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06ocHoBaHuMe. [pK oLeHKe CTeneHu TAKECTM cOCTOAHMA NaumenToB ¢ COVID-19 onupaloTcA B nepByio o4epelb Ha 00BEM
NopaeHus NEro4Ho TKaHu. CyLlecTBYeT pAg OMarHOCTUYECKMX NOAX0L0B, MO3BONAKLIMX aHaNM3MPOBaTh 3TOT NOKa-
3aTenb, Kaxdbl U3 KOTOPbIX COMPAXKEH C OnpedeNeHHbIMK orpaHuyeHuamMu. Llenb 1 gm3aiH uccnefoBaHuA, xapakTe-
PUCTVKM HabmioJaeMbix MauyUeHToB, JOCTYMHOCTb 060py[oBaHUA — BCe 3TW NapaMeTpbl CNocobHbI NOBUATL Ha Bbibop
ONTUMabHON METOOUKM.

Llenib — npoBecTy OLeHKY YyBCTBUTENBHOCTH M CNELMPUUHOCTY yNbTPa3ByKoBoro uccnegosanva (Y3W) B kayecTBe MeToaa
aHanu3a cTeneHu nopareHma Nerkux y nauunentos ¢ COVID-19 nocpeactBoM cucteMaTyeckoro 063opa ctaTei Ha aHruin-
CKOM fi3blKe, JOCTYMHbIX B 6a3ax faHHbix PubMed 1 Google Scholar. KnioueBble cnosa ansa novcka: lung ultrasound, chest
ultrasound, thoracic ultrasound, ultrasonography, COVID-19, SARS-CoV-2, coronavirus, diagnosis, diagnostic value, specificity
U sensitivity. B 0630p BKNOYanM TONbKO UCCNeA0BaHMA, 3aTparnBaBLLKe BONPOCHI ANArHOCTMYECKOM ToUHOCTH Y3W nérkmx
ONA naumeHToB ¢ nogo3peHneM Ha COVID-19. B KavecTBe 3TanoHHbIX METOOOB paccMaTpMBaiv KOMMLIOTEPHYIO TOMOrpa-
duio rpygHOM KneTku, aetekumio BupycHon PHK ¢ noMoLublo nonvMepasHom LIeNHOM peakumm ¢ 06paTHOM TpaHCKpUnLmen
unu nabopaTopHble AaHHble. /3BneyeHne cTaTel NpoBOAVM [1Ba aBTOpa HE3aBUCMMO ApYr OT Apyra ¢ 3anofIHEHNEM 3afjaH-
HbIX MONel cTaHLapTM30BaHHOM TabnuLbl U NocnefyoLlen OLEHKOW MHOMKATOPOB KayecTBa UCCefoBaHuMA. [1na aHanu3a
W rPYNMMPOBKM [aHHbIX 0 YYBCTBUTENBHOCTU U cneumduyHocTM Y3U Nérkvx And oueHKu 06bEMa M3MEHEHHOM NEMOYHOM
TKaHM B 0TO6paHHbIX paboTax UCMonb30Bany MoLenb CyyvanHbix 3dGeKToB. Mo 3aaaHHBIM KpUTEPUAM BKITIOUEHUA NOAXO0-
amnu 16 paboT, 04HaKO TONBKO B TPEX NPOBOAMNM pa3fdeNieHne NaLMEHTOB Ha YETKO 3a[jaHHbIe rpynnbl No TAXKeCTH 3abone-
BaHWA. V13 ocTanbHbIX paboT ANA OLEHKM BTOPUYHBIX Pe3yNbTaToB UCMO/b30BaNM 3HAYEHWA YyBCTBUTENBHOCTM U cneuuduy-
HocTn Y3W nérkmx ana anarHocTuku COVID-19 BHe 3aBUCMMOCTM OT COCTOAHMA NaumeHTa. HabniogaeMasn reTeporeHHoCTb
[LJ1A NEPBUYHBIX M BTOPUYHBIX PE3YNLTATOB COXPaHAACch NPy rpynnmupoBKe UCCNe[0BaHMIA MO CLEHAPUAM (CKPUHWHT, OLEHKa
TAMKECTM 3aboneBaHNA) U Koroptam naumeHToB. Y3M nérkvx nokasano Hanbonee BbICOKYI0 TOHHOCTb ANA NOATBEPHAEHNA
MopaKeHWs NErKUX Y NaLMEHTOB C AUarHOCTMPOBAHHOM TAHENON KOpoHaBMpYCHoM UHGeKLmen COVID-19 (4yBCTBUTENBHOCTL
87,6 £ 12,3%, cneumduuHocTb 80,5 = 7,1%). Mpy 3TOM caMyIo HU3KYI0 TOYHOCTb METO[ NPOAEMOHCTPUPOBAN Y NALLMEHTOB C 3a-
6os1eBaHMEM NETKOM CTENEHM TAKECTM (YyBCTBUTENLHOCTL 72,8 + 7,1%, cneunduyHocTb 74,3 £ 2,7%).

