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Since its first appearance in December 2019, the novel Coronavirus SARS-CoV-2 (Severe

acute respiratory syndrome coronavirus 2) has spread throughout the world at rapid

pace causing the coronavirus disease 2019 (Covid-19). Originating in the Chinese

province Hubei, more than 91.8 million people globally have now been infected with

the coronavirus and more than 1.966.000 patients have died thus far from Covid-19

(as of January 13th 2021). The virus spreads primarily by droplet infection as well as

via aerosols during close physical contact. Particularly in medical examinations with

close physical contact between examiner and patient, like echocardiography, the risk of

contracting the virus is increased. Therefore, the use of personal protective equipment is

recommended for the protection of patients and medical personnel alike. In this article,

the current recommendations of international professional associations on the use of

personal protective equipment and their local implementation are presented.
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INTRODUCTION

Close physical contact with patients suffering from coronavirus disease 19 (Covid-19), may
result in a significantly increased risk of transmission by droplet infection or via aerosols (1–
3). Transthoracic echocardiography (TTE) examinations involve close patient contact over a
long period of time (i.e., estimated 15–30min). In addition to the exam length, transesophageal
echocardiography (TEE) examinations in particular can result in aerosol formation. Although hard
data on the extent of aerosol formation in TEE are lacking (4), some mathematical models have
been proposed to explain virus transmission by aerosols even in patients withmild or asymptomatic
Covid-19 (5). Special protection of patients and especially of medical staff is therefore necessary
during TEE and TTE examinations. The procedure described here is based on current guidelines
of the American Society of Echocardiography (6), the British Society of Echocardiography (7),
the Italian Society of Echocardiography (8), the Japanese Society of Echocardiography (9), the
Cardiological Society of India (10), collection of experience reports and recommendations of the
European Society of Cardiology (ESC) (11, 12), as well as the recommendations of the local crisis
management team of the Salzburg State hospitals.
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First, the different collectives of patients must be
distinguished, defined as patients with proven Covid-19
disease, patients with negative testing for SARS-CoV-2 infection,
patients suspected with infection or those in which SARS-
CoV-2 infection has not been excluded, as this has a decisive
influence on the indication for imaging studies and on respective
protective measures.

INDICATIONS

A strict indication is of primary importance within the context of
a pandemic. This applies to standard cardiological examinations
in cardiac patients infected with Covid-19 as well as in non-
cardiac patients with Covid-19 to evaluate possible Covid-19-
associated cardiac involvement (13). Only examinations that are
clearly necessary for diagnosis and that have a further therapeutic
consequence should be performed in patients with suspected or
confirmed Covid-19 infection, this is also of utmost importance
in TEE studies with increased risk of aerosol generation (10, 14).
Instead of stress echocardiography, alternative forms for testing
should be considered (9).

IMPLEMENTATION

Prior to performing an echocardiography examination during a
pandemic, the patient’s infection status should be determined in
order to assess examination risk constellation. Depending on the
status, appropriate protective equipment should be selected [see
Section Use of Personal Protective Equipment (PPEs), Table 1,
Figure 1]. Testing for SARS-CoV-2 would be desirable, especially
before a TEE examination, however, in an outpatient setting this
is not always feasible (no test available, or test result pending),
therefore use of extensive personal protective equipment is
recommended in this situation (seeTable 1, “Suspected Covid-19
infection”) (15). Patients with suspected or confirmed Covid-19
infection should be examined with a mobile echocardiography
device if possible to avoid virus spread by transport. This
is recommended especially in designated local Covid-19
wards and Covid-19 intensive care units. The examinations
should only be performed by experienced personnel to keep
examination time to a minimum. Examiners > age 60, pregnant
women, persons with chronic conditions (i.e., hypertension,
diabetes mellitus, adipositas, COPD, and pulmonary diseases)
or immunosuppressed/immunocompromised individuals should
avoid contact with patients with suspected Covid-19 and those
with confirmed infections. Teaching or device training should
not take place when examining patients with Covid-19. Authors
also recommend to use limited echocardiography protocols
focusing only on the most important cardiac views in order to
further reduce scan time (16). During the current pandemic, it
is recommend that internet-based training and education (online
lectures, webinars, and use of simulators) should replace bedside
training (17, 18). In the case of suspected Covid-19 infection and
where test results are pending, examinations should be delayed
with the exception of urgent cases. If possible, only one examiner
should perform the echocardiography on one patient per room;

