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Обоснование. При оценке степени тяжести состояния пациентов с COVID-19 опираются в первую очередь на объём 

поражения лёгочной ткани. Существует ряд диагностических подходов, позволяющих анализировать этот пока-

затель, каждый из которых сопряжён с определёнными ограничениями. Цель и дизайн исследования, характе-

ристики наблюдаемых пациентов, доступность оборудования ― все эти параметры способны повлиять на выбор 

оптимальной методики.

Цель ― провести оценку чувствительности и специфичности ультразвукового исследования (УЗИ) в качестве метода 

анализа степени поражения лёгких у пациентов с COVID-19 посредством систематического обзора статей на англий-

ском языке, доступных в базах данных PubMed и Google Scholar. Ключевые слова для поиска: lung ultrasound, chest 

ultrasound, thoracic ultrasound, ultrasonography, COVID-19, SARS-CoV-2, coronavirus, diagnosis, diagnostic value, specifi city 

и sensitivity. В обзор включали только исследования, затрагивавшие вопросы диагностической точности УЗИ лёгких 

для пациентов с подозрением на COVID-19. В качестве эталонных методов рассматривали компьютерную томогра-

фию грудной клетки, детекцию вирусной РНК с помощью полимеразной цепной реакции с обратной транскрипцией 

или лабораторные данные. Извлечение статей проводили два автора независимо друг от друга с заполнением задан-

ных полей стандартизованной таблицы и последующей оценкой индикаторов качества исследования. Для анализа 

и группировки данных о чувствительности и специфичности УЗИ лёгких для оценки объёма изменённой лёгочной 

ткани в отобранных работах использовали модель случайных эффектов. По заданным критериям включения подхо-

дили 16 работ, однако только в трёх проводили разделение пациентов на чётко заданные группы по тяжести заболе-

вания. Из остальных работ для оценки вторичных результатов использовали значения чувствительности и специфич-

ности УЗИ лёгких для диагностики COVID-19 вне зависимости от состояния пациента. Наблюдаемая гетерогенность 

для первичных и вторичных результатов сохранялась при группировке исследований по сценариям (скрининг, оценка 

тяжести заболевания) и когортам пациентов. УЗИ лёгких показало наиболее высокую точность для подтверждения 

поражения лёгких у пациентов с диагностированной тяжёлой коронавирусной инфекцией COVID-19 (чувствительность 

87,6 ± 12,3%, специфичность 80,5 ± 7,1%). При этом самую низкую точность метод продемонстрировал у пациентов с за-

болеванием лёгкой степени тяжести (чувствительность 72,8 ± 7,1%, специфичность 74,3 ± 2,7%).

Заключение. УЗИ лёгких может быть использовано у пациентов с подтверждённым COVID-19 для выявления зна-

чительных повреждений лёгочной ткани. Диагностическая ценность метода для оценки умеренных и незначитель-

ных поражений лёгких относительно низкая.

Ключевые слова: COVID-19; УЗИ лёгких; оценка доли поражения; диагностическая 

ценность; чувствительность; специфичность.
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BACKGROUND: Eff ective and safe tools assisting triage decisions for COVID-19 patients could optimize the pressure on the 

healthcare system. COVID-19 o{ en has respiratory manifestations, and medical imaging techniques provide an opportunity 

to assess the disease’s severity. 

AIMS: To estimate the sensitivity and specifi city of lung ultrasound for diff erent 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, specifi city, 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 predefi ned data fi elds with subsequent assessment of study quality indicators. The random-eff ect model was used to 

analyze and pool lung ultrasound sensitivity and specifi city across the included studies. Sixteen studies met our inclusion 

criteria, but only three of them divided patients into distinct and defi ned groups depending on the disease severity. We used 

the remaining studies’ data to assess the secondary outcomes: the values of sensitivity and specifi city 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 diff erent scenarios (screening, assessing severity) and cohorts of participants. Lung ultra-

sound had the highest accuracy for confi rmed COVID-19 patients with severe disease (sensitivity 87.6% ± 12.3%, specifi city 

80.5% ± 7.1%), and the lowest accuracy for the patients with mild disease (sensitivity 72.8% ± 7.1%, specifi city 74.3% ± 2.7%).