3aknioueHue. Y3 nErkmx MoreT 6bITb MCMONMb30BAHO Y NaLMEHTOB ¢ noaTeepaéHHbIM COVID-19 onAa BbiABNeHWA 3Ha-
UMTESNbHBIX MOBPEM AEHUIN NErOYHOM TKaHW. [JnarHocTMUeCKan LIEeHHOCTb MeToAa ANA OLEHKM YMEPEHHbIX M HE3HAUUTESIb-
HbIX MOPAKEeHNM NErKNUX OTHOCUTENTbHO HU3KaA.

Kniouesble cnosa: COVID-19; Y3 nérkux; oueHKka [onun nopaxeHna; guarHocTMYecKan
LLleHHOCTb; YYBCTBUTENIbHOCTb; CNELUPUYHOCTD.
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Diagnostic value of lung ultrasound in COVID-19:
systematic review and meta-analysis
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BACKGROUND: Effective and safe tools assisting triage decisions for COVID-19 patients could optimize the pressure on the
healthcare system. COVID-19 often has respiratory manifestations, and medical imaging techniques provide an opportunity
to assess the disease’s severity.

AIMS: To estimate the sensitivity and specificity of lung ultrasound for different degrees of pulmonary involvement in CO-
VID-19 patients by a systematic review of English articles using PubMed and Google Scholar databases. Search terms
included lung ultrasound, chest ultrasound, thoracic ultrasound, ultrasonography, COVID-19, SARS-CoV-2, coronavirus,
diagnosis, diagnostic value, specificity, and sensitivity. Only studies addressing lung ultrasound diagnostic accuracy for
patients with suspected COVID-19 using thoracic computed tomography, reverse transcription polymerase chain reaction,
or laboratory data as a reference standard were included. Independent extraction of articles was performed by two authors
using predefined data fields with subsequent assessment of study quality indicators. The random-effect model was used to
analyze and pool lung ultrasound sensitivity and specificity across the included studies. Sixteen studies met our inclusion
criteria, but only three of them divided patients into distinct and defined groups depending on the disease severity. We used
the remaining studies’ data to assess the secondary outcomes: the values of sensitivity and specificity of lung ultrasound
for COVID-19 regardless of the patient’s clinical status. Heterogeneity for primary and secondary outcomes was observed
that remained when pooling for different scenarios (screening, assessing severity) and cohorts of participants. Lung ultra-
sound had the highest accuracy for confirmed COVID-19 patients with severe disease (sensitivity 87.6% + 12.3%, specificity
80.5% + 7.1%), and the lowest accuracy for the patients with mild disease (sensitivity 72.8% + 7.1%, specificity 74.3% + 2.7%).
CONCLUSIONS: Lung ultrasound can be used in patients with confirmed COVID-19 to detect serious damage to the lung tis-
sue. The diagnostic value of the method for assessing mild and moderate lung lesions is relatively low.