several examiners in the same space should be avoided (11). It is
also recommended that the patient should be ideally positioned,
lying on their left side facing away from the examiner. A drape
covering the patient should be used to reduce physical contact if
only standard protective equipment for the examiner is available.
Where available, transparent drapes should be used to cover
the echocardiography machine (16). The preferred examination
position by the individual examiner should be maintained to
ensure that the quality of the test is not compromised, as this
would potentially result in re-imaging and longer examination
time. The advantages and disadvantages of performing an exam
must be weighed carefully. If possible, only loop recordings
should be captured directly on the device and measurements and
findings should be made subsequently on the computer.

Where available, handheld echocardiography devices, such
as tablet-based systems, to further reduce scan time and
limit the risk of exposure of personnel could be used as
alternatives to conventional echocardiography, at least for
screening examinations (19, 20).

After use, the device, probes and examination table should
be thoroughly cleansed using disinfection towels. TEE probes
should be cleaned, disinfected and sterilized according to the
manufacturer’s instructions. Additionally, the use of virucidal
disinfectants for probe reprocessing and the use of a disposable
protective covering for the TEE probe are recommended
for hygienic reasons [see recommendations proposed by
Jain (21)]. As a substitute to intraoperative TEE, epicardial
echocardiography using a sterile sleeve has been proposed
by Senniappan et al. (22). Also during cleaning procedures,
personnel should wear PPE (8).

USE OF PERSONAL PROTECTIVE
EQUIPMENT (PPEs)

When performing TTE or TEE in patients with suspected Covid-
19 or confirmed infection, comprehensive protective equipment
should be used by the examiner, consisting of examination
gloves, a protective coat, a FFP-2/3 mask, safety glasses/goggles
or face shield, and a surgical cap (17, 23). Local hospital
recommendations and SOPs regarding correct use of personal
protective equipment should be followed.

Use of comprehensive personal protection equipment (PPE)
is also recommended when testing patients without proven
SARS-CoV-2 infection but who have not been tested. After
thorough hand disinfection, this includes use of examination
gloves and a surgical mask; see Table 1, Figure 1). A new
standard requirement is for patients to also wear a facemask in
order to reduce patient-physician transmission risk. In addition,
regular and thorough hand disinfection is recommended for both
the examiner and the patient, as this is an essential element to
prevent spread of the disease (24).

Special care with respect to PPEs should also be given
during TEE examinations, as higher aerosol formation is to
be expected (3). In the case of positive Covid-19 detection,
the use of examination gloves, a protective coat, an FFP-3
mask, safety glasses/goggles or face shield and a surgical cap
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TABLE 1 | Personal protective equipment for echocardiography in Covid-19.

Hand

disinfection

Gloves Protective

coat

Surgical

mask

FFP 2/3

mask

Protective

glasses/face shield

Surgical cap

TTE X X * X FFP 2 mask,

if available

Standard procedure Non-Covid

19 patients

TTE X X X X X X

Covid 19 patients

General ward,

Intensive care unit

(suspected and

diagnosed infection)

(FFP-3 in

Intensive Care

Unit)

TEE X X X X X X

Covid 19 patients

General ward,

Intensive care unit

(suspected and

diagnosed infection)

(FFP-3)

TEE X X X X X X

No suspicion of Covid 19 but

test result

not available or inconclusive

(delay TEE preferable)

(FFP-2)

TEE X X If needed X

FFP 2 mask,

if available

If needed If needed If needed

Negative Covid 19 test result

(increase protective measures if

indicated)

Personal protection recommendations during echocardiographic examinations [adapted from the American Society of Echocardiography, the British Society of Echocardiography, the

European Association of Cardiovascular Imaging recommendations and the Japanese Society of Echocardiography (6, 7, 9, 12)].