CONCLUSIONS: Lung ultrasound can be used in patients with confi rmed 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; 

specifi city.
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肺部超声检测COVID-19的诊断价值：
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论证论证：在评估COVID-19患者病情的严重程度时，主要依赖肺组织损伤的体积。有许多

诊断方法允许分析该指标，每一种方法都有一定的局限性。研究的目的和设计，观察

患者的特点，设备的可用性，所有这些参数都可以影响最佳方法的选择。

目的是通过对PubMed和Google Scholar数据库中相关英文文章的系统回顾，评估超

声作为一种分析COVID-19患者肺损伤程度的方法的敏感性和特异性。关键词：lung 

ultrasound; chest ultrasound; thoracic ultrasound; ultrasonography; 

COVID-19; SARS-CoV-2; coronavirus; diagnosis; diagnostic value; 

specificity; sensitivity该综述仅包括了针对疑似COVID-19患者肺部超声诊断准确

性问题的研究。参考方法包括胸部CT、逆转录聚合酶链反应检测病毒RNA、实验室数

据等。论文由两位作者独立抽取，填写标准化表格的指定字段，然后对研究质量指标

进行评价。为了分析和分组所选研究中肺超声评估肺组织改变体积的敏感性和特异性

的数据，使用了随机效应模型。根据规定的纳入标准，适合16项研究，但仅对3例患

者根据疾病严重程度划分明确组。通过其他有关材料，为了评估次要结果，使用了肺

部超声诊断COVID-19的敏感性和特异性值，而不考虑患者的病情。当研究根据筛查、

疾病严重程度评估和患者队列进行分组时，观察到的主要结果和次要结果的异质性得

以保持。肺部超声诊断重症冠状病毒感染COVID-19患者肺损害的准确性最高（敏感性

为87.6±12.3%，特异性为80.5±7.1%）。同时，该方法在轻度疾病患者中的准确率

最低（敏感性为72.8±7.1%，特异性为74.3±2.7%）。

结果结果。肺部超声检查可用于确诊COVID-19的患者，以检测肺组织的严重损害。该方法

评估轻微-中度肺损伤的诊断价值相对较低。

关键词关键词：COVID-19；肺部超声；病变部位评估；诊断价值；敏感性；特异性
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ABBREVIATIONS
CI — confi dence interval

SMD — standard mean diff erence

CT — computed tomography

US — ultrasound

RT-PCR — reverse transcription polymerase chain reaction

ICD — International Classifi cation 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 specifi city of lung US for dif-

ferent degrees of pulmonary involvement.

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 specifi ed 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 specifi city values or 

providing enough information to construct a 2 × 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 

confi rmed 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 specifi city of lung US in 

COVID-19 patients of diff erent severity grades. Secondary 

outcome measures: numerical values of sensitivity and 

specifi city of lung US and POTUS for COVID-19 patients re-

gardless of the disease severity.

Information sources. Studies were identifi ed 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 specifi city 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 

DOI: https://doi.org/10.17816/DD46834
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search for words “sensitivity” and “specifi city” in full texts. 

Three other researchers (NNV, NSK, and OAM) 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 refi ned accordingly. Two reviewers 

(RVR and DVL) extracted the following data from the in-

cluded studies: Authors, Affi  liation, 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 OAM) verifi ed the extracted 

data. Disagreements were resolved through a discussion 

among the authors. A{ er the review started, we added the 

data from systematic reviews on specifi city 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 fl ow. A detailed 

description of each domain and judgment criteria are de-

scribed in the Cochrane Handbook [16].

Statistical analysis. We used the random-eff ect model 

to analyze and pool lung US sensitivity and specifi city 

across the included studies. To measure between-studies 

heterogeneity, we used estimates of τ2, th     e    percentage of 

variability I2, and Cochran’s Q-statistic. As a threshold we 

used I2 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. A{ er adjusting for duplicates, 236 

studies remained. Of these, 220 studies did not meet the cri-

teria and were discarded a{ er 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 confi rmed 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 Iran, Italy, 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 confi rmed CO-

VID-19), while only fi ve 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 specifi city 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 diff erent 

scoring systems to assess the presence and severity of 

the disease. Dividing the imaging zone into separate re-

gions, and providing a score refl ecting the degree of pul-

DOI: https://doi.org/10.17816/DD46834

SYSTEMATIC REVIEW



18
Digital DiagnosticsVol 1 (1) 2020

Figure 1. Flow diagram of the study selection.

Search results combined, n = 245

Screening of articles' abstracts and full-texts

Included, n = 16

Indicating severity of the disease,
n = 6

Not indicating severity of the disease,
n = 10

Literature search
Databases:

PubMed, Google Scholar
Databases:

English language articles only;
No case reports, case series,
systematic reviews

Excluded, n = 220:
No numerical data on specificity
and sensitivity
Not enough information to construct 2 × 2 
confusion matrix 
Review or editorial letter

Excluded
n = 6, non-human 
n = 3, duplicates
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Figure 2. The map of studies included in the review.

Note: the map underlayer had been taken from Shutterstock [35].
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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 diff erent 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 diff erent patterns [33]. Two studies divided the 

chest wall into ten zones but used diff erent 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 fi ndings [21, 22].

Diagnostic accuracy of lung US. All included studies re-

ported the lung US sensitivity and specifi city values, with 

sensitivity ranging from 15.6% to 100% and specifi city 

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 specifi city 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 specifi city and sensitivity 

values were set at 100% (Figure 3).

