscopy regardless of COVID

status.

• Bleeding (or suspected bleeding) from the upper/lower gastrointestinal tract

• Cholangitis requiring endoscopic retrograde cholangiopancreatography

• Symptomatic bile duct/pancreatic disease

• Endoscopic release of a gastrointestinal stricture

• GI cancer requiring early treatment

• Other conditions requiring urgent treatment based on the decision by

the facility

Gastroenterological Association, Digestive Health Physicians
Association. AGA/DHPA Joint Guidance for Resumption of
Elective Endoscopy. Available at: https://gastro.org/news/aga-
dhpa-release-guidance-forresuming-elective-endoscopy/). The
time of resumption of endoscopy services must also consider
other local or national advice, local resources and the ability to
provide a safe environment for patients and staff.

The AGA guide specified that scheduled endoscopies should
still be prioritized by level of urgency, depending upon individual
patient considerations and physician professional judgement.
They also stated that, wherever possible, all patients should be
tested for active COVID-19 infection with PCR-based testing
within 48 h prior to their endoscopy. Subsequently, the AGA
Institute recommended not undertaking pretesting in “high”
prevalence or “low” prevalence (<0.5%) areas, due to the
possibility of false negative results in the former and false-positive
results in the latter areas (28).

The position paper presented by the North American Society
for Pediatric Gastroenterology, Hepatology, and Nutrition
(NASPGHAN) recommended that all endoscopic procedures
in children should be performed in a negative pressure room
with all personnel following strict airborne, contact and droplet
precautions regardless of the individual risk category of the
patient (3). These precautions (i.e., enhanced PPE) include using
a standard filtering facepiece respirator (such as N95, N99,
FFP2/3, or PAPR), two pairs of gloves, full facial protection
(either a visor or a face shield), a hairnet, full body water-resistant
disposable gown or coveralls and appropriate shoe covers.

Practical Considerations Prior to
Undertaking an Endoscopic Procedure
The exact processes to be considered prior to endoscopy may
vary according to current local requirements or restrictions.
Factors such as the current number of community cases and
the vaccination status of the individual are relevant. In addition,
the clinical indication for the endoscopic procedure needs to
be assessed.

In general terms, however, pre-admission screening
conducted by telephone or video consultation is highly
recommended (27). Before arrival, patients should be asked
the following questions: (1) recent or current fever, (2) recent
travel history (especially travel to any country or region with
a high incidence of COVID-19 transmission within the last 2
weeks), (3) history of contact with anyone who has respiratory
or general symptoms (in the last 14 days) and (4) any clustering.

If one or more of these risk factors is present, the patient should
be considered to be a suspected case and COVID-19 RT-PCR
testing (e.g., nasopharyngeal swab) should be conducted prior to
undertaking the endoscopic procedure.

Before entering the waiting room, patients should have
measurement of their temperature and the above questions
should be asked again. Local social distancing rules should be
strictly applied in the waiting area: thismay include the use of face
masks and appropriate spacing of chairs (27). Children should be
accompanied by a maximum of one parent.

In addition, before any clinical examination the attending
physician should again ask the patient about any systemic or
respiratory symptoms that could be suggestive of active COVID-
19 (27). If a patient has a positive or inconclusive RT-PCR test,
the procedure should be considered high risk and should only be
conducted if the clinical situation demands (27). Furthermore, if
a patient has current symptoms or is otherwise at high risk for
current infection (Table 1), but has such an urgent indication for
endoscopy that there is inadequate time to have a nasopharyngeal
swab, then their procedure should also be considered high
risk (6).

Any endoluminal procedures (such as diagnostic or
therapeutic endoscopy or even placement of feeding devices)
should be considered potentially high-risk. Before commencing
any procedure involving the GI tract it is important to fully
assess the necessity and urgency of the procedure. Assessment of
the presence of alarm symptoms such as involuntary weight loss,
dysphagia, bleeding or obstructive jaundice is highly important
(Table 2) (24, 27).

Implications of Pre-procedural COVID-19
Polymerase Chain Reaction Testing on
Routine Endoscopic Practice
Forde et al. (29) performed 396 PCR tests in patients prior
to endoscopy in April and May 2020 in one North American
centre. Only one of these patients had a positive PCR result,
providing a positive test rate of 0.25% (95% confidence interval,
0.01–1.4%). None of the patients who denied any suggestive
symptoms on initial screening and had a negative PCR test
failed their immediate pre-procedure questionnaire or body
temperature check on the day of procedure. Furthermore, none
of the endoscopy staff involved in the management of these
patients were diagnosed with COVID-19 or developed symptoms
suggestive of infection. The authors concluded that screening
questionnaires are an effective tool for the identification of
patients at greater risk of infection who should have deferral of
their procedure.

