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Objectives—To develop a consensus statement on the use of lung ultrasound
(LUS) in the assessment of symptomatic general medical inpatients with known
or suspected coronavirus disease 2019 (COVID-19).

Methods—Our LUS expert panel consisted of 14 multidisciplinary international
experts. Experts voted in 3 rounds on the strength of 26 recommendations as
“strong,” “weak,” or “do not recommend.” For recommendations that reached con-
sensus for do not recommend, a fourth round was conducted to determine the
strength of those recommendations, with 2 additional recommendations considered.

Results—Of the 26 recommendations, experts reached consensus on 6 in the
first round, 13 in the second, and 7 in the third. Four recommendations were
removed because of redundancy. In the fourth round, experts considered 4 rec-
ommendations that reached consensus for do not recommend and 2 additional
scenarios; consensus was reached for 4 of these. Our final recommendations
consist of 24 consensus statements; for 2 of these, the strength of the recom-
mendations did not reach consensus.

Conclusions—In symptomatic medical inpatients with known or suspected
COVID-19, we recommend the use of LUS to: (1) support the diagnosis of
pneumonitis but not diagnose COVID-19, (2) rule out concerning ultrasound
features, (3) monitor patients with a change in the clinical status, and (4) avoid
unnecessary additional imaging for patients whose pretest probability of an alter-
native or superimposed diagnosis is low. We do not recommend the use of LUS
to guide admission and discharge decisions. We do not recommend routine
serial LUS in patients without a change in their clinical condition.
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A s of October 18, 2020, according to the World Health
Organization Weekly Epidemiological Update, there were
more than 40 million confirmed cases of coronavirus
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disease 2019 (COVID-19) infection worldwide, with
1.1 million deaths reported.1 In response to this
disease, multiple health care processes had to be
adapted.2 The scope of these adaptions has been
extensive. For example, physical distancing measures
had to be incorporated into the work flow. Health
care processes had to be modified on the basis of the
testing indications,3 availability of personal protective
equipment, and other diagnostic capability, all of
which may change depending on the stage of the
COVID-19 surge.4,5

The use of lung ultrasound (LUS) in the evalua-
tion of patients with known or suspected COVID-19
has shown promise.6 Coronavirus disease 2019 pre-
dominantly affects the periphery of the lung.7,8

Therefore, from a theoretical perspective, LUS should
be able to readily identify these pleural-based abnor-
malities. Indeed, published reports to date suggest
that LUS findings in COVID-19 appear to corre-
spond directly to the peripheral lesions found on
computed tomography (CT).9–12 An LUS examina-
tion is performed at the bedside by the treating clini-
cian. Thus, from a practical standpoint, LUS does not
expose additional personnel, transport staff, or imag-
ing departments to infectious risks. In addition, point-
of-care ultrasound (POCUS) devices tend to be
smaller than equipment used for chest radiography
and CT and thus are easier to clean and disinfect, and
when used appropriately, the use of LUS in COVID-
19 may reduce unnecessary use of other imaging
modalities, thereby improving care efficiency.13,14

However, the use of LUS is not risk free.
Although LUS examinations can be quickly per-
formed by those who are proficient in the use of
LUS, often in less than 5 minutes,13 its use does
impose additional exposure time for the practitioner
in close proximity to the patient. Furthermore, the
device must be appropriately disinfected after each
use, requiring disinfectant and wipes, which may
already be in low supply. Thus, the routine use of
LUS without regard for its indications, expected clini-
cal utility, and implications on health care resource
use cannot be recommended.15 There is a clear need
for guidance on the appropriate use of LUS in the
assessment of medical inpatients with known or
suspected COVID-19. To address this gap, we devel-
oped a consensus statement on the use of LUS in the
assessment of symptomatic general medical inpatients

in Canada, based on expert opinions from an interna-
tional multidisciplinary panel.