Keywords: COVID-19; lung ultrasound; severity grade estimate; diagnostic value; sensitivity;
specificity.
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ABBREVIATIONS

Cl — confidence interval

SMD — standard mean difference

CT — computed tomography

US — ultrasound

RT-PCR — reverse transcription polymerase chain reaction
ICD — International Classification of Diseases

INTRODUCTION

As of September 16, 2020, there are 29,155,581 con-
firmed cases globally, with 926,544 deaths [1] from the
COVID-19 pandemic. The impact of the end of the sum-
mer vacation period and schools re-opening on the epi-
demic is uncertain. However, there is a possibility of a
second wave of the disease [2], if it will follow a high
transmission scenario. Amid rising number of new cas-
es, Israel was the first developed country to announce a
second nationwide lockdown [3]. Presently, since June
30, 2020, more than 700 cases of SARS-CoV-2 infection
have been detected in Moscow. Effective and safe pa-
tient triage tools could aid decrease the COVID-19-as-
sociated pressure on the healthcare system. Several
laboratory parameters help assess the disease severity,
such as calculation of the viral load [4], platelet count
[5], D-dimer concentrations [6], and others [7]. COVID-19
often leads to respiratory manifestations, and therefore
medical imaging is one of the main techniques to assess
its severity in patients [8]. Among the imaging modali-
ties, including radiography, computed tomography (CT),
and ultrasound (US), CT offers great sensitivity in de-
tecting COVID-19-related findings [9]. Because of this,
some experts suggest making it a diagnostic standard.
CT imaging was one of the main diagnostic and triage
tools in Moscow, Russia, during the lockdown period
[10]. Because, it is not widely available and is associ-
ated with potential harm from exposure to ionizing ra-
diation, lung US could be used, being a widespread and
safe method. The technique is appealing, especially for
pregnant women, children, and critically ill patients. Re-
cent systematic reviews explore the potential utility of
lung US [11, 12]. However, there are not enough scien-
tific data to establish the functionality of this approach
in making clinical decisions depending on the severity of
the disease [13].

We reviewed currently available studies addressing co-
horts of COVID-19 patients for the disease severity using
US compared to CT, RT-PCR, and laboratory data, in order
to assess the sensitivity and specificity of lung US for dif-
ferent degrees of pulmonary involvement.
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METHODS

This manuscript follows the PRISMA statement for report-
ing systematic reviews and meta-analyses of studies that
evaluate health care interventions [14]. Methods of the
analysis and inclusion criteria were specified in advance,
documented in a protocol, and registered at the PROSPERO
site.

Eligibility criteria

Types of studies. Inclusion criteria: (i) any study evaluat-

ing the performance of lung US in diagnosing COVID-19; (ii)

studies reporting US sensitivity and specificity values or

providing enough information to construct a 2 x 2 confu-
sion matrix; and (iii) we placed no restrictions regarding
country, patient age, sex, and race. Exclusion criteria were
as follows: (i) studies with unavailable full texts; (ii) stud-
ies on non-human subjects; (iii) case reports, case series,
and systematic review studies; and (iv) studies published

before January 1, 2020.

Types of participants. Hospital patients of any age with

signs and symptoms of COVID-19-associated pneumonia

confirmed by CT, RT-PCR, or serological tests (ICD codes

U07.1, U07.2).

Types of intervention. Studies comparing the diagnostic

value of lung US, including point-of-care US (POTUS) with

chest CT, chest radiography, and clinical follow-up data.

Types of outcome measures. Primary outcome measures:

numerical values of sensitivity and specificity of lung US in

COVID-19 patients of different severity grades. Secondary

outcome measures: numerical values of sensitivity and

specificity of lung US and POTUS for COVID-19 patients re-
gardless of the disease severity.

Information sources. Studies were identified by searching

the electronic databases PubMed and Google Scholar. The

last search was run on September 1, 2020.

