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Abstract: Background Lung ultrasound (LUS) and computed tomography (CT) can both be used
for diagnosis of interstitial pneumonia caused by coronavirus disease 2019 (COVID-19), but the
agreement between LUS and CT is unknown. Purpose to compare the agreement of LUS and CT in
the diagnosis of interstitial pneumonia caused by COVID-19. Materials and Methods We searched
PubMed, Cochrane library, Embase, Chinese Biomedicine Literature, and WHO COVID-19 databases
to identify studies that compared LUS with CT in the diagnosis of interstitial pneumonia caused by
COVID-19. We calculated the pooled overall, positive and negative percent agreements, diagnostic
odds ratio (DOR) and the area under the standard receiver operating curve (SROC) for LUS in the
diagnosis of COVID-19 compared with CT. Results We identified 1896 records, of which nine studies
involving 531 patients were finally included. The pooled overall, positive and negative percentage
agreements of LUS for the diagnosis of interstitial pneumonia caused by COVID-19 compared with
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CT were 81% (95% confidence interval [CI] 43-99%), 96% (95% CI, 80-99%, 12 = 92.15%) and 80%
(95%CI, 60-92%, 12 = 92.85%), respectively. DOR was 37.41 (95% CI, 9.43-148.49, I = 63.9%), and the
area under the SROC curve was 0.94 (95% CI, 0.92-0.96). The quality of evidence for both specificity
and sensitivity was low because of heterogeneity and risk of bias. Conclusion The level of diagnostic
agreement between LUS and CT in the diagnosis of interstitial pneumonia caused by COVID-19 is
high. LUS can be therefore considered as an equally accurate alternative for CT in situations where
molecular tests are not available.

Keywords: COVID-19; systematic review; POCUS; lung ultrasound; computed tomography

1. Background

During the first year of the pandemic, Coronavirus Disease 2019 (COVID-19) has
caused substantial harm in all aspects of life and a great loss of human, material, and
financial resources. Diagnosis is a critical step for the treatment and prognosis of COVID-
19. Currently, the reverse-transcriptase polymerase chain reaction (RT-PCR) for viral load is
considered as the gold standard in the diagnosis of COVID-19 [1]. However, receiving the
results of RT-PCR can take at least several hours, and in some circumstances, particularly
in emergency situations, more rapid diagnostic methods are needed. Other common
diagnostic methods for COVID-19 include chest computed tomography (CT), X-ray. Each
of these methods has advantages in some aspects in the detection of COVID-19. However,
one single study has shown that all of them have a low specificity compared with RT-PCR in
diagnosing COVID-19 [2]. The use of imaging for patients with acute or severe COVID-19
is also inconvenient for the patients.

Lung ultrasound (LUS) refers to the application of ultrasound technology in the
diagnosis and screening of respiratory diseases. LUS can be used to evaluate pleural
abnormalities, to guide thoracentesis and related procedures, and to improve the accu-
racy and safety of identifying pleural disease and performing transpleural access-related
procedures [3]. Compared to traditional pleural radiography, LUS has a multitude of
advantages: it is radiation-free, uses portable equipment, the imaging is real-time and
can be displayed dynamically [4]. Point-of-care ultrasonography (POCUS), a LUS tool
widely used in emergency and critical care departments, is particularly practical as it can
be used at the patient’s bedside, saving time and capacity. LUS and CT can both be used
for diagnosis, assessment of disease severity, and evaluation of prognosis of interstitial
pneumonia caused by COVID-19. In this systematic review, we aim to comprehensively
identify the diagnostic agreement between LUS and CT in the diagnosis of interstitial pneu-
monia caused by COVID-19. We present this article in accordance with the PRISMA-DTA
statement [5].

2. Methods

We have registered this systematic review at OSF REGISTRIES and the registration
DOl is 10.17605/OSEIO/ZY7FU.

2.1. Inclusion and Exclusion Criteria
2.1.1. Inclusion Criteria

We limited the search to studies that compared LUS with CT in the diagnosis of
interstitial pneumonia caused by COVID-19. We included peer-reviewed papers published
in English or Chinese that met the following conditions: (1) participants were patients
with confirmed or suspected COVID-19 or asymptomatic SARS-CoV-2 infection; (2) the
diagnostic method was ultrasound diagnosis (including POCUS) in the intervention group,
and CT in the control group; and (3) a two-by-two contingency table comparing the
diagnosis results with LUS and CT could be calculated.
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2.1.2. Exclusion Criteria

We excluded narrative reviews, letters, and conference abstracts; duplicate publica-
tions; studies with insufficient data; and studies from which data could not be extracted.