Materials and Methods

We did not seek ethics approval for this study based
on a pRoject Ethics Community Consensus Initiative
Ethics Screening tool score indicating minimal risk
(https://albertainnovates.ca/programs/arecci/). All
experts consented to participate in this consensus
statement work. Our LUS expert panel consisted of
3 existing Canadian Internal Medicine Ultrasound
(CIMUS) group members (2 general internists [I.W.
Y.M. and S.A.] and 1 critical care physician [B.B.]).
To ensure an appropriate breadth of specialist
involvement and clinical experience with the various
stages of the surge of COVID-19, using a non-
probability sampling strategy, we invited additional
experts on the basis of their known clinical expertise,
specialized POCUS training, or international reputa-
tion. Additional panel members included 4 Canadian
pulmonary specialists (D.J.M., C.A.H., B.W., and
E.D.), 1 American pulmonary specialist (A.C.),
3 American emergency physicians (V.N., A.S.L., and
R.B.L.), 3 American physicians specializing in hospital
medicine (G.M., T.W., and M.W.), and 1 internist
from Brazil (A.C.T.). In addition, we had 1 external
consulting member (A.H., an American intensivist/
anesthesiologist working overseas and president of an
ultrasound [US] society).

The chair of the group (I.W.Y.M.) created the
draft guideline elements and did not vote; the exter-
nal consulting member also did not vote. The
remaining 14 experts participated in voting. A total of
26 recommendations were considered. Recommenda-
tions were drafted on the basis of scenarios relevant
to the inpatient practice of internal medicine and a lit-
erature review, performed in PubMed in April 2020
using the search terms COVID, COVID-19, cor-
onavirus*; point-of-care ultrasound, ultrasound, lung
ultrasound, sonography, ultrasonography, imaging;
and pneumon*, lung, resulting in 554 articles, of
which 57 were deemed highly relevant (available at
https://tinyurl.com/y38cpr67). For each recommen-
dation, experts were asked to rate the strength of the
recommendation based on the Grading of Recom-
mendations Assessment, Development, and
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Evaluation system, as either “strong,” “weak,” or “do
not recommend”; rating was based on the individual
expert-based estimated quality of the supporting evi-
dence and the balance between benefits and antici-
pated harm.16,17 We determined a priori that no more
than 3 rounds of online surveys would be conducted.
These were conducted between April 30 and June
2, 2020. Surveys were administered on an online plat-
form (Qualtrics, Provo, UT). Consensus was defined
as agreement by at least 70% of the experts.18 Experts
voted anonymously. Feedback to experts on results
from the preceding rounds consisted of percentages of
participants who chose each option as well as key rele-
vant comments. Recommendations that did not reach
consensus were considered in subsequent rounds, with
or without modifications based on expert comments.
For recommendations that reached consensus for do
not recommend, an additional fourth round was con-
ducted in August 2020 to determine the strength of
these recommendations. Two additional questions
were also included in this final round.

Results

All 14 experts participated in all 4 rounds. Of the
26 recommendations considered, 10 related to rec-
ommendations on the general use of LUS (Table 1),
11 on its use on patients with moderate or severe
symptoms, and 5 on its use on patients with minimal
symptoms. Of the 26 recommendations, experts
reached consensus on 6 of these in the first round;
consensus was reached on 11 for inclusion but not on
strength, and no consensus was achieved on 9 recom-
mendations. Of the 20 recommendations considered
in the second round, experts reached consensus on
13 of these for strength, 3 on inclusion, but not on
strength, and no consensus was attained on 4 recom-
mendations. Of the 7 recommendations considered
in the third round, experts reached consensus on all.
Four recommendations were removed because of
redundancy, resulting in 22 recommendations. An
additional fourth round was conducted to ascertain
consensus on the strength of 4 recommendations that
reached consensus for do not recommend and 2 addi-
tional scenarios that were not considered in the initial
rounds (patients with moderate or severe symptoms
and negative chest CT findings and patients with

minimal symptoms and positive chest radiographic
findings). For these, experts reached consensus on
4 of these. There was no consensus on the strength
of 2 recommendations, with 50% of the panel voting
for strong and 50% for weak in both cases (Table 1).

Scope of Recommendations
All recommendations were considered in the context of
the following conditions: (1) a POCUS device is readily
available; (2) a trained POCUS practitioner is available
and skilled at image acquisition, interpretation, and clini-
cal integration; (3) POCUS images/clips are archivable
for later review; (4) POCUS devices are appropriately
cleaned and disinfected after each use; and (5) the
health care capacity is such that other imaging modali-
ties can be available. Last, these recommendations are
intended for the Canadian internal medicine inpatient
setting. They do not apply to patients in the outpatient
or critical care/intubated setting.

