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Abstract
Objectives This survey conducted by the International Society of Radiology and supported by the European Society of Radiology
aimed to collect information regarding radiology departments’ current practices in the management of patients with COVID-19.
Methods Responses from 50 radiology departments involved in the management of COVID-19 patients representing 33 coun-
tries across all continents were analyzed. The analysis revealed important variations in imaging practices related to COVID-19
across the world for different disease severity and various clinical scenarios.
Results Imaging is usually not performed in asymptomatic patients (69% of institutions do not image) but is used at the end of
confinement (in 60% of institutions). In the majority of institutions, chest imaging is used in suspected or confirmed patients with
COVID-19 (89% and 94%). All imaging departments involved in this survey reported the use of imaging in COVID-19 patients
showing severe symptoms or who were critically ill. However, there is a wide variation in imaging modality type used for each
clinical scenario. The use of imaging is applied in line with existing guidelines and recommendations in 98% of institutions with
structured reporting recorded in 58% of institutions. The vast majority of institutions reported a significant impact of the COVID-
19 pandemic on the imaging department’s routine activity (83%).
Conclusion We believe that the results of this survey will help to understand current heterogeneities in radiology practice and to
identify needs and gaps in the organization and function of radiology departments worldwide in relation to the COVID-19
pandemic. The results of this survey may inform the development of an overall strategy for radiology department organization
and imaging protocols in pandemic conditions.
Key Points
• The results of this survey, which included responses from 50 radiology departments representing 33 countries, showed
important variations in imaging practices related to COVID-19 across the world.

• While imaging is usually not performed in asymptomatic patients (69% of institutions), it is used in suspected or confirmed
patients with COVID-19, in COVID-19 patients showing severe symptoms or who were critically ill, and at the end of
confinement (89%, 94%, 100%, 100%, 60% of institutions, respectively). However, there is a wide variation in imaging
modality type used for each clinical scenario.

• In 98% of institutions, the use of imaging is applied in line with existing guidelines and recommendations, with structured
reporting recorded in 58% of institutions. COVID-19 pandemic made a significant impact on the imaging department’s routine
activity in 83% of institutions.
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Abbreviations
ACR American College of Radiology
BSTI British Society of Thoracic Imaging
CBR Brazilian College of Radiology
COVID-19 Coronavirus disease 2019
CSR Chinese Society of Radiology
CXR Chest X-ray
ENT Ears, nose, and throat
ESR European Society of Radiology
ESTI European Society of Thoracic Imaging
HAS French National Health Authority
ICU Intensive care units
ISR International Society of Radiology
LUS Lung ultrasound
PE Pulmonary embolism
RANZCR Royal Australian and New Zealand College

of Radiologists
RCR UK Royal College of Radiologists
RSR Russian Society of Radiology
RT-PCR Reverse transcriptase polymerase chain

reaction
SERAM Spanish Society of Radiology
SFR French Society of Radiology
STR Tunisian Society of Radiology

Introduction

A group of patients with atypical pneumonia was identified in
Wuhan, China, in December 2019. The causative virus was
named severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) and the associated disease—coronavirus dis-
ease 2019 (COVID-19) [1–3]. Soon thereafter, COVID-19
has spread rapidly throughout the world. The World Health
Organization (WHO) declared the outbreak of public health
emergency of international concern at the end of January 2020
and in March 2020 the global health situation was character-
ized as a pandemic outbreak.

Although the diagnosis of COVID-19 is confirmed by the
identification of viral RNA in reverse transcriptase polymer-
ase chain reaction (RT-PCR), chest imaging plays an impor-
tant role in the diagnostic workup of patients with possible or
suspected disease, in particular in settings where RT-PCR
testing is not available or test results are delayed, as well as
in patients showing respiratory symptoms associated with
COVID-19 in whom RT-PCR tests are initially negative.
Furthermore, chest imaging is used in the clinical manage-
ment and follow-up of patients with COVID-19 in addition
to laboratory parameters and clinical findings. Finally, in
some patients with COVID-19, different imaging exams and
image-guided procedures of various body sections have to be
undertaken in line with proper indications [4].