According to the meta-analysis results, lung US has a 

specifi city 81.6% ± 13.3% and sensitivity 79.4% ± 21.4% 

in diagnosing COVID-19. However, the Cochran’s test re-

vealed a signifi cant heterogeneity of the data: Q = 2244.8, 

p < 0.001, and Q = 1127.7, p < 0.001, for sensitivity and spec-

ifi city, correspondingly.

The observed heterogeneity could be associated with 

the fact that the included studies assessed the diagnos-

tic value of lung US for diff erent 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 fi rst 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% specifi city 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% specifi city [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).

Figure 3. Bar chart of risk of bias for the 16 included studies.
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Table 1. Lung US effi  ciency for patients with COVID-19

Group
Sensitivity

Q I2, %
Specifi city

Q I2, %
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 7,1 379,6 98,9

Moderate 72,8 7,1 11,24 91,1 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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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-

fi city 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 fi rst exception 

to this was the study by Veronese et al., where the authors 

did not fi nd a signifi cant diff erence 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 classifi ed as severe 

by chest CT compared with normal vs. pathologic and nor-

mal or mild vs. moderate or severe [32].

Overall, in confi rmed 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% specifi city in this group (see 

Table 1). That is a specifi c cohort of patients, but for them, 

lung US has signifi cant 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 

effi  ciency 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 fi ndings 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 a{ er 

a week due to their abnormal US fi ndings [26]. Note that 

the specifi city of lung US according to our meta-analysis, 

was signifi cantly higher than the specifi city 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-

DOI: https://doi.org/10.17816/DD46834
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Figure 4. Forest plots of pooled specifi city (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.
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test probability. There was an evident patient selection and 

index test risk of bias that could aff ect the observed speci-

fi city value (see Figure 2).

Chest CT is superior to lung US in diff erential 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 aff ected by a pre-test probability of the disease. 

For example, in the study by Tung-Chen et al., three pa-

tients had lung US fi ndings 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 signifi cantly 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 fi ve 

studies should be used for a meta-analysis. Although our 

fi nal library contained 16 studies, the data was incomplete. 

For some analyses, we used the highly heterogeneous 

values obtained from only two studies. Signifi cant data 

heterogeneity is also associated with the diff ering patient 

population, index test and reference standard protocols, 

and the outcome defi nitions 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 fi ndings although nonspecifi c, could 

be used for diagnosis, triage, and follow-up of the subjects 

with SARS-CoV-2 infection. Unfortunately, none of them 

focused on distinguishing between patients with diff erent 

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 specifi city for confi rmed 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. Th e 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 specifi city 

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 defi nitions of the disease 

stages and including a control group of participants. An-

other issue that requires future research is the sensitivity 

and specifi city of diff erent scoring systems used to assess 

the severity of the disease.

ADDITIONAL INFO
Funding. The study had no sponsorship.

Confl ict of interest. The  authors declare no confl ict of interest 

regarding the publication.

Authors contribution: Vetsheva N.N. — wrote the paper, per-

formed the analysis; Reshetnikov R.V. — collected the data, per-

formed the analysis, wrote the paper; Leonov D.V. — collected 

the data, performed the analysis; Kulberg N.S. — performed the 

data analysis and the proofreading of the paper; Mokienko O.A. — 

conceived and designed the analysis.

All authors made a signifi cant contribution to the search and 

analysis work and preparation of the article, read and approved 

the fi nal version before publication.

DOI: https://doi.org/10.17816/DD46834

SYSTEMATIC REVIEW

СПИСОК ЛИТЕРАТУРЫ
1. WHO coronavirus disease (COVID-19) dashboard [Internet]. 

Geneva: World Health Organization; 2020 [дата обращения: 

16.09.2020]. Доступ по ссылке: https://covid19.who.int/

2. Franco N. Covid-19 Belgium: Extended SEIR-QD 

model with nursery homes and long-term scenarios-

based forecasts from school opening // medRxiv. 2020.

doi: 10.1101/2020.09.07.20190108

3. Schwartz F., Lieber D. Israel to enter lockdown again as 

second Coronavirus wave hits // Wall Street J [Internet]. 2020 

[дата обращения: 16.09.2020]. Доступ по ссылке: https://

www.wsj.com/articles/israel-to-shut-down-again-as-second-

coronavirus-wave-hits-11600028298

4. Pujadas E., Chaudhry F., McBride R., et al. SARS-CoV-2 viral 

load predicts COVID-19 mortality // Lancet Respir Med. 2020. 

Vol. 8, N 9. e70. doi: 10.1016/S2213-2600(20)30354-4

5. Lippi G., Plebani M., Henry B.M. Thrombocytopenia is 

associated with severe coronavirus disease 2019 (COVID-19) 

infections: A meta-analysis // Clin Chim Acta. 2020. Vol. 506. 