Final Consensus-Based Recommendations
General Use of LUS in the Assessment of Medical
Inpatients With Known or Suspected COVID-19
1. In addition to the usual lung scan regions, posterior
lung zones of the patient should be scanned wherever
possible (strong recommendation).

Before COVID-19, a number of standardized lung-
scanning protocols were published,19–23 which varied in
terms of the number and locations of lung zones rec-
ommended to be scanned. Existing radiologic data on
COVID-19 suggest that the patchy bilateral, multifocal
ground-glass opacity and abnormalities typically found
on CT were predominantly identified in the lower24–31

and posterior lung zones.25,28–30,32 These areas were
similarly involved according to studies on LUS find-
ings.33,34 Although a number of LUS-scanning proto-
cols have been proposed for COVID-19,35–40 there
currently are no data to support the use of one protocol
over another. Moreover, although the 8-zone method
was commonly used before COVID,19 variability in
practice exists. Thus, rather than adopting a prescriptive
approach, we recommend that, based on the known
distribution of lung findings in patients with COVID-
19, posterior lung zones be scanned wherever possible,
in addition to the usual scan areas.

2. Pneumonitis on LUS imaging is supported by
the following findings: pleural irregularity; patchy B-
lines that may be focal, multifocal, or confluent;
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subpleural consolidation; and localized/focal pleural
effusion. These findings may be present in any combi-
nation and are not diagnostic of COVID-19 (strong
recommendation).

A number of LUS findings have been described
in patients with COVID-19 without preexisting lung
disease, including pleural irregularity, subpleural
consolidation, localized/focal pleural effusion, and

Table 1. Recommendations on the Use of Lung POCUS in the Assessment of Medical Inpatients With Known or Suspected COVID-19

Recommendation Strengtha

General
1. In addition to the usual lung scan regions, posterior lung zones of the patient should be scanned wherever possible. Strong2

2. Pneumonitis on LUS imaging is supported by the following findings: pleural irregularity; patchy B-lines that may be focal,
multifocal, or confluent; subpleural consolidation; and localized/focal pleural effusion. These findings may be present in
any combination and are not diagnostic of COVID-19.

Strong1

3. In patients with preexisting pleural or interstitial lung disease, we recommend that LUS findings be interpreted with
caution.

Strong1

4. Presence of any of the following on LUS imaging should prompt an additional workup, as these are considered less
likely for COVID-19: large consolidation and large or complex pleural effusion.

Strong1

5. In a patient with suspected COVID-19, while performing the LUS examination, we recommend evaluating concurrently for
the presence/absence of pneumothorax.

Strong2

6. We do not recommend that admission decisions be made on the basis of the severity of LUS findings. Weak3

7. We do not recommend that discharge decisions be made on the basis of LUS findings. Weak3

8. For admitted patients, we do not recommend that serial LUS examinations be performed routinely without a change in
the clinical condition.

Weak2

9. For admitted patients, serial LUS examinations should be performed in the presence of a change in the clinical status. Strong2

Assessment of patients with moderate or severe symptoms
10. LUS should be the initial imaging of choice. Strong3

11. Positive LUS findings for pneumonitis would not diagnose COVID-19 but would support the diagnosis of pneumonitis. Strong1

12. Positive LUS findings for pneumonitis may preclude the need to pursue additional imaging if the pretest probability of
an alternative or superimposed diagnosis is low.

Strong2

13. Entirely negative LUS findings for pneumonitis would make COVID-19 less likely. An additional workup for other causes
of pulmonary symptoms is recommended.

Strong2

If chest radiography has already been performed
14. If the chest radiographic findings are is negative, an LUS examination should be performed next. Strong2

15. If the chest radiographic findings are negative, positive LUS findings for pneumonitis may preclude the need to pursue
additional imaging if the pretest probability of an alternative or secondary diagnosis is low.

Strong2

16. If the chest radiographic findings are negative, negative LUS findings for pneumonitis should prompt an additional
workup.

Strong1

17. If the chest radiographic findings are positive for pneumonitis, and the pretest probability of an alternative or secondary
diagnosis is low, an LUS examination should be performed.

Weak3

If a chest CT was already performed
18. If the chest CT findings are positive for pneumonitis without additional concerning features, and the pretest probability
of an alternative or secondary diagnosis is low, we do not recommend performing an LUS examination.