*Use a protective drape to cover the patient if the examination position is to the right of the patient.

are recommended. If the Covid-19 test results are inconclusive,
a swab PCR test should be taken before TEE examination if
possible, with the exception of urgent indications. It is generally
preferable to obtain results of Covid-19 tests prior to examination
to save personal protective equipment resources. In the case of
negative Covid-19 results or in those patients hospitalized for
longer period of time without proven infection or symptoms,
then standard protective measures, such as face mask and gloves
may be applied (see Table and Figure). However, if a patient
shows any clinical signs or laboratory signs of florid infection
(i.e., fever, elevated CRP, coughing, and loss of taste), extensive
personal protective equipment is recommended due to increased
aerosol exposure during TEE examinations and possible false
negative results. In case of unclear Covid-19 findings and urgent
indication for TEE, extensive protective equipment should also
be used (Table 1).

USE OF PPEs IN A PEDIATRIC SETTING

The American Society of Echocardiography and the Working
Group on Congenital Heart Disease of the Italian Society
of Cardiology have offered specific Covid-19 examination
recommendations for children and infants (25, 26). While
children as an entire group appear to be at lower risk
of severe infection when compared to adults, certain sub-
groups of children may be more susceptible to severe disease
courses and have the need for frequent examinations by

means of echocardiography, e.g., children with congenital heart
disease. Even though higher case-fatality rates in patients with
cardiovascular diseases were initially assumed, most patients with
congenital heart disease experience mild COVID-19 symptoms,
though data on children remain scarce (27). Most children
who are infected with SARs-CoV-2 have mild symptoms or
are asymptomatic, which creates a special challenge to protect
healthcare staff from exposure. TTE and TEE should only be
performed if they are expected to provide clinical benefit. Given
the higher risk of transmission in asymptomatic children, most
centers are performing SARs-CoV-2 testing in all new pediatric
admissions. If possible, imaging should be performed and images
saved by a single experienced staff member and retrieved at a
later time for evaluation. Prolonged scanning should be avoided.
In infants and children in whom Covid-19 has not been ruled
out, infection should be assumed and appropriate PPEs as well
as meticulous and frequent handwashing are required. One
single caregiver should accompany the child during the exam
to facilitate the cooperation of an active child and should be
fitted with a mask as well. Protective coverings on devices and
disinfection should be done per standard protocols.

In patients with documented negative Covid-19 testing within
72 h arriving for examination risk of infection is low and
standard gloves, face mask and eye protection is recommended.
In patients with known Covid-19 infection or in which infection
with SARS-CoV-2 cannot be ruled out, strict protocols for
PPE use must be followed. If possible, staff members with risk
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FIGURE 1 | Recommended local procedure for Echocardiographic examinations during the SARS-CoV-2 pandemic [adapted from the recommendations of the

American Society of Echocardiography (6)]].

factors (> 60 years, chronic illness, immunocompromised and
pregnancy) should not perform echocardiography exams. As a
general rule, children below the age of six are exempt of wearing
a face mask, whereas wearing a mask in older children should be
mandatory during examinations.

CONCLUSION

In summary, in the context of the SARS-CoV-2 pandemic, a
concise indication warranting echocardiography examination is
essential to minimize transmission risk and limit use of personal
protective equipment resources. It is important to emphasize
that necessary echocardiographic examinations should not be
postponed to the detriment of the cardiac patient collective
due to heightened protection requirements during the current
pandemic. In the case of proven and not explicitly excluded
SARS-CoV-2 infections, personal protective equipment should
be used during the examination to protect the medical staff and
other patients.

This pandemic represents a very challenging situation
for healthcare workers and hospitals. Apart from adapting
daily clinical routines to adequately meet patient needs
while protecting healthcare workers, also concepts for
echocardiography teaching and education require customization
for patient and staff protection alike (18). As the status of this
worldwide pandemic represents an ever-changing situation
and knowledge regarding protective measures is expanding
on a monthly basis we sought to provide a state of the art
overview on current recommendations and novel concepts for
cardiovascular imaging.
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