Р. 145–148. doi: 10.1016/j.cca.2020.03.022

6. Paliogiannis P., Mangoni A.A., Dettori P., et al. D-Dimer 

concentrations and COVID-19 severity: a systematic review and 

meta-analysis // Front Public Heal. 2020. Vol. 8. Р. 432. 

7. Gao L., Jiang D., Wen X., et al. Prognostic value of NT-

proBNP in patients with severe COVID-19 // Respir Res. 2020. 



22
Digital DiagnosticsVol 1 (1) 2020

DOI: https://doi.org/10.17816/DD46834

SYSTEMATIC REVIEW

Vol. 21, N 1. Р. 83. doi: 10.1186/s12931-020-01352-w

8. World Health Organization Team [Internet]. Use of chest imag-

ing in COVID-19: a rapid advice guide, 11 June 2020. Доступ по 

ссылке: https://apps.who.int/iris/handle/10665/332336

9. Xu B., Xing Y., Peng J., et al. Chest CT for detecting 

COVID-19: a systematic review and meta-analysis of diagnostic 

accuracy // Eur Radiol. 2020. Vol. 30, N 10. Р. 5720–5727.

doi: 10.1007/s00330-020-06934-2

10. Morozov S., Ledikhova N., Panina E., et al. Re: Controversy in 

coronaViral Imaging and Diagnostics (COVID) // Clin Radiol. 2020. 

Vol. 75, N 11. Р. 871–872. doi: 10.1016/j.crad.2020.07.023

11. Di Serafi no M., Notaro M., Rea G., et al. The lung ultrasound: 

facts or artifacts? In the era of COVID-19 outbreak // Radiol Med. 

2020. Vol. 125, N 8. Р. 738–753. doi: 10.1007/s11547-020-01236-5

12. Mohamed M.F., Al-Shokri S., Yousaf Z., et al. Frequency 

of abnormalities detected by point-of-care lung ultrasound in 

symptomatic COVID-19 patients: systematic review and meta-

analysis // Am J Trop Med Hyg. 2020. Vol. 103, N 2. Р. 815–821.

doi: 10.4269/ajtmh.20-0371

13. Piscaglia F., Stefanini F., Cantisani V., et al. Benefi ts,  open questions 

and challenges of the use of ultrasound in the COVID-19 pandemic era. 

The views of a panel of worldwide international experts // Ultraschall 

Med. 2020. Vol. 41, N 3. Р. 228–236. doi: 10.1055/a-1149-9872

14. Liberati A., Altman D.G., Tetzlaff  J., et al. The PRISMA 

statement for reporting systematic reviews and meta-analyses 

of studies that evaluate health care interventions: explanation 

and elaboration // PLoS Med. 2009. Vol. 6, N 7. e1000100.

doi: 10.1371/journal.pmed.1000100

15. Whiting P.F. QUADAS-2: a revised tool for the quality assessment 

of diagnostic accuracy studies // Ann Intern Med. 2011. Vol. 155, N 8. 

Р. 529–536. doi: 10.7326/0003-4819-155-8-201110180-00009

16. Higgins J.P., Thomas J., Chandler J., et al. Cochrane Handbook 

for Systematic Reviews of Interventions. 2nd ed. Chichester (UK): 

John Wiley & Sons; 2019.

17. Harrer M., Cuijpers P., Furukawa T.A., Ebert D.D. Doing meta-

analysis in r: a hands-on guide [дата обращения: 10.09.2020]. 

Доступ по ссылке: https://bookdown.org/MathiasHarrer/Doing_

Meta_Analysis_in_R

18. R Core Team. A Language and Environment for Statistical 

Computing. 2020. Доступ по ссылке: https://www.r-project.org/

19. Lu W., Zhang S., Chen B., et al. A clinical study of noninvasive 

assessment of lung lesions in patients with Coronavirus Disease-19 

(COVID-19) by bedside ultrasound // Ultraschall Med. 2020. Vol. 41, 

N 3. Р. 300–307. doi: 10.1055/a-1154-8795

20. Zieleskiewicz L., Markarian T., Lopez A., et al. Comparative 

study of lung ultrasound and chest computed tomography 

scan in the assessment of severity of confi rmed COVID-19 

pneumonia // Intensive Care Med. 2020. Vol. 46, N 9. Р. 1707–1713. 

doi: 10.1007/s00134-020-06186-0

21. Pare J.R., Camelo I., Mayo K.C., et al. Point-of-care lung 

ultrasound is more sensitive than chest radiograph for evaluation 

of COVID-19 // West J Emerg Med. 2020. Vol. 21, N 4. Р. 771–778. 

doi: 10.5811/westjem.2020.5.47743

22. Peyrony O., Marbeuf-Gueye C., Truong V., et al. Accuracy 

of emergency department clinical fi ndings for diagnosis of 

Coronavirus disease 2019 // Ann Emerg Med. 2020. Vol. 76, N 4. 