Search. We performed two types of searches in the

PubMed database, using MeSH terms and text keywords

since it takes about a month for PubMed to assign a MeSH

term for a published study:

1) (“Coronavirus infections/diagnosis"[MeSH] OR “Coro-
navirus infections/diagnostic imaging”[MeSH]) AND
“Ultrasonography”[MeSH]

2) (“lung ultrasound” OR “chest ultrasound” OR “thoracic
ultrasound” OR “ultrasonography”) AND (COVID-19 OR
“SARS-CoV-2" OR “coronavirus”) AND diagnosis

We used the query string “lung ultrasound diagnostic val-

ue specificity sensitivity COVID-19" to search the Google

Scholar database.

Study selection. Two reviewers (RVR and DVL) assessed

for eligibility in a standardized manner by an automatic
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search for words “sensitivity” and “specificity” in full texts.
Three other researchers (NNV, NSK, and 0AM) evaluated
the selected manuscripts according to the study protocol
to resolve discrepancies.

Data collection process and data items. We developed a
data extraction sheet using the Google Spreadsheet ser-
vice to ensure that all the reviewers have simultaneous
and unrestricted access to the document. The data extrac-
tion sheet was pilot-tested on three randomly selected
included studies and refined accordingly. Two reviewers
(RVR and DVL) extracted the following data from the in-
cluded studies: Authors, Affiliation, Title, Journal (or pre-
print service), Acceptance date, DOI, Population (number,
age, % female, inclusion & exclusion criteria, medical cen-
ters location, start and end dates of the study), US proto-
col, US scoring, comparison protocol, comparison scoring,
US outcome, and comparison outcome. The three other
researchers (NNV, NSK, and 0AM) verified the extracted
data. Disagreements were resolved through a discussion
among the authors. After the review started, we added the
data from systematic reviews on specificity and sensitiv-
ity of reference standard methods if the values were not
estimated in the included studies.

Risk of bias in individual studies. To assess the method-
ological issues associated with diagnostic accuracy stud-
ies, we followed the QUADAS-2 (Quality Assessment of Di-
agnostic Accuracy Studies) framework [15] recommended
for systematic reviews by the Agency for Healthcare Re-
search and Quality, Cochrane Collaboration. Four domains
were used to organize each included study: patient selec-
tion, index test, reference test, and patient flow. A detailed
description of each domain and judgment criteria are de-
scribed in the Cochrane Handbook [16].

Statistical analysis. We used the random-effect model
to analyze and pool lung US sensitivity and specificity
across the included studies. To measure between-studies
heterogeneity, we used estimates of 1, the percentage of
variability #, and Cochran’s Q-statistic. As a threshold we
used F values of 25% (low heterogeneity), 50% (moderate
heterogeneity), and 75% (substantial heterogeneity) and p-
values <0.05. The meta-analysis was performed using the
dmetar [17] package for R 3.6.3 [18].

RESULTS

Study selection. We included 16 studies in this review. The
search in PubMed and Google Scholar databases provided
245 studies imported into a Mendeley library. Of these, six
studies were discarded because they were conducted on
non-human subjects. After adjusting for duplicates, 236
studies remained. Of these, 220 studies did not meet the cri-
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teria and were discarded after abstract or full-text reviewing
(Figure 1). We examined the full texts of the remaining 16
studies [19-34], and only six of these analyzed the diagnos-
tic accuracy of US in the context of the disease severity [19,
20, 27-30]. However, only three studies enrolled patients of
all clinical grades: mild, moderate, and severe stages of the
disease [19, 20, 28]. The other three studies included only
critically ill patients [27, 29] or evaluated the prognostic
value of lung US in predicting the need for non-invasive re-
spiratory support [30]. A study by Veronese et al. stood out
because they analyzed the data of bedridden nursing home
patients, aged 84.1 + 9.8 years [24]. For these patients, mor-
tality was associated with a lung US score of 4 (maximum
value 36), primarily due to this cohort’s general health.
Except in the study by Hatamabadi et al. that provided only
the seven-day results [34], the average follow-up period in
the included studies was 34 + 15 days. The included studies
involved 1696 participants, of which 1121 had confirmed CO-
VID-19. There were 13 single-center and three multicentric
studies, two of which were conducted in France and one in
China. In total, four studies were conducted in France, three
in China, two studies each in the USA, Turkey, and Spain, and
the remaining three came from lIran, ltaly, and Israel. The
mean or median age of participants ranged from 27 to 69
years (with the exclusion of the study of Veronese et al. [24]).
All studies had a test group (patients with confirmed CO-
VID-19), while only five studies included a control group
of SARS-CoV-2-negative participants [22, 25, 26, 31, 33].
Patients in the test group were diagnosed using the RT-
PCR test. The specificity and sensitivity of lung US were
estimated using RT-PCR in six studies [22, 24-26, 31, 33],
clinical and laboratory data in two studies [28, 29], and
chest CT in seven studies [19, 20, 23, 27, 30, 32, 34] as a
reference standard.