In the context of the COVID-19 pandemic, all health facil-
ities have been faced with an urgent need for setting up new
organization models and adapting protocols regarding the
management of patients with COVID-19. Radiology depart-
ments also had to adapt their workflow and to organize work-
force according to the new circumstances. The International
Society of Radiology (ISR) and the European Society of
Radiology (ESR) recognized a need to get an insight of radi-
ology department organization during the COVID-19 pan-
demic and therefore conducted this global survey with the
aim to collect information regarding current practices of radi-
ology departments in the management of COVID-19 patients.

Material and methods

The survey was conducted from the 6th to 26th of April 2020.
For this purpose, an online questionnaire regarding the use of
imaging in COVID-19 patients was prepared using Survey
Monkey. The survey was sent to renowned representatives
of ISR and ESR member countries.

The questionnaire was composed of six clinical scenarios
regarding different levels of disease probability (suspected
case/confirmed case), disease severity (asymptomatic/severe
symptoms/critically ill patient), and patient management (hos-
pital discharge). The use of imaging was assessed first in two
clinical scenarios set up in situations of different probabilities
of COVID-19—in symptomatic patients with suspected
COVID-19 and in patients with confirmed disease, and sec-
ondly in three clinical scenarios with different disease
severities—in asymptomatic subjects, in patients with severe
symptoms and in critically ill patients. Furthermore, the use of
imaging for decision-making related to the discharge of hos-
pitalized patients with COVID-19 was investigated. Under
each scenario, several questions were posed about the type
of imaging modality performed (chest X-ray, chest CT, lung
US, MRI) and the reason for imaging use in that particular
clinical scenario. Additionally, three general questions on
whether departments undertook the measures recommended
by existing guidelines, structured reporting of imaging in pa-
tients with COVID-19, and the impact of the COVID-19 pan-
demic on radiological department’s organization were includ-
ed in the survey. Finally, at the end of the survey, respondents
could add any type of comments in a free-text field. The sur-
vey questionnaire form is included in Annex 1.

Results

Information about the use of imaging in patients with
suspected or confirmed COVID-19 was collected in order to
assess current imaging practices in different clinical scenarios
related to COVID-19. The survey gathered responses from 52
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institutions settled in 34 countries representing six continents
as follows: 10 institutions from six countries in Africa, nine
institutions from seven countries in Asia, one institution from
Australia, 22 institutions from 15 countries in Europe, five
institutions from two countries in North America, and five
institutions from three countries in South America (Table 1).

Two radiology departments, one institution in Poland and
one in The Netherlands, completed the survey, but since they
have not been involved in the management of COVID-19
patients, data from those two institutions were excluded from
further analysis. Finally, responses from 50 radiology depart-
ments from 33 countries were analyzed. The response rate was
88%.

The questions in the survey referred to the use of imaging
in patients with suspected or confirmed COVID-19 from
asymptomatic to critically ill and at the end of confinement.
For diagnostic workup and management purposes in patients
with suspected or confirmed COVID-19, chest imaging was
performed both on an outpatient basis and during the hospi-
talization, depending on the specific clinical scenario.
Important variations in imaging practices related to COVID-
19 across the world have been revealed for different disease
severity and various clinical scenarios.

In the majority of institutions (69%), imaging is not per-
formed in asymptomatic subjects. Of those who use imaging
for the detection of lung disease related to COVID-19, 50%
use chest X-ray (CXR), 36% chest CT, and 14% both modal-
ities (CXR and CT). The rationale for use of imaging is its
ease of access (57%) and because the results of imaging are
faster than molecular test results (36%), while in 7% of the
institutions, molecular tests were not available.

In symptomatic patients with suspected COVID-19, the
vast majority of imaging departments perform imaging
(89%), of which 37% use chest X-ray, 34% chest CT and
29% both modalities (CXR and CT). Faster results than mo-
lecular tests (51%) and easy access (39%) were the main rea-
sons for imaging use, while in 5% of the institutions there was
no access to molecular tests. Geographical variations in the
use of imaging in symptomatic patients with suspected
COVID-19 are presented in Fig. 1.

In patients with confirmed COVID-19, imaging is per-
formed in the vast majority of imaging departments (94%),
of which 22% use chest X-ray, 28% chest CT, and 43% both
CXR and CT. In some institutions, the combination of three
modalities (CXR, CT and lung ultrasound [LUS] or CT, LUS
andMRI [4% and 2%]) is used. The purpose of imaging use in
patients with confirmed COVID-19 was the detection of lung
disease (96%) or thrombotic complication (52%) related to
COVID-19. Geographical variations in the use of imaging in
patients with confirmed COVID-19 are shown in Fig. 2.

All imaging departments analyzed in this survey reported
the use of imaging in patients with COVID-19 showing severe
symptoms or who were critically ill. For those reasons, chest

X-ray is performed in 10% and 33% of institutions respective-
ly, chest CT in 31% and 19% of institutions, both CXR and
CT in 49% and 23% of institutions, and three imaging modal-
ities (CXR, CT, and LUS) in 6% and 13% of institutions.
Additionally, in patients with severe symptoms, the combina-
tion of chest CT and LUS was used in 4% of institutions,
while in 13% of institutions the combination of CXR and
LUS was used in patients who were critically ill. The purpose
of imaging use in patients showing severe symptoms or being
critically ill was the detection of lung disease (98% and 88%
respectively) or thrombotic complication (73% and 54%

Table 1 List of countries and number of institutions from each country
that participated in the survey

Country Number of institutions

1. Algeria 1

2. Argentina 1

3. Australia 1

4. Austria 1

5. Belgium 1

6. Brazil 3

7. Canada 1

8. Chile 1

9. China 2

10. Croatia 1

11. Egypt 1

12. France 4

13. Germany 1

14. Greece 1

15. Hungary 1

16. India 1

17. Iran 1

18. Ireland 1

19. Israel 1

20. Italy 3

21. Japan 1

22. Kenya 2

23. Netherlands 2

24. Poland 1

25. Russian Federation 1

26. South Africa 4

27. South Korea 1

28. Spain 2

29. Taiwan 2

30. Tunisia 1

31. Turkey 1

32. Uganda 1

33. UK 1

34. USA 4

52
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respectively) related to COVID-19. Geographical variations
in the use of imaging in patients with COVID-19 showing
severe symptoms or who were critically ill are shown in
Figs. 3 and 4.

At the end of confinement, imaging is used in 60% of
institutions (45% CXR, 38% CT, and 17% both modalities)
in order to follow-up lung disease. Graphical representation of
the general use of imaging related to COVID-19 and the use of
different imaging techniques in various clinical scenarios are
given in Figs. 5 and 6.

The use of imaging is organized in line with guidelines and
recommendations in 98% of institutions (70% of those insti-
tutions follow national guidelines or recommendations, 55%
local guidelines or recommendations, and 28% other guid-
ance, e.g., from international professional societies).
Structured reporting is performed in 58% of institutions ana-
lyzed in this survey. In all institutions, reports were made by
radiologists. The vast majority of institutions reported a sig-
nificant impact of the COVID-19 pandemic on the imaging

department’s routine activity (83%), 8% reported moderate,
and 8% low impact.

Discussion

SARS-CoV 2, a new coronavirus infection, is responsible for
the respiratory disease COVID-19 for which the diagnosis
relies on the identification of viral RNA by the reverse-
transcription polymerase chain reaction [1–3]. However, im-
aging can also identify and characterize pulmonary involve-
ment of COVID-19 [4].

One can see from the survey that the practice of imaging in
COVID-19 differs throughout the world, and environments
differ considerably, especially regarding the utilization of con-
ventional chest X-ray. To summarize broadly what was re-
ported in the survey, conventional chest X-ray is mostly used
in intensive care units (ICU) at patient bedside and for the
follow-up of patients during treatment. Mobile X-ray units

Fig. 2 Map chart showing geographical variations in the use of imaging in patients with confirmed COVID-19 (different answers from institutions in the
same country are given in the side table)

Fig. 1 Map chart showing geographical variations in the use of imaging in patients with suspected COVID-19 (different answers from institutions in the
same country are given in the side table)
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have a huge role in the COVID-19 pandemic. Ultrasound is
used for bedside imaging and in the ICU, mostly by
intensivists, usually using small mobile US units for point-
of-care ultrasound. The use of CT varies considerably; routine
screening CT for the identification of COVID-19 pneumonia
is not recommended by most radiology societies, but CT may
be performed in patients who are under investigation. Most
agree to use contrast-enhanced chest CT to rule out pulmonary
embolism (PE) and for the evaluation of lung volume under
different pressures and changes in ventilation [5–17]. It is
known that CXR is not as sensitive as CT [5] for the detection
of ground-glass opacities, which are the main imaging fea-
tures of COVID-19 pneumonia, but CXR is in general much
easily accessible than CT.

Survey results demonstrate that the most applied imaging
modalities are CXR, using mobile X-ray units for hospitalized
patients, and chest CT. In general, X-ray is used more fre-
quently than CT in asymptomatic patients, which probably
reflects easier access to X-ray equipment. CXR is mostly used
for the ICU at patient bedside and for the follow-up of patients

during treatment. In critically ill patients, bedside CXR with
portable X-ray units has advantages over CT because it is
difficult and cumbersome to transport critically ill patients to
CT units. LUS is in practice mostly used by intensive care
physicians using point-of-care ultrasound at patient bedside.
The utilization of CT depends a lot on local circumstances in a
specific area since inequality in health care access is huge
around the world. European and Chinese professional socie-
ties advocate for the use of CT more than others [5, 6], but
most societies worldwide do not recommend routine use of
CT for the identification of COVID-19 pneumonia, although
CT may be performed in patients who are under investigation
for possible complications [7–17]. Most agree to use contrast-
enhanced chest CT (CT angiography) to rule out PE and other
complications related to ventilation. The fact that CT is used
more frequently in symptomatic patients and to detect com-
plications reflects advantages that CT as a modality offers
compared with CXR. Patients with mild symptoms are very
common, and one could conclude that imaging is not indicat-
ed in patients with negative COVID-19 tests, while it is

Fig. 4 Map chart showing geographical variations in the use of imaging in critically ill patients with COVID-19 (different answers from institutions in
the same country are given in the side table)

Fig. 3 Map chart showing geographical variations in the use of imaging in COVID-19 patients showing severe symptoms (different answers from
institutions in the same country are given in the side table)
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indicated only in patients with mild features consistent with
COVID-19, any pre-test probability, and unavailable or posi-
tive COVID-19 test if there are risk factors for disease pro-
gression. Also, the discrepancies are present between the
guidelines regarding the performance of CT periodically on
a routine basis. Although imaging is not used routinely in
diagnosing COVID-19, in many cases patients have inciden-
tally detected findings on conventional CXR or chest CT that
might point to COVID-19 pneumonia as a possible cause of
findings.

Our survey showed that imaging is used in 60% of institu-
tions at the end of confinement. The WHO rapid advice guide
on the use of chest imaging in COVID-19 does not recom-
mend using chest imaging for hospitalized patients with
COVID-19 whose symptoms are resolved to inform the deci-
sion regarding discharge. However, imaging in those circum-
stances may be useful in patients who have had a severe form
of COVID-19 or pre-existing chronic lung disease [18].

The guidelines on the use of imaging in COVID-19 differ
at a smaller or larger extent depending on the country or re-
gion and the level of and access to healthcare in the respective
country or area of the world and it seems that they also reflect

the local situation of the COVID-19 pandemic. In this section,
we present recommendations of professional societies from
countries with the largest proportions of COVID-19 patients,
keeping at least one representative from each continent.

According to the Chinese Society of Radiology (CSR),
CXR is not recommended for use on admission due to low
sensitivity, and the first choice for radiological examination of
COVID-19 is CT scan. CSR recommends repeating chest CT
within 3–5 days for newly diagnosed patients with initially
negative chest CT and within 5–7 days for patients with atyp-
ical clinical manifestations of diagnosed disease. For severe
patients, bedside CXR can be used to observe the progression
of the disease [6].

The Fleischner Society, an international multidisciplinary
medical society dedicated to thoracic radiology, does not rec-
ommend imaging as a screening test for COVID-19 in asymp-
tomatic individuals, while for symptomatic patients, the de-
tailed recommendations are stratified based on the severity of
symptoms (mild vs. moderate to severe), pre-test probability
(any vs. low vs. high), and COVID-19 testing [7]. In patients
with mild features consistent with COVID-19, any pre-test
probability, and negative COVID-19 test, imaging is not

Fig. 5 Use of imaging related to COVID-19: in asymptomatic patients (a), symptomatic patients suspected of COVID-19 (b), confirmed patients (c),
patients with severe symptoms (d), critically ill patients (e), and at the end of confinement (f)
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indicated. Imaging is indicated in patients with mild features
consistent with COVID-19, any pre-test probability, and un-
available or positive COVID-19 test if there are risk factors for
disease progression; in patients with moderate to severe fea-
tures consistent with COVID-19 and high pre-test probability
regardless of COVID-19 test results; and in patients with
COVID-19 showing worsening respiratory status.

The European Society of Radiology (ESR) and European
Society of Thoracic Imaging (ESTI) recommend that CT
should not be performed as a screening test in patients with
mild or no symptoms [5]. In patients with suspected or con-
firmed COVID-19, chest X-ray is not recommended as the
first-line technique since it is not sensitive for the detection
of ground-glass opacities characteristic of COVID-19 pneu-
monia and should be restricted to the follow-up of patients
admitted to ICU who are too fragile to be sent for CT. In those
patients, ultrasound at the bedside is also recommended for
the detection of complications such as pleural effusions or a
pneumothorax under mechanical ventilation. If supplementa-
ry oxygen is needed in patients with limited disease extension,
other diagnoses, especially PE, should be suspected and an
additional contrast-enhanced CT may be indicated. Repeat
CT scans are indicated in cases with suspected complications
(e.g., PE, superinfection), but indications for repeat CT scans
should be considered carefully, as the transport of patients

from the ward to the CT unit is associated with the risk of
contamination of personnel and other patients. In patients who
are recovering, a repeat CT is not necessary.

The French Society of Radiology (SFR) advises against the
use of chest CT for screening in patients without signs of
severity and without comorbidities. Non-contrast high-resolu-
tion chest CT is indicated in patients under hospital care with
suspected or confirmed COVID-19 diagnosis and initial or
secondary signs of clinical severity (e.g., dyspnea,
desaturation) [8]. In COVID-19-positive intensive care pa-
tients who are worsening, contrast-enhanced CT should be
performed. The French National Health Authority (HAS) does
not recommend chest imaging for screening purposes on pa-
tients without signs of severity for the diagnosis of COVID-19
either [9]. However, they advise utilization of chest CT in the
absence of rapid biological tests for the detection of silent lung
lesions in adult patients with unknown COVID-19 status who
need to undergo emergency interventions (ENT, oncology,
stroke, hemorrhage, etc.). Chest CT is indicated to guide the
management and monitoring of pulmonary symptoms in pa-
tients with COVID-19.

The British Society of Thoracic Imaging (BSTI) is far more
restrictive regarding the use of chest CT. They do not see the
practical value of using CT for asymptomatic patients regard-
less of the level of clinical suspicion and for patients with high

Fig. 6 Imaging technique used related to COVID-19 (if imaging is performed): in asymptomatic patients (a), symptomatic patients suspected of
COVID-19 (b), confirmed patients (c), patients with severe symptoms (d), critically ill patients (e), and at the end of confinement (f)
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clinical suspicion but negative initial RT-PCR [10].
According to BSTI, chest CT should be performed as an initial
diagnostic tool, if a chest radiograph was normal or was not/
could not be performed and there is a lack of initial RT-PCR
testing availability. In patients with COVID-19 RT-PCR-
positive results, BSTI does not envisage a role for CT.
Similarly, the UK Royal College of Radiologists (RCR) ad-
vises that there is no role for CT in the diagnostic assessment
for patients with suspected COVID-19 [11].

The Spanish Society of Radiology (SERAM) recommends
the use of imaging based on clinical and laboratory data [12].
Imaging is not indicated for COVID-19 screening in asymp-
tomatic patients, but is indicated if patients have acute respi-
ratory illness including pneumonia, even without fever or
acute deterioration of chronic cardiorespiratory disease, or in
patients with acute respiratory symptoms who are immuno-
suppressed. Also, chest CT is recommended in patients with
an urgent indication of any surgery who cannot wait for the
PCR result, regardless of the presence of COVID-19 symp-
toms. Imaging techniques can be considered a diagnostic al-
ternative in the management of emergency patients, especially
in cases where access to RT-PCR tests is limited or there is a
clinical-radiological suspicion of a false-negative finding of
the PCR. Chest CT is advised in patients with high clinical
suspicion of COVID-19 at admission, negative PCR, and in-
conclusive or suspicious CXR for COVID-19. In hospitalized
patients, imaging should not be obligatory, but must be based
on clinical evolution. Patients with confirmed COVID-19 and
clinical worsening with suspected PE or bacterial superinfec-
tion and the appearance of pleural effusion require chest CT.

The Russian Society of Radiology (RSR) advises against
X-ray and CT in asymptomatic patients [13]. CXR is recom-
mended in the presence of symptoms and clinical signs of
acute respiratory viral infections, and mobile radiography is
considered an important tool for diagnosis of lung pathology
in ICUs. Chest CT is recommended for the initial evaluation
of the lungs of patients with severe and progressive forms of
the disease. Lung ultrasound is considered an additional im-
aging method that does not replace or exclude X-ray and CT.
Imaging is also used for the follow-up of the disease, to assess
whether a patient should be transferred to the intensive care
unit, and for patient discharge.

According to the American College of Radiology (ACR)
recommendations, CT should not be used as a screening test
or as a first-line test for diagnosis in patients with suspected
COVID-19, but chest CT should be sparingly used and re-
served for hospitalized and symptomatic patients with specific
clinical indications for CT [14]. For patients known to have
tested positive or persons under investigation for COVID-19,
the ACR recommends that practitioners minimize the use of
MRI except where absolutely necessary. In some cases, the
use of alternative imaging methods such as point-of-care ul-
trasound or portable X-ray equipment may be appropriate.

The Brazilian College of Radiology (CBR) does not rec-
ommend imaging in asymptomatic patients with suspected
COVID-19 infection [15]. In PCR/Anti-IgM-positive patients
with mild to moderate symptoms, any imaging exam is rec-
ommended. In patients with suspected COVID-19 infection
with severe symptoms who are hospitalized, chest CT is ad-
vised if complications are suspected (e.g., PE, overlapping
bacterial infection).

The Royal Australian and New Zealand College of
Radiologists (RANZCR) does not recommend the use of chest
CT for management of COVID-19 due to poor sensitivity and
radiation exposure risk and strongly advises against
conducting routine chest CT scans for individuals undergoing
emergency surgery in Australia and New Zealand [16].

The Tunisian Society of Radiology (STR) does not recom-
mend the use of CXR or CT in patients with suspicious but not
confirmed COVID-19 without clinical signs of severe disease,
comorbidities, or who are not hospitalized [17]. CXR is indi-
cated in patients who require hospitalization. Indications for
CT are discussed for hospitalized patients on a case-to-case
basis depending on the possible complications.

Our study has some limitations. We have not applied any
strict inclusion criteria for the survey. Instead, it was sent to
renowned representatives of ISR and ESR member countries
which represents a selection bias. Questions on the resources
available for diagnostic workup and management of patients
with suspected or confirmed COVID-19 patients in health
centers have not been included in the survey. The impact of
the imaging findings on clinical decision-making and change
in the clinical management was not investigated either. It is
planned to cover those issues by a follow-up survey.

Guidelines and recommendations of national and regional
professional societies differ to a certain degree. The results of
our survey are mostly in accordance with the guidelines of the
relevant authority in the respective country or region. As a
conclusion, it is obvious that the practice of imaging in
COVID-19 differs throughout the world, especially regarding
the utilization of conventional chest X-ray and computed to-
mography; we believe that the results of this survey will help
to understand current practice heterogeneities and to identify
needs and gaps in the organization and function of radiology
departments worldwide in relation to the COVID-19 pandem-
ic. The results of this survey may inform the development of
an overall strategy for radiology department organization and
imaging protocols in pandemic conditions.
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