Р. 405–412. doi: 10.1016/j.annemergmed.2020.05.022

23. Tung-Chen Y., Martí de Gracia M., Díez-Tascón A., et al. 

Correlation between chest computed tomography and lung 

ultrasonography in patients with Coronavirus disease 2019 

(COVID-19) // Ultrasound Med Biol. 2020. Vol. 46, N 11. Р. 2918–

2926. doi: 10.1016/j.ultrasmedbio.2020.07.003

24. Veronese N., Sbrogiò L.G., Valle R., et al. Prognostic value 

of lung ultrasound in older nursing home residents aff ected by 

COVID-19 // J Am Med Dir Assoc. 2020. Vol. 21, N 10. Р. 1384–1386. 

doi: 10.1016/j.jamda.2020.07.034

25. Yassa M., Mutlu M.A., Birol P., et al. Lung ultrasound in 

pregnant women during the COVID-19 pandemic: an interobserver 

agreement study among obstetricians // Ultrasonography. 2020. 

Vol. 39, N 4. Р. 340–349. doi: 10.14366/usg.20084

26. Yassa M., Yirmibes C., Cavusoglu G., et al. Outcomes of 

universal SARS-CoV-2 testing program in pregnant women 

admitted to hospital and the adjuvant role of lung ultrasound 

in screening: a prospective cohort study // J Matern 

Fetal Neonatal Med. 2020. Vol. 33, N 22. Р. 3820–3826. 

doi: 10.1080/14767058.2020.1798398

27. Deng Q., Zhang Y., Wang H., et al. Semiquantitative lung 

ultrasound scores in the evaluation and follow-up of critically 

ill patients with COVID-19: a single-center study // Acad Radiol. 

2020. Vol. 27, N 10. Р. 1363–1372. doi: 10.1016/j.acra.2020.07.002

28. Lichter Y., Topilsky Y., Taieb P., et al. Lung ultrasound 

predicts clinical course and outcomes in COVID-19 

patients // Intensive Care Med. 2020. Vol. 46, N 10. Р. 1873–1883.

doi: 10.1007/s00134-020-06212-1

29. Zhao L., Yu K., Zhao Q., et al. Lung ultrasound score in 

evaluating the severity of Coronavirus Disease 2019 (COVID-19) 

pneumonia // Ultrasound Med Biol. 2020. Vol. 46, N 11. Р. 2938–

2944. doi: 10.1016/j.ultrasmedbio.2020.07.024

30. Castelao J., Graziani D., Soriano J.B., Izquierdo J.L. 

Findings and prognostic value of lung ultrasound in COVID-19 

pneumonia // medRxiv. 2020. doi: 10.1101/2020.06.29.20142646

31. Bar S., Lecourtois A., Diouf M., et al. The association of lung 

ultrasound images with COVID-19 infection in an emergency 

room cohort // Anaesthesia. 2020. Vol. 75, N 12. Р. 1620–1625.

doi: 10.1111/anae.15175

32. Benchoufi  M., Bokobza J., Chauvin A.A., et al. Lung injury in patients  

with or suspected COVID-19: a comparison between lung ultrasound 

and chest CT-scanner severity assessments, an observational 

study // medRxiv. 2020. doi: 10.1101/2020.04.24.20069633

33. Favot M., Malik A., Rowland J., et al. Point-of-Care lung ultrasound 

for detecting severe presentations of Coronavirus disease 2019 in the 

emergency department: a retrospective analysis // Crit Care Explor. 

2020. Vol. 2, N 8. e0176. doi: 10.1097/CCE.0000000000000176

34. Hatamabadi H., Shojaee M., Bagheri M., Raoufi  M. Lung ultrasound 

fi ndings compared to chest CT scan in patients with COVID-19 

associated pneumonia: a pilot study // Adv J Emerg Med. 2020.

35. Svajka P. Abstract world map. Grey world map. Isolated on the 

white background. Shutterstock [дата обращения: 16.09.2020]. 

Доступ по ссылке: https://www.shutterstock.com/ru/image-

vector/abstract-world-map-grey-isolated-on-1041962431

36. Böger B., Fachi M.M., Vilhena R.O., et al. Systematic review 

with meta-analysis of the accuracy of diagnostic tests for 

COVID-19 // Am J Infect Control. 2020. N S0196-6553(20)30693-3. 

doi: 10.1016/j.ajic.2020.07.011



23
Digital DiagnosticsVol 1 (1) 2020

DOI: https://doi.org/10.17816/DD46834

SYSTEMATIC REVIEW

37. Xu B., Xing Y., Peng J., et al. Chest CT for detecting COVID-19:

a systematic review and meta-analysis of diagnostic 

accuracy // Eur Radiol. 2020. Vol. 30, N 10. Р. 5720–5727.

doi: 10.1007/s00330-020-06934-2

38. Driggin E., Madhavan M.V., Bikdeli B., et al. Cardiovascular 

considerations for patients, health care workers, and health 

systems during the COVID-19 pandemic // J Am Coll Cardiol. 2020. 