Risk of bias. The main sources of bias came from the pa-
tient selection domain (Figure 2). The majority of studies
(75%) included previously diagnosed patients. However,
in all the studies, the participants met the criteria of the
review protocol. The specialists performing lung US and
analyzing the results were not blinded to the diagnosis,
which could also be a potential source of bias.

Seven studies properly reported the details of both index
and reference standard tests. The interobserver variabil-
ity was estimated only in three studies [21, 25, 32]. Three
studies only (19%) reported the interval between the two
tests, but the majority (87%) correctly indicated whether
all patients used the same reference standard.

Scoring systems. The included studies used different
scoring systems to assess the presence and severity of
the disease. Dividing the imaging zone into separate re-
gions, and providing a score reflecting the degree of pul-
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Figure 3. Bar chart of risk of bias for the 16 included studies.

monary involvement to each region was common to most
systems (87%). The total lung US score was calculated
as the sum of individual scores. The most popular scor-
ing system divided each hemithorax into six regions, with
each region scored on a scale from 0 to 3, and a total score
ranging from 0 to 36 [19, 20, 23, 24, 28, 30]. Three studies
collected the lung US results from eight zones [27, 32, 33]
but used a different scoring approach. While two groups
scored each zone on a scale from 0 to 3 (total value 0-24)
[27, 32], Favot et al. analyzed the lung US images for the
presence of different patterns [33]. Two studies divided the
chest wall into ten zones but used different severity scales
with a maximum value of 40 [29] or 10 [34]. Yassa et al.
collected the scores in a range from 0 to 3 from 14 zones
(total value 0-42) [25, 26]. Finally, two groups performed
a qualitative assessment of the lung involvement based on
the US findings [21, 22].

Diagnostic accuracy of lung US. All included studies re-
ported the lung US sensitivity and specificity values, with
sensitivity ranging from 15.6% to 100% and specificity
ranging from 51.9% to 100%. However, only three stud-
ies estimated the diagnostic performance of a reference
standard test [23, 27, 32]. For the pooling of values in the
review, we used the meta-analysis data on the sensitivity
and specificity of RT-PCR [35] and chest CT [36]. For the
studies using clinical and laboratory data as a reference
standard test [28, 29], the control specificity and sensitivity
values were set at 100% (Figure 3).

Table 1. Lung US efficiency for patients with COVID-19

According to the meta-analysis results, lung US has a
specificity 81.6% + 13.3% and sensitivity 79.4% + 21.4%
in diagnosing COVID-19. However, the Cochran’s test re-
vealed a significant heterogeneity of the data: Q = 2244.8,
p <0.001,and Q=1127.7, p < 0.001, for sensitivity and spec-
ificity, correspondingly.