Weak3

19. If the chest CT findings are negative for pneumonitis or other concerning features such as pulmonary embolism, and
the pretest probability of an alternative or secondary diagnosis is low, we do not recommend performing an LUS
examination.

Weak4

Assessment of patients with minimal symptoms
20. LUS should be the initial imaging of choice. Strong2

If chest radiography has already been performed
21. Negative chest radiographic findings alone are insufficient for ruling out pneumonitis; additional chest imaging such as
LUS is recommended.

Strong2

22. Negative chest radiographic findings and positive LUS findings would support the diagnosis of pneumonitis. Strong1

23. Negative chest radiographic findings and negative LUS findings are sufficient for ruling out pneumonitis; we do not
recommend additional imaging if the pretest probability of an alternative or secondary diagnosis is low.

Strong3

24. Positive chest radiographic findings for pneumonitis without additional concerning features would support the
diagnosis of pneumonitis. Additional imaging such as LUS can still be considered.

Weak4

aSuperscript number indicates the round in which consensus was achieved.
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B-lines.10,11,41–43 Furthermore, B-lines may be focal,
multifocal, or confluent.41,42 In addition, they have
been described by some to take on a “light beam”
configuration, where a large beam of light appears
and disappears during respiration.44 Although these
findings are considered typical of COVID-19 pneu-
monitis on LUS imaging and may be present in any
combination, radiologic findings are not considered
diagnostic of COVID-19, as any pneumonitis can pre-
sent with these same findings. Nucleic acid amplifica-
tion testing remains the reference standard for the
diagnosis of COVID-19.45

3. In patients with preexisting pleural or intersti-
tial lung disease, we recommend that LUS findings be
interpreted with caution (strong recommendation).

As the presence of B-lines and pleural irregulari-
ties are also hallmarks of interstitial lung disease,46–49

LUS findings in these patients with known or
suspected COVID-19 must be interpreted with cau-
tion. Comparisons of LUS findings with the patient’s
baseline, where available, may be helpful.

4. The presence of any of the following on LUS
imaging should prompt an additional workup, as
these are considered less likely for COVID-19: large
consolidation and large or complex pleural effusion
(strong recommendation).

Based on studies on imaging, a number of findings
were noted to be uncommon in COVID-19: isolated
lobar consolidation,50 lymphadenopathy,24,31,51–53 and
pleural effusions (seen in <10% of cases).8,24,31,32,41,53–57

It is important to note, however, that although large
lobar consolidation and pleural effusions were rare, sub-
pleural consolidation and localized or focal pleural effu-
sions were commonly noted on LUS imaging.10,11,41,42

Thus, consistent with a number of published recom-
mendations, the presence of large consolidation or large
or complex pleural effusions should suggest alternative
diagnoses and prompt an additional workup.44,58–61

5. In a patient with suspected COVID-19, while
performing an LUS examination, we recommend
evaluating concurrently for the presence/absence of
pneumothorax (strong recommendation).

Although the presence of pneumothorax is rare
in COVID-19, reported only in 1% to 2% of
cases,62,63 during general lung scanning, the presence
of pneumothorax may be easily ruled out,64 especially
at sites where B-lines are observed.65 Definitively
ruling in pneumothorax, however, may be a bit more

challenging unless a lung point is observed,66 since
lung sliding may be absent in cases of severe dis-
ease.67 Currently, although an LUS assessment for
the presence or absence of pneumothorax is not con-
sidered a core competency for the Canadian internal
medicine POCUS curriculum,68 only minimal training
may be required.69 In addition, evaluating for the
presence or absence of pneumothorax is unlikely to
add substantial additional time or result in undue
harm. Therefore, we recommend that while per-
forming an LUS examination, the practitioner should
evaluate concurrently for the presence or absence of
pneumothorax.

6. We do not recommend that admission deci-
sions be made based on the severity of LUS findings
(weak recommendation).

Imaging abnormalities have been shown to be
present even in asymptomatic individuals with
COVID-19.70 Currently, decisions for admission are
recommended to be made on the basis of illness and
symptom severity, rather than on imaging findings
alone.71,72 Unnecessary hospitalization increases
avoidable nosocomial transmission risks. To date,
there are limited data to support the severity of LUS
findings in determining the need for hospitalization.
Thus, currently, we do not recommend that admis-
sion decisions be made solely on the basis of LUS
findings.