Vol. 75, N 18. Р. 2352–2371. doi: 10.1016/j.jacc.2020.03.031

39. Rubin G.D., Ryerson C.J., Haramati L.B., et al. The role of chest 

imaging in patient management during the COVID-19 pandemic:

a multinational consensus statement from the Fleischner Society // 

Chest. 2020. Vol. 158, N 1. Р. 106–116. doi: 10.1016/j.chest.2020.04.003

40. Sperandeo M., Quarato C.M., Rea G. Diagnosis of coronavirus 

disease 2019 pneumonia in pregnant women: can we rely on lung 

ultrasound? // Am J Obstet Gynecol. 2020. Vol. 223, N 4. Р. 615. doi: 

10.1016/j.ajog.2020.06.028

REFERENCES
1. WHO coronavirus disease (COVID-19) dashboard. Geneva: 

World Health Organization; 2020 [cited 2020 Septr 16]. Available 

from: https://covid19.who.int/

2. Franco N. Covid-19 Belgium: Extended SEIR-QD model 

with nursery homes and long-term scenarios-based forecasts 

from school opening. medRxiv. 2020:2020.09.07.20190108.

doi: 10.1101/2020.09.07.20190108

3. Schwartz F, Lieber D. Israel to enter lockdown again as 

second Coronavirus wave hits. Wall Street J. [cited 2020 Septr 16]. 

Available from: https://www.wsj.com/articles/israel-to-shut-

down-again-as-second-coronavirus-wave-hits-11600028298

4. Pujadas E, Chaudhry F, McBride R, et al. SARS-CoV-2 viral load 

predicts COVID-19 mortality. Lancet Respir Med. 2020;8(9):e70. doi: 

10.1016/S2213-2600(20)30354-4

5. Lippi G, Plebani M, Henry BM. Thrombocytopenia is 

associated with severe coronavirus disease 2019 (COVID-19) 

infections: A meta-analysis. Clin Chim Acta. 2020;506:145–148.

doi: 10.1016/j.cca.2020.03.022

6. Paliogiannis P, Mangoni AA, Dettori P, et al. D-Dimer 

concentrations and COVID-19 severity: a systematic review and 

meta-analysis. Front Public Heal. 2020;8:432.

7. Gao L, Jiang D, Wen X, et al. Prognostic value of NT-proBNP 

in patients with severe COVID-19. Respir Res. 2020;21(1):83. doi: 

10.1186/s12931-020-01352-w

8. World Health Organization Team. Use of chest imaging in CO-

VID-19: a rapid advice guide, 11 June 2020. Available from: https://

apps.who.int/iris/handle/10665/332336

9. Xu B, Xing Y, Peng J, et al. Chest CT for detecting COVID-19:

a systematic review and meta-analysis of diagnostic accuracy. Eur 

Radiol. 2020;30(10):5720–5727. doi: 10.1007/s00330-020-06934-2

10. Morozov S, Ledikhova N, Panina E, et al. Re: Controversy 

in coronaViral Imaging and Diagnostics (COVID). Clin Radiol. 

2020;75(11):871–872. doi: 10.1016/j.crad.2020.07.023

11. Di Serafi no M, Notaro M, Rea G, et al. The lung ultrasound: 

facts or artifacts? In the era of COVID-19 outbreak. Radiol Med. 

2020;125(8):738–753. doi: 10.1007/s11547-020-01236-5

12. Mohamed MF, Al-Shokri S, Yousaf Z, et al. Frequency of abnor-

malities detected by point-of-care lung ultrasound in symptomatic CO-

VID-19 patients: systematic review and meta-analysis. Am J Trop Med 

Hyg. 2020;103(2):815–821. doi: 10.4269/ajtmh.20-0371

13. Piscaglia F, Stefanini F, Cantisani V, et al. Benefi ts, open 

questions and challenges of the use of ultrasound in the 

COVID-19 pandemic era. The views of a panel of worldwide 

international experts. Ultraschall Med. 2020;41(3):228–236.

doi: 10.1055/a-1149-9872

14. Liberati A, Altman DG, Tetzlaff  J, et al. The PRISMA 

statement for reporting systematic reviews and meta-

analyses of studies that evaluate health care interventions: 

explanation and elaboration. PLoS Med. 2009;6(7):e1000100.

doi: 10.1371/journal.pmed.1000100

15. Whiting PF. QUADAS-2: a revised tool for the quality assessment 

of diagnostic accuracy studies. Ann Intern Med. 2011;155(8):529–

536. doi: 10.7326/0003-4819-155-8-201110180-00009

16. Higgins JP, Thomas J, Chandler J, et al. Cochrane Handbook 

for Systematic Reviews of Interventions. 2nd ed. Chichester (UK): 

John Wiley & Sons; 2019.