The observed heterogeneity could be associated with
the fact that the included studies assessed the diagnos-
tic value of lung US for different purposes and cohorts of
participants. For further analysis, we excluded the study
by Veronese et al.[24]. We divided the remaining studies
into two groups: in the first group, the researchers used
US to screen for COVID-19 [19, 21-23, 25, 26, 31, 32], in
the second, they used US to evaluate and follow-up criti-
cally ill patients [19, 27, 30, 32, 33]. We also did not in-
clude the studies by Lichter et al. [28] and Zhao et al. [29]
in the second group, because the authors estimated the
prognostic value of lung US to predict mortality and re-
fractory situation, correspondingly. Lichter et al. reported
a 62% sensitivity and 74% specificity in the ROC analysis of
30-day mortality, the cut-off value for lung US score was
18 (maximum value 32) [28]. According to Zhao et al., us-
ing the lung US score cut-off value of 32 points (maximum
value 40), predicting a refractory situation had a 57% sen-
sitivity and 89% specificity [29].

The index test characteristics remained heterogeneous, with
the lowest Q-statistic and variability percentage obtained
for lung US sensitivity in critically ill patients (Table 1).

Sensitivity Specificity
Group Q P, % Q P, %
Mean, % SD, % Mean, % SD, %
Screening 79,6 21,6 694,2 99,0 79,5 16,1 345,0 98,0
Severe 87,6 12,3 158,9 97,5 80,5 71 379,6 98,9
Moderate 72,8 7,1 11,24 AR 74,3 2,7 0,26 0,0
Mild 80,4 16,5 59,5 98,3 66,6 27,0 33,3 97,0
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o]

Source SMD (95% CI)
Lu et al 1.97[ 0.58; 3.36] L |
Zieleskiewicz etal. 2.11[ 1.79; 2.43] B
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Standardised Mean Difference (95% CI)

Figure 4. Forest plots of pooled specificity (A) and sensitivity (B). The symbols * and ** denote studies by Yassa et al. on interobserver agreement

[25] and the role of lung US in COVID-19 screening [26], correspondingly.

We also pooled the sensitivity and specificity values for
patients with different degrees of pulmonary involve-
ment. From the data provided in the study by Lichter et
al.[28], it was not possible to extract the numerical data
to estimate the characteristics. Therefore, we did not in-
clude this study into the meta-analysis. In the study by
Zieleskewicz et al., we obtained the sensitivity and speci-
ficity values with the maximum Youden index from the
three zones on the ROC curve according to the lung US
score thresholds [20].

The data was heterogeneous, except for the lung US speci-
ficity in moderately ill patients (Table 1). We used the re-
sults for moderately and mildly ill participants from only
two studies in this meta-analysis, and both of them did not
include a control group of patients.

DISCUSSION

The variety of scoring systems in the included studies makes
it impossible to directly compare the lung US score cut-off
values used to estimate the outcomes. However, regardless
of the scoring system, almost all authors agree that patients
with severe disease had higher lung US score values than
patients with moderate and mild disease. The first exception
to this was the study by Veronese et al., where the authors
did not find a significant difference in mortality risk between
nursing home patients with a lung US score =4 and <4
(maximum value 32) [24]. The authors did not interpret this
observation, but we believe it is related to the general health
of the nursing home residents, they were older adults, suf-
fering from dementia, and bedridden. The other exception
was the study by Benchoufi et al., which showed that the
performance of the lung US scoring system used by the au-
thors was lower to predict the disease classified as severe
by chest CT compared with normal vs. pathologic and nor-
mal or mild vs. moderate or severe [32].

DOI: https://doi.org/1017816/DD46834

Overall, in confirmed symptomatic COVID-19 patients with
severe disease, the lung US and CT scores positively cor-
related. According to our meta-analysis, lung US has a
sensitivity of 88% and 80% specificity in this group (see
Table 1). That is a specific cohort of patients, but for them,
lung US has significant advantages compared with chest
CT in terms of health risks and logistical limitations.