7. We do not recommend that discharge deci-
sions be made on the basis of LUS findings (weak
recommendation).

With respect to decisions regarding discharge
from a facility, the current recommendations from
the World Health Organization and the Centers for
Disease Control and Prevention recommend that dis-
charge decisions be made on the basis of clinical indi-
cations.73,74 Although discharge recommendations/
guidelines differ in the parameters outlined, most are
based on clinical indications, with or without poly-
merase chain reaction tests.75 Of the 3 guidelines that
consider the improvement or resolution of pulmonary
imaging findings as clinical discharge criteria,72,76,77 in
an updated version, the European Centre for Disease
Prevention and Control no longer lists imaging find-
ings as criteria.78 Although radiologic abnormalities
improve over time,79 ground glass opacities can per-
sist beyond 26 days.27 In one study, only 5.7% of
patients at the time of discharge had resolution of CT
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lung abnormalities.80 Thus, the use of LUS findings
for discharge decisions cannot be recommended at
this time.

8. For admitted patients, we do not recommend
that serial LUS examinations be performed routinely
without a change in the clinical condition (weak
recommendation).

Although serial LUS may be useful for the longi-
tudinal monitoring of patients,42,81 its use may come
at a cost of unnecessary infection transmission risks.
During scanning, LUS places the provider at close
proximity to the patient, exposing the provider to
infectious risks.15,82 The US device itself may also
potentially serve as a vector if improperly dis-
infected.82,83 Although appropriate cleaning and
disinfecting protocols for US devices are
available,82,84 using LUS without a defined clinical
indication or expected change in management cannot
be recommended at this time.68

9. For admitted patients, serial LUS examinations
should be performed in the presence of a change in
the clinical status (strong recommendation).

In the presence of clinical status deterioration, an
argument could be made for performing an LUS
examination, especially if its findings can change man-
agement.68,85 Thus, if serial LUS examinations were
to be performed, we recommend that they be done in
the presence of a clinical status change.

Recommendations on the Use of LUS in the Assessment
of Medical Inpatients With Known or Suspected
COVID-19 and Moderate or Severe Symptoms
10. Lung US should be the initial imaging modality of
choice (strong recommendation).

Unlike CT scans and chest radiographs, LUS
imaging does not expose the patient to radiation,
does not expose the imaging department and trans-
port personnel to infectious risks, and can be per-
formed quickly, typically within 5 minutes.13

Furthermore, if an LUS examination is performed by
the same clinician who needs to assess the patient at
the bedside, it would not require additional personal
protective equipment use and carries minimal addi-
tional infectious risks to the practitioner. Thus, in set-
tings in which a POCUS device is readily available
and the practitioner is skilled at LUS, we recommend
that LUS be considered the initial imaging modality
of choice (Figure 1).

11. Positive LUS findings for pneumonitis would
not diagnose COVID-19 but would support the diag-
nosis of pneumonitis (strong recommendation).

It is important to note that the constellation of
LUS findings in COVID-19 (pleural irregularity, sub-
pleural consolidation, localized/focal pleural effusion,
and B-lines) are nonspecific. The presence of these
findings supports the diagnosis of pneumonitis, but
the definitive diagnosis of COVID-19 requires the use
of acid amplification testing.45

12. Positive LUS findings for pneumonitis may
preclude the need to pursue additional imaging if the
pretest probability of an alternative or secondary diag-
nosis is low (strong recommendation).

The clinical context must be taken into account
when deciding whether to pursue additional imaging
in a patient suspected of having COVID-19 who has
LUS findings suggestive of pneumonitis and no addi-
tional concerning features, such as large consolidation
and large or complex pleural effusions.44 If the pretest
probability of an alternative or secondary process is
low, additional imaging may not be necessary. How-
ever, a number of complications and secondary pro-
cesses are known in COVID-19. For example, in
non–intensive care unit medical patients, the preva-
lence of venous thromboembolism in patients with
COVID-19, even with thromboprophylaxis, may be
as high as 22.5%.86–88 Thus, factors that affect pretest
probability (such as hemoptysis, preexisting malig-
nancy, a history of venous thromboembolism, and
findings of deep venous thrombosis on the physical
examination, among others) must be taken into
account in the decision to pursue or not pursue addi-
tional imaging. Furthermore, COVID-19 may precipi-
tate or worsen preexisting conditions, such as the
exacerbation of chronic obstructive pulmonary dis-
ease or worsening heart failure. Thus, whether the
presence of pneumonitis fully explains any given
patient’s presentation and decisions on the pursuit of
additional imaging or workup must be individualized.