Bowyer et al. (30) retrospectively reviewed pre-procedural
screening evaluations in a group of 1,000 patients who
were scheduled to have an elective outpatient endoscopic
procedure between May 22 and June 28, 2020. Key data
included demographics, symptoms as reported in the American
Society for Gastrointestinal Endoscopy (ASGE) COVID-19 risk
preprocedural screening questionnaire, and the results of PCR
testing. Eight of the 1,000 patients had positive COVID-19
tests: three of them had reported at least one symptom on
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the risk screening questionnaire. In addition, 119 patients
reported symptoms on the risk screening questionnaire but
had negative COVID-19 tests. This assessment of the ASGE
COVID-19 risk screening questionnaire provided positive and
negative predictive values of 2.46 and 99.43%, respectively. The
authors concluded that symptom-based screening alone was not
sufficient as a primary preprocedural assessment tool during the
COVID-19 pandemic.

Khorrami Minaei et al. (31) performed a retrospective review
to assess the usefulness of clinical screening and pre-procedure
PCR testing for the identification of high risk patients for SARS-
CoV-2 infection. They included a consecutive cohort of 361
patients undergoing endoscopy at a tertiary teaching hospital
between 22nd April and 22nd June 2020. Clinical screening,
following a defined protocol, detected 13 patients with a high risk
of infection (3.6%, 95% CI 2.62–4.58) while the pre-procedure
PCR test was positive in five patients (1.40% 95% CI 0.20–2.60).
Three patients developed COVID-19 and one died from the
disease. Agreement between both strategies was poor, with a
Kappa value of 0.093 (95% CI 0.001–0.185). Clinical screening
only identified one of the five patients with a positive PCR test.
The authors concluded that clinical screening prior to endoscopy
has poor agreement with pre-procedure PCR testing.

Say et al. (32) suggested that patient risk stratification
before endoscopy should be performed based on symptoms and
sick contacts if PCR testing for infection was not available.
The authors recommended that urgent procedures should
be prioritized. Examples included the removal of foreign
bodies, evaluation of gastrointestinal bleeding, and procedures
in hospitalized patients. The authors further recommended
only performing “essential” procedures in outpatients: these
were defined as procedures that would lead to significant
patient harm if they were delayed for >2–3 months. Overall,
the process to finalize the scheduling and timing of an
endoscopic should include discussions and shared decision-
making involving the endoscopist, the patient, and the
patient’s family.

Endoscopic Procedures Involving Patients
With Inflammatory Bowel Disease During
the COVID-19 Pandemic
Endoscopy is mandatory for patients with a high suspicion of
IBD. In patients with a clinical suspicion of Crohn’s disease who
have a normal endoscopy, visualization of the small intestine is
also required. Iacucci et al. (33) addressed the issue of endoscopy
in patients with IBD. The authors suggested that in addition
to excluding SARS-CoV-2, exclusion of other gastrointestinal
infections is also important. They suggested using detailed
history and the results of biomarkers to differentiate between IBD
and IBS whenever possible.

Iacucci et al. (33) suggested postponing endoscopic
assessments in patients who have only mild abnormalities
on blood tests and fecal calprotectin (33). In the setting of acute
severe exacerbation of known ulcerative colitis they suggested
that flexible sigmoidoscopy (at least) should be undertaken if the
patient’s last colonoscopy was more than 3 months earlier. This

assessment would be considered essential to confirm the clinical
findings, to define the current extent and severity of disease and
to exclude concurrent GI infections (such as cytomegalovirus).

In a similar fashion, Turner et al. (34) also recommended
non-urgent endoscopy in children with IBD should be postponed
during the pandemic.

Worldwide Impact of COVID-19 Upon Adult
and Pediatric Endoscopic Practice
Several authors have assessed the impact of the pandemic upon
endoscopy practice. Ruan et al. (35) performed an international
survey of pediatric endoscopists across 27 countries. Most of
the 145 respondents reported that elective procedures were
postponed with a reduction in activity to <10% of usual activity.
Although almost all the units were undertaking emergency or
urgent endoscopy procedures, only half of the units employed
specific guidelines to determine urgency. Furthermore, the units
of the respondents differed widely in the use of screening or
testing guidelines.

These findings were similar to those reported in adult centers.
Forbes et al. (36) conducted a web-based survey of the impact
upon endoscopic activity in North American centers in March
and April 2020. Two-thirds of the 73 respondents reported
a 90% reduction in endoscopy volume. These findings were
extended internationally in a web-based survey of endoscopy
activity across 252 adult gastroenterology units in 55 countries
(37). This study, conducted in April and May 2020, showed a
mean reduction of 83% in endoscopy volume across all areas
of the world except Australasia, where activity was maintained
at∼40% of normal activity.