17. Harrer M, Cuijpers P, Furukawa TA, Ebert DD. Doing meta-

analysis in r: a hands-on guide [cited 2020 Septr 10]. Available 

from: https://bookdown.org/MathiasHarrer/Doing_Meta_Analy-

sis_in_R

18. R Core Team. A Language and Environment for Statistical 

Computing. 2020. Available from: https://www.r-project.org/

19. Lu W, Zhang S, Chen B, et al. A clinical study of noninvasive 

assessment of lung lesions in patients with Coronavirus 

Disease-19 (COVID-19) by bedside ultrasound. Ultraschall Med. 

2020;41(3):300–307. doi: 10.1055/a-1154-8795

20. Zieleskiewicz L, Markarian T, Lopez A, et al. Comparative 

study of lung ultrasound and chest computed tomography 

scan in the assessment of severity of confirmed COVID-19 

pneumonia. Intensive Care Med. 2020;46(9):1707–1713.

doi: 10.1007/s00134-020-06186-0

21. Pare JR, Camelo I, Mayo KC, et al. Point-of-care lung 

ultrasound is more sensitive than chest radiograph for 

evaluation of COVID-19. West J Emerg Med. 2020;21(4):771–778. 

doi: 10.5811/westjem.2020.5.47743

22. Peyrony O, Marbeuf-Gueye C, Truong V, et al. Accuracy 

of emergency department clinical fi ndings for diagnosis of 

Coronavirus disease 2019. Ann Emerg Med. 2020;76(4):405–412. 

doi: 10.1016/j.annemergmed.2020.05.022

23. Tung-Chen Y, Martí de Gracia M, Díez-Tascón A, et al. 

Correlation between chest computed tomography and lung 

ultrasonography in patients with Coronavirus disease 2019 

(COVID-19). Ultrasound Med Biol. 2020;46(11):2918–2926. doi: 

10.1016/j.ultrasmedbio.2020.07.003

24. Veronese N, Sbrogiò LG, Valle R, et al. Prognostic value 

of lung ultrasound in older nursing home residents aff ected 

by COVID-19. J Am Med Dir Assoc. 2020;21(10):1384–1386. doi: 

10.1016/j.jamda.2020.07.034

25. Yassa M, Mutlu MA, Birol P, et al. Lung ultrasound in pregnant 

women during the COVID-19 pandemic: an interobserver 



24
Digital DiagnosticsVol 1 (1) 2020

DOI: https://doi.org/10.17816/DD46834

SYSTEMATIC REVIEW

agreement study among obstetricians. Ultrasonography. 

2020;39(4):340–349. doi: 10.14366/usg.20084

26. Yassa M, Yirmibes C, Cavusoglu G, et al. Outcomes of 

universal SARS-CoV-2 testing program in pregnant women 

admitted to hospital and the adjuvant role of lung ultrasound in 

screening: a prospective cohort study. J Matern Fetal Neonatal 

Med. 2020;33(22):3820–3826. doi: 10.1080/14767058.2020.1798398

27. Deng Q, Zhang Y, Wang H, et al. Semiquantitative lung 

ultrasound scores in the evaluation and follow-up of critically 

ill patients with COVID-19: a single-center study. Acad Radiol. 

2020;27(10):1363–1372. doi: 10.1016/j.acra.2020.07.002

28. Lichter Y, Topilsky Y, Taieb P, et al. Lung ultrasound predicts 

clinical course and outcomes in COVID-19 patients. Intensive Care 

Med. 2020;46(10):1873–1883. doi: 10.1007/s00134-020-06212-1

29. Zhao L, Yu K, Zhao Q, et al. Lung ultrasound score in 

evaluating the severity of Coronavirus Disease 2019 (COVID-19) 

pneumonia. Ultrasound Med Biol. 2020;46(11):2938–2944.

doi: 10.1016/j.ultrasmedbio.2020.07.024

30. Castelao J, Graziani D, Soriano JB, Izquierdo JL. Findings 

and prognostic value of lung ultrasound in COVID-19 pneumonia. 

medRxiv. 2020. doi: 10.1101/2020.06.29.20142646

31. Bar S, Lecourtois A, Diouf M, et al. The association 

of lung ultrasound images with COVID-19 infection in an 

emergency room cohort. Anaesthesia. 2020;75(12):1620–1625.