13. Entirely negative LUS findings for pneumoni-
tis would make COVID-19 less likely. An additional
workup for other causes of pulmonary symptoms is
recommended (strong recommendation).

In patients presenting with moderate or severe
symptoms, the probability of entirely normal radio-
logic findings is low compared to patients with less
severe symptoms. In one study of 167 patients with
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reverse transcription polymerase chain reaction (RT-
PCR) test results and chest CT, only 4% of patients
with positive RT-PCR results had initial negative CT
findings.89 In another study of 41 admitted patients,
100% had abnormal CT findings.90 Even for chest
radiography, known to have lower sensitivity than
chest CT,91 in patients with severe disease, abnormal-
ities are identified on imaging more than 75% of the
time.92 Thus, entirely negative LUS findings in
patients with moderate or severe symptoms should
prompt an additional work-up.

Recommendations on the Use of LUS in the Assessment
of Medical Inpatients With Known or Suspected
COVID-19 and Moderate or Severe Symptoms if Chest
Radiography Has Already Been Performed
14. If the chest radiographic findings are negative, an
LUS examination should be performed next (strong
recommendation).

As previously noted, for patients with moderate
or severe symptoms, chest radiographic findings are
expected to be abnormal most of the time.92 Lung
US may have higher sensitivity, especially for patients
with moderate-to-severe disease.33 Thus, in cases in
which chest radiographic findings are negative, LUS
may have a higher yield for findings that support the
presence of pneumonitis (Figure 1).

15. If the chest radiographic findings are negative,
positive LUS findings for pneumonitis may preclude
the need to pursue additional imaging if the pretest
probability of an alternative or secondary diagnosis is
low (strong recommendation).

Similar to recommendation 12, in the setting of
positive LUS findings for pneumonitis in which the
pretest probability of an alternative or secondary diag-
nosis is low, additional imaging may not be necessary.
The decision to pursue additional imaging must be
individualized.

16. If the chest radiographic findings are negative,
negative LUS findings for pneumonitis should
prompt an additional workup (strong
recommendation).

For patients with moderate or severe symptoms,
negative findings from both chest radiography and
LUS should prompt an additional workup or search
for an alternative diagnosis. The use of additional
imaging studies with higher sensitivities (such as CT)
should be considered.93

17. If the chest radiographic findings are positive
for pneumonitis, and the pretest probability of an
alternative or secondary diagnosis is low, an
LUS examination should be performed (weak
recommendation).

For a patient with moderate or severe symptoms
whose chest radiographic findings are positive for
pneumonitis without additional concerning features
such as large consolidation and large pleural effusion,
and the pretest probability of an alternative or sec-
ondary diagnosis is low, an LUS examination should
be performed. Although the results of LUS may not
alter patient treatment in many of these instances, an
argument could be made for its use in patient moni-
toring or to rule out concerning US features that may
prompt an additional workup such as the presence of
a complex pleural effusion.

Recommendations on the Use of LUS in the Assessment
of Medical Inpatients With Known or Suspected
COVID-19 and Moderate or Severe Symptoms if chest
CT Has Already Been Performed
18. If the chest CT findings are positive for pneumo-
nitis without additional concerning features, and the
pretest probability of an alternative or secondary diag-
nosis is low, we do not recommend performing an
LUS examination (no consensus on the strength of
the recommendation).

For a patient with moderate or severe symptoms
whose chest CT findings are positive for pneumonitis
without additional concerning features, and the pre-
test probability of an alternative or secondary diagno-
sis is low, LUS is not indicated, as the results are
unlikely to alter patient treatment in these instances
or assist substantially with monitoring (Figure 1).

19. If the chest CT findings are negative for
pneumonitis or other concerning features such as pul-
monary embolism, and the pretest probability of an
alternative or secondary diagnosis is low, we do not
recommend performing an LUS examination
(no consensus on the strength of the
recommendation).