Low lung US scores were also valuable to exclude severe
COVID-19-associated pneumonia. According to Zieleske-
wicz et al., chest CT would not be required if the initial US
examination had a score <13 (out of 36) [20]. Lichter et al.
reported that lung US could predict good clinical outcomes
for symptomatic patients without any pleural thickening or
subpleural consolidations [28]. Despite the relatively low
efficiency of lung US in assessing mild lung lesions [19],
this feature could have practical value for symptomatic
patients in making triage decisions.

The highest discrepancy between the lung US and chest CT
scores was observed for moderate disease patients. For this
group of patients, lung US was least sensitive (see Table 1).
Zieleskewicz et al., in their study, called the zone on the ROC
curve from which we obtained the data, “a grey zone with
inconclusive values” [20]. Therefore, despite the relatively
modest statistical heterogeneity, the diagnostic value of
lung US for moderate lung lesions is relatively low.
Screening for COVID-19 using lung US findings has sev-
eral advantages in pregnant women. In the study of Yassa
et al., 17% of the pregnant women, who had undergone a
lung US exam and were RT-PCR-positive, initially had neg-
ative RT-PCR results. The RT-PCR test was repeated after
a week due to their abnormal US findings [26]. Note that
the specificity of lung US according to our meta-analysis,
was significantly higher than the specificity of chest CT, a
“gold standard” for medical imaging: 79% vs. 31%, corre-
spondingly. It might be associated with the fact that most
included studies were conducted in conditions of high pre-
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test probability. There was an evident patient selection and
index test risk of bias that could affect the observed speci-
ficity value (see Figure 2).

Chest CT is superior to lung US in differential diagnostics of
lung pathologies since it is sensitive for alternative diag-
noses [37, 38]. Contrary to that, lung US cannot distinguish
between pulmonary alterations: pneumonia, lung cancer,
or atelectasis, which may show the same echographic pat-
tern [11, 39]. Moreover, the accuracy of the lung US exam
is highly dependent on the operator’s expertise level and
could be affected by a pre-test probability of the disease.
For example, in the study by Tung-Chen et al., three pa-
tients had lung US findings compatible with COVID-19; two
patients were eventually diagnosed with viral bronchiolitis,
and the other patient had metastatic pulmonary disease.
The inter-rater agreement in the included studies, when
reported, could be as low as 68%, which significantly re-
duces the applicability of the technique. However, a quick
bedside lung US exam proved useful for real-time evalu-
ation and monitoring of patients with rapidly progressing
disease [19, 28].

Our study has limitations. Conventionally, at least five
studies should be used for a meta-analysis. Although our
final library contained 16 studies, the data was incomplete.
For some analyses, we used the highly heterogeneous
values obtained from only two studies. Significant data
heterogeneity is also associated with the differing patient
population, index test and reference standard protocols,
and the outcome definitions across the included studies.

CONCLUSIONS

In 2020, several meta-analyses on lung US applicability
for COVID-19 patients were published. All agree that the
presence of lung US findings although nonspecific, could
be used for diagnosis, triage, and follow-up of the subjects
with SARS-CoV-2 infection. Unfortunately, none of them
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focused on distinguishing between patients with different
clinical status and prognosis. Chest CT is the gold stan-
dard in assessing the severity of the disease. However, de-
pending on the patient cohort and the disease stage, other
techniques could be advantageous. Lung US has adequate
sensitivity and specificity for confirmed COVID-19 patients
with severe lung involvement that have a risk of adverse
events associated with transfer and exposure to ionizing
radiation. Lung US is preferable for critically ill patients,
pregnant women, children, and bedridden aged popula-
tion. The technique is applicable for triage of patients with
mild symptoms to rule out lung tissue damage. In patients
with moderate disease, the diagnostic value of lung US is
the lowest.

The high heterogeneity of the sensitivity and specificity
values should be addressed in further studies. We believe
that these studies need to be performed on large random-
ized cohorts of patients following a systematic protocol
with clear and standardized definitions of the disease
stages and including a control group of participants. An-
other issue that requires future research is the sensitivity
and specificity of different scoring systems used to assess
the severity of the disease.
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