doi: 10.1111/anae.15175

32. Benchoufi  M, Bokobza J, Chauvin AA, et al. Lung injury 

in patients with or suspected COVID-19: a comparison 

between lung ultrasound and chest CT-scanner severity 

assessments, an observational study. medRxiv. 2020. doi: 

10.1101/2020.04.24.20069633

33. Favot M, Malik A, Rowland J, et al. Point-of-Care 

lung ultrasound for detecting severe presentations of 

Coronavirus disease 2019 in the emergency department: 

a retrospective analysis. Crit care Explor. 2020;2(8):e0176.

doi: 10.1097/CCE.0000000000000176

34. Hatamabadi H, Shojaee M, Bagheri M, Raoufi  M. Lung ultrasound 

fi ndings compared to chest CT scan in patients with COVID-19 

associated pneumonia: a pilot study. Adv J Emerg Med. 2020.

35. Svajka P. Abstract world map. Grey world map. Isolated on the 

white background. Shutterstock [cited 2020 Septr 16]. Available 

from: https://www.shutterstock.com/ru/image-vector/abstract-

world-map-grey-isolated-on-1041962431

36. Böger B, Fachi MM, Vilhena RO, et al. Systematic review 

with meta-analysis of the accuracy of diagnostic tests for 

COVID-19. Am J Infect Control. 2020;S0196-6553(20)30693-3.

doi: 10.1016/j.ajic.2020.07.011

37. Xu B, Xing Y, Peng J, et al. Chest CT for detecting 

COVID-19: a systematic review and meta-analysis of 

diagnostic accuracy. Eur Radiol. 2020;30(10):5720–5727.

doi: 10.1007/s00330-020-06934-2

38. Driggin E, Madhavan MV, Bikdeli B, et al. Cardiovascular 

considerations for patients, health care workers, and health 

systems during the COVID-19 pandemic. J Am Coll Cardiol. 

2020;75(18):2352–2371. doi: 10.1016/j.jacc.2020.03.031

39. Rubin GD, Ryerson CJ, Haramati LB, et al. The role 

of chest imaging in patient management during the 

COVID-19 pandemic: a multinational consensus statement 

from the Fleischner Society. Chest. 2020;158(1):106–116.

doi: 10.1016/j.chest.2020.04.003

40. Sperandeo M, Quarato CM, Rea G. Diagnosis of coronavirus 

disease 2019 pneumonia in pregnant women: can we rely 

on lung ultrasound? Am J Obstet Gynecol. 2020;223(4):615.

doi: 10.1016/j.ajog.2020.06.028

*Ветшева Наталья Николаевна, д.м.н.;

адрес: Россия, 127051, Москва, ул. Петровка, д. 24;

ORCID: https://orcid.org/0000-0002-9017-9432,

eLibrary SPIN: 9201-6146, e-mail: vetsheva@npcmr.ru

Решетников Роман Владимирович, к.ф.-м.н.;

ORCID: https://orcid.org/0000-0002-9661-0254,

eLibrary SPIN: 8592-0558, e-mail: reshetnikov@fbb.msu.ru

Леонов Денис Владимирович, к.ф.-м.н.;

ORCID: https://orcid.org/0000-0003-0916-6552,

eLibrary SPIN: 5510-4075, e-mail: d.leonov@npcmr.ru

Кульберг Николай Сергеевич, к.ф.-м.н.;

ORCID: https://orcid.org/0000-0001-7046-7157,

eLibrary SPIN: 2135-9543, e-mail: kulberg@npcmr.ru

Мокиенко Олеся Александровна, к.м.н.;

ORCID: https://orcid.org/0000-0002-7826-5135,

eLibrary SPIN: 8088-9921, e-mail: o.mokienko@npcmr.ru

*Natalia N. Vetsheva, MD, PhD;

address: Petrovka str., 24, 127051, Moscow, Russia;

ORCID: https://orcid.org/0000-0002-9017-9432,

eLibrary SPIN: 9201-6146, e-mail: vetsheva@npcmr.ru

Roman V. Reshetnikov, PhD;

ORCID: https://orcid.org/0000-0002-9661-0254,

eLibrary SPIN: 8592-0558, e-mail: reshetnikov@fbb.msu.ru

Denis V. Leonov, PhD;

ORCID: https://orcid.org/0000-0003-0916-6552,

eLibrary SPIN: 5510-4075, e-mail: d.leonov@npcmr.ru

Nikolas S. Kulberg, PhD;

ORCID: https://orcid.org/0000-0001-7046-7157,

eLibrary SPIN: 2135-9543, e-mail: kulberg@npcmr.ru

Olesya A. Mokienko, MD, PhD;

ORCID: https://orcid.org/0000-0002-7826-5135,

eLibrary SPIN: 8088-9921, e-mail: o.mokienko@npcmr.ru

ОБ АВТОРАХ AUTHORS INFO