Given the superior accuracy of chest CT over
LUS,93 including its ability to image centrally based
abnormalities and to diagnose pulmonary embolism,
in the setting of negative chest CT findings, an addi-
tional role for LUS, although unlikely harmful, is
likely limited and may not represent optimal use of
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available resources, as the results are unlikely to alter
patient treatment. As such, we do not recommend
performing an LUS examination.

Recommendations on the Use of LUS in the Assessment
of Medical Inpatients With Known or Suspected
COVID-19 and Minimal Symptoms
20. Lung US should be the initial imaging modality of
choice (strong recommendation).

For patients with COVID-19 with minimal symp-
toms, chest radiographic findings may be negative in
as high as 58% of cases,55 and the use of chest radiog-
raphy in these patients is not currently recommended
by either the Canadian Association of Thoracic Radi-
ology/Canadian Association of Radiologists94 or the
Fleischner Society.95 Lung US may potentially have
higher sensitivity55 in addition to lower radiation
risks. Thus, in settings in which a device is readily
available and the practitioner is skilled at LUS, we
recommend that LUS be considered the initial imag-
ing modality of choice (Figure 2).

Recommendations on the Use of LUS in the Assessment
of Medical Inpatients With Known or Suspected
COVID-19 and Minimal Symptoms if Chest
Radiography Has Already Been Performed
21. Negative chest radiographic findings alone are
insufficient for ruling out pneumonitis. Additional
chest imaging such as LUS is recommended (strong
recommendation).

Because of the low sensitivity of chest radiogra-
phy for detecting pneumonitis in patients with mini-
mal symptoms,55 additional chest imaging could be
considered. Although CT has higher sensitivity,70

its use is not recommended in patients with mild
symptoms.95 Thus, although LUS use in such set-
tings is only supported by low-certainty evidence,96

its use by trained practitioners is accompanied by
minimal risks and thus should be considered
(Figure 2).

22. Negative chest radiographic findings and pos-
itive LUS findings would support the diagnosis of
pneumonitis (strong recommendation).

Figure 1. Recommended algorithm on LUS in the assessment of medical inpatients with known or suspected COVID-19 with moderate or
severe symptoms, with the strength of the recommendation indicated in parentheses. CXR indicates chest radiography.
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In a patient with mild symptoms, similar to rec-
ommendation 11, positive LUS findings for pneumo-
nitis would be supportive of the diagnosis of
pneumonitis but not diagnostic of COVID-19. An
additional workup such as RT-PCR should still be
performed in accordance with local protocols and
policies.45

23. Negative chest radiographic findings and neg-
ative LUS findings are sufficient for ruling out pneu-
monitis. We do not recommend additional imaging if
the pretest probability of an alternative or secondary
diagnosis is low (strong recommendation).

In patients with mild symptoms, negative radio-
graphic findings and negative LUS findings may pre-
clude the need for additional thoracic imaging studies
in patients with a low pretest probability of an alter-
native or secondary diagnosis. An additional workup
such as RT-PCR should still be performed in accor-
dance with local protocols and policies.45

24. Positive chest radiographic findings for pneu-
monitis without additional concerning features would
support the diagnosis of pneumonitis. Additional
imaging such as LUS can still be considered (weak
recommendation).

Although positive chest radiographic findings
would support the diagnosis of pneumonitis, LUS
may still be considered for monitoring purposes as

well as for the higher sensitivity of LUS in identifying
and visualizing pleural effusions.97,98

Discussion

Our experts reached consensus on 24 recommenda-
tions on the use of LUS in the assessment of medical
inpatients with known or suspected COVID-19 in the
Canadian internal medicine inpatient practice setting.
Of these 24 recommendations, 9 are general ones,
encompassing recommendations on technique, gen-
eral interpretation, serial monitoring, and disposition
decisions. Of the remaining 15 recommendations,
10 are directed toward the assessment of patients
with moderate or severe symptoms and 5 toward
those with minimal symptoms. We believe a symp-
tom severity–based approach is necessary, as there is
unlikely a setting whereby the use of LUS would be
universally helpful or universally harmful. Context is a
critical factor in clinical decision making. Our group
strongly recommends that LUS be the initial imaging
modality of choice in symptomatic patients with
known or suspected COVID-19. Although this rec-
ommendation may represent a substantial departure
from the way internal medicine is usually practiced in
Canada, there is increasingly robust evidence to sup-
port its use99 for centers with the capacity and capa-
bility for performing LUS examinations. Our
recommendations were developed with a number of
assumptions in mind. Specifically, we assumed that a
POCUS device is readily available; a trained LUS
practitioner is available and skilled at image acquisi-
tion, interpretation, and clinical integration; POCUS
images/clips are archivable for later review; and the
POCUS devices are appropriately cleaned and dis-
infected after each use. Last, we assumed that the
health care capacity is such that other imaging modal-
ities remain available. Should such time occur when
the capacity for other clinically indicated imaging
modalities is entirely overwhelmed, the role of
POCUS and LUS may need to evolve accordingly to
fill any necessary gap.