2.2. Search Strategy

We systematically searched Medline, Embase, The Cochrane Library, Chinese Biomedicine
Literature, and WHO COVID-19 database from 1 January 2020 to 15 January 2021 to iden-
tify studies on the use of LUS in the diagnosis of COVID-19. We used the following search
strategy, adapted for the requirements of each database if necessary: (“COVID-19” OR
“2019-nCov” OR “SARS-CoV-2") AND (“ultrasonography” OR “ultrasound” OR “echog-
raphy” OR “ultrasonics” OR “ultrasonic diagnosis” OR “ultrasonic echo” OR “ultrasonic
examination” OR “ultrasonic scanning”). We also searched the reference lists of the iden-
tified articles to find additional studies. The details of the search strategy are shown in
Supplementary Material 1.

2.3. Article Selection and Data Extraction

Two reviewers first screened all titles and abstracts, and then the full texts of articles
deemed potentially eligible, independently according to the inclusion and exclusion criteria.
Disagreements were solved by consensus or consultation with a third reviewer. The
following information was extracted: (1) basic information (the first author, publication
date, country or region of participants, and sample size), (2) patient information (age,
gender, enrollment time of patients, setting where the study was conducted), and (3) the
values of the two-by-two contingency table comparing the diagnostic outcomes with LUS
and CT. If the contingency table could not be extracted from the article, we contacted the
corresponding author for the information. If we could not retrieve the necessary data
despite contacting the authors, the article was excluded.

2.4. Assessment of Risk of Bias and Quality of Evidence

Two investigators used the Quality Assessment of Diagnostic Accuracy Studies 2
(QUADAS-2) tool to assess the risk of bias in the included studies independently [6].
The QUADAS-2 tool covers both risk of bias and applicability. The risk of bias section
consists of four domains (patient selection, index test, reference standard, and flow and
timing) and the applicability section of three domains (patient selection, index test, and
reference standard). The risk of bias or concerns in applicability in each domain are rated as
either “low”, “high”, or “unclear”. Review Manager (RevMan) Version 5.4. (The Cochrane
Collaboration, 2020) was used to present the results. In case of disagreement consensus
was reached by discussion or consultation with a third researcher.

The quality of evidence was evaluated using the GRADE approach. For outcomes on
diagnostic accuracy, the assessment starts by assuming high quality of evidence, which is
then downgraded according to the risk of bias, indirectness, inconsistency, impreciseness,
and publication bias, and upgraded for dose-response effect, large residual effects, and
lack of bias and confounding [7].

2.5. Statistical Analysis

We calculated the pooled overall percent agreement, positive percent agreement, and
negative percent agreement comparing LUS in the diagnosis of COVID-19 with CT as
the reference. The overall percent agreement is the proportion of all test results that were
in agreement with the two methods. The positive and negative percent agreements are
equivalent to sensitivity and specificity, respectively, in situations where the reference is
not necessarily the gold standard. The I? statistics and Q test were used to measure and
interpret the heterogeneity. Meta-analysis was performed after we had confirmed that
there was no statistical heterogeneity. We used either the fixed or randomized effect model
according to the guidance in the Cochrane Handbook for Systematic Reviews of Diagnostic
Test Accuracy. We also calculated the diagnostic odds ratio (DOR) and area under the
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Identification

[

]

Eligibility Screening

Included

summary receiver operating characteristic (SROC) curve assuming CT as the reference
standard. The analyses were performed in STATA 14 (Stata/MP 14.0 for Mac (64-bit Intel),
Revision 22 April 2015, Copyright 1985-2015 StataCorp LP) software. The significance

level of the meta-analysis was set at « = 0.05.

3. Results
3.1. Literature Selection Process

A total of 1896 documents were retrieved. After reading the titles, abstracts, and full

text of the documents, nine articles were included in the analysis [8-16] (Figure 1).

Records identified through database Additional records identified through other

PubMed (n = 799), Embase (n=526),
Cochrane Library (28); CBM (n = 90), WHO

(353)

searching (n = 1796) sources (n = 100)

A4 A4
Records after duplicates removed
(n=1342)
Records screened Records excluded
(n=1342) (n=1216)
Full-text articles excluded, with
\ reasons (n =117)
* Not related to 2019-nCoV (n = 57)
Full-text articles assessed for * Guidelines and Consensus
eligibility documents (n = 20)
(n=126) * Literature review (n = 18)
* Records without control group
(n=14)
* Other language (n = 8)

A

Articles included in study
(n=9)

Figure 1. Flowchart of the literature search and screen.

3.2. Characteristics of the Included Studies

A total of nine studies involving 531 patients were included, of which, three studies
were from Turkey, and one each from the United States, Germany, Spain, Belgium, Italy,
and China (Table 1). The study subjects included in the study were recruited between
February and May of 2020 with sample sizes ranging from nine to 131. Four studies
contained patients suspected for COVID-19, four contained patients with confirmed case
of COVID-19, and one contained asymptomatic patients suspected to be infected with
SARS-CoV-2. Only one study reported that they used high-resolution CT.
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Table 1. Characteristics of the included studies.

Reslel;rch Journals Country/Area Pub]ljl;::l:mn Patients Ferr(\;j )e "N Age (year) Patlen}j{ﬁzrolled Setting Sasx;;}:le Ultrasound CcT TP FP FN TN
San et al. Notfall and 2 December Confirmed o Mean + SD B .
8] Rettungsmedizin Turkey 2020 COVID-19 20 (50.0%) 43.8 + 16.6 1-30 April 2020 ED 40 LUS CT 20 3 12 5
Schmid BMC Emergency 7 December Suspected .
etal. [9] Medicine Germany 2020 COVID-19 NA NA 1-25 April 2020 ED 31 LUSs CT 13 3 7 8
. Mean 51
Karagoz Ultrasound 1 December Suspected o _ .
etal. [10] Quarterly Turkey 2020 COVID-19 31 (43.0%) (zi)aggﬁi 1-15 April 2020 ED 72 BLUS CT 32 3 1 36
leﬁlﬁt " bediatr Pulmonol Turkey 21 Ostober Coniirmed NA Children  April-May 2020  Hospital 30 LUS cT 11 1 2 16
ChTTze]t al. U””’Sg’lfo"ld Med Spain 13 July 2020 g‘g‘{;{gﬁ‘{g 23 (45.1%) lzlleznfl?]? March-April 2020 ED 51 LUS cT 37 3 0 11
Narinx Emergency . 10 September Suspected o Mean +SD 28 March-20 April
etal. [13] Radiology Belgium 2020 COVID-19 49(G44%) 504 4163 2020 ED 20 Pocus cT 2 51 0 17
Internal and
Dacrema 11 January Suspected o Mean + SD 21 February-15
etal. [14] Emergency Italy 2021 COVID-19 32(244%) o434 143 March 2020 ED 131 LUS HRCT 129 0 1 1
Medicine
Western Journal
Walsh et al. of Emergency USA 28 September COVID-19 NA >14 4 March-19 May ED 77 LUS CT 12 13 0 52
[15] '8 2020 2020
Medicine
Advanced Asymptomatic
Lin et al. Ultrasound in . 6 September SARS-CoV-2 o Mean + SD 22-23 February .
[16] Diagnosis and China 2020 infected 4(44.4%) 34.0 £17.9 2020 Hospital 9 LUS cT 2 0 1 6
Therapy patients

LUS: Lung Ultrasound; CT: Computed Tomography; HRCT: High-resolution Computed Tomography; POCUS: Point-of-care Ultrasonography; BLUS: Bedside Lung Ultrasound; ED: Emergency Department.
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3.3. Risk of Bias in the Included Studies

The results of risk of bias in the included studies are shown in detail in Figure 2. Four
studies had a high or unclear risk of bias in patient selection, four studies in flow and
timing, seven studies in reference standard, and seven studies in index test.

PatientSelection il NN B

index Test [ I N
Reference Standard [l N N
Flowand Timing Il I
0% 25% 50% 75% 100% 0% 25% 50% 75%  100%
Risk of Bias Applicability Concerns
| [l High [Junclear B Low
Figure 2. The risk of bias in the included studies.
3.4. Agreement of LUS for the Diagnosis of COVID-19
The pooled overall percent agreement was 81% (95% confidence interval [CI], 43-99%),
positive percent agreement 96% (95% CI, 80-99%, 12 = 92.15%), and negative percent
agreement 80% (95%CI, 60-92%, I2 = 92.85%) (Figure 3). The DOR was 37.4 (95% (I,
9.4-148.5, I = 63.9%) (Figure 4), and the area under the SROC curve 0.94 (95% CI, 0.92-0.96)
(Figure 5). The quality of evidence for both positive