Recent studies have demonstrated this impact in specific
countries. Issaka et al. (38) retrospectively examined delays in
endoscopic procedures in one centre in USA. In the cohort of
480 patients, colonoscopy was most frequently delayed (49%),
especially in the setting of colorectal cancer screening. At the time
the report was written, less than half of the delayed procedures
had been completed, with the diagnosis of 12 cancers eventually
made. The median time of delay in those who had undergone
their planned procedure was 88 days.

A study conducted in one geographical area of Korea
illustrated further impact on endoscopic procedures (39). This
retrospective study was conducted in Daegu, a region of Korea
with a high case burden at that time. Three hundred and thirty-
six emergency procedures conducted over a five and half week
period in February and March 2020 were evaluated. The number
of cases was less than half of the procedures conducted in the
same unit during the same periods in both 2018 and 2019.
The patients who were endoscoped in 2020 appeared to be
sicker (with a lower hemoglobin), were twice as likely to have
endoscopic abnormalities seen and almost five times as likely to
need an endoscopic intervention.

These findings appeared to indicate that the triage process at
this location enabled the identification of more severe patients
and that less severe patients were deferred. The authors did
not present any data on adverse outcomes on patients were not
triaged to undergo a procedure. They did, however, report that
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there were no cases of transmission from patients to hospital or
endoscopy staff.

Worldwide Impact of COVID-19 Upon Adult
and Pediatric Endoscopic Practice
Consequent to the dramatic reduction in endoscopy volume
and alterations in patient selection, significant impact upon
endoscopy training has also been noted (40, 41). Recently, Shin
et al. (42) evaluated the impact upon training for GI fellows in
Korea, using a web-based questionnaire. More than half of the
94 respondents noted a reduction in endoscopy sessions and
volume, with 78.9% reporting concern about their education
and training.

The impact on endoscopy for pediatric gastroenterology
fellow training in North America was assessed in a short survey
in April 2020 (43). Fellows ceased involvement in endoscopy
procedures in 26 of 51 programs that gave replies to the survey.
The survey did not assess the impact upon endoscopy procedures
over a longer time period.

Nita et al. (44) surveyed 144 young members of ESPGHAN
in mid-2020. The COVID-19 pandemic almost universally
resulted in adverse impacts upon the endoscopy practice of the
respondents. In particular, 82 of the respondents mentioned
restrictions to semi-urgent or emergency endoscopy procedures.

One consequence of the pandemic is a move from face-to-face
to virtual interactions when feasible. This has also occurred in the
setting of trainee interviews (45). An assessment of satisfaction
with this mode of interviewing showed generally high acceptance
and satisfaction.

The changes in endoscopy practice have also resulted in
the development of innovative technology. These include new
shielding devices (46) and even the use of robotic endoscopic
processes (47). More recently, Furukawa et al. (48) described
their development of a surgical mask designed to prevent spread
of droplets from a patient undergoing an upper endoscopic
procedure. The authors demonstrated a marked reduction
in droplets using specialized imaging technique. Other novel
devices include the Endoprotector (49), the C-Cube (50), the
ORIGAMI face shield (51) and an endoscopic shield (52). These
innovations have not been evaluated specifically in children.

Ongoing Repercussions of
COVID-19-Related Changes in Endoscopic
Activity
Even though the first waves of the pandemic have passed,
the repercussions persist. Ho et al. (53) attempted to predict
the recovery of disrupted endoscopy activity in England using
national data from prior to the pandemic to the end of October
2020. The analysis indicated that there would be a backlog
of almost 500,000 endoscopic procedures by January 2021.
The authors further predicted that elimination of this backlog
would take until mid-2022 even with an increase in capacity to
130% of normal. Further and ongoing interruptions would only
exacerbate this impact and delay catch-up substantially.

CONCLUSIONS

The COVID-19 pandemic has had a global adverse effect
on humanity, with significant morbidity and mortality. While
healthcare services have been greatly impacted overall, due to
diversion of resources to care for those diagnosed with COVID-
19, there have also been great impacts on endoscopy procedures.
The predicted flow-on effects of a reduction in endoscopic
activity have included consequences such as longer diagnostic
delay and reduced training opportunities.

Much of the data available reflects regional and time-related
differences in infection rates and consequent variations in
practice. As the effects of the waves of infection wax and wane,
so to will the direct impacts. These features of the pandemic
do impact on the way that endoscopy services are conducted
in various locations and countries. None-the-less, depending on
the course of the COVID-19 pandemic over the coming months,
there will likely be further impacts on endoscopy services.
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