Our study has a number of limitations. First is
the issue of generalizability. Our recommendations
are focused on the Canadian medical inpatient set-
ting, not critically ill patients in the intensive care unit
or ambulatory outpatients. Given the input from a

Figure 2. Recommended algorithm on LUS in the assessment of
medical inpatients with known or suspected COVID-19 with mini-
mal symptoms, with the strength of the recommendation indicated
in parentheses.
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number of international experts on our panel, these
recommendations will likely apply more broadly to
medical inpatient settings outside Canada. However,
adoption of these recommendations outside their
intended setting should be mindful of contextual fac-
tors. We have also made a number of aforementioned
assumptions, such that improperly trained practi-
tioners using LUS, the use of improperly disinfected
devices, or insufficient work flow processes to support
its use would be associated with substantially higher
risks of harm than that considered by our expert
panel. Thus, our recommendations do not apply in
those settings. Second, our recommendations only
relate to LUS and not POCUS in other systems such
as focused cardiac, deep venous thrombosis, and
abdominal scans. Although there are likely benefits to
the use of multisystem POCUS in a disease entity
that involves multiple organ systems,100 the reality of
the current internal medicine practice environment is
such that only 5% of practitioners report using
POCUS for clinical assessments.101 Thus, we
restricted our focus to LUS, which is one of the easier
applications to learn.102 Third, whereas we intended
to conduct only 3 rounds of the survey, we ultimately
needed to conduct a fourth round to determine the
strength of recommendations for those that the
experts reached consensus on do not recommend.
With this additional round, we were unable to reach
consensus on the strength of 2 such recommenda-
tions. Fourth, our literature review was not intended
to be a systematic review: we used only a single data-
base (PubMed) with abstract screening and review
performed by only a single author (I.W.Y.M.). Fifth,
our recommendations require that clinicians, in their
decisions to pursue or not pursue additional investiga-
tions, consider the pretest probability of alternative or
superimposed diagnoses. To do so will require the
integration of multiple factors, which include but are
not limited to age, sex, the presence or absence of
comorbidities, presenting signs and symptoms, and
investigation results. For example, the presence of
pneumonitis on LUS imaging should not be used as
evidence to forgo an additional workup in an elderly
patient with a history of malignancy presenting with
chest pain, hemoptysis, and a swollen leg. Clinical
integration of LUS findings must be properly applied.
Last but not least, the reality of COVID-19 is that the
evidence is rapidly evolving. For example, a

systematic review and meta-analysis is purportedly
under way.103 Thus, new data and evidence will need
to be incorporated as they emerge.

These limitations notwithstanding, our derived
recommendations have some notable strengths. First,
many of the members of the panel are well-known
POCUS experts, familiar not only with the technique
of LUS and the literature but also with its inherent
limitations. Second, our recommendations are prag-
matic ones. For example, for patients with minimal
symptoms, imaging is not recommended.94,95 How-
ever, the reality is such that many of these patients
referred to internal medicine will already have had
imaging performed. Our recommendations give clini-
cians some guidance on how to incorporate existing
imaging information with the use of LUS.

In summary, in symptomatic medical inpatients
with known or suspected COVID-19, we recommend
the use of LUS, which can help support the diagnosis
of pneumonitis (but not specifically diagnose
COVID-19), rule out concerning US features that
may require an additional workup, and monitor
patients with a change in their clinical status and may
avoid unnecessary additional imaging for patients
whose pretest probability of an alternative or sup-
erimposed diagnosis is low. We do not recommend
the use of LUS findings to guide admission and dis-
charge decisions. We do not recommend routine
serial LUS examinations in patients without a change
in their clinical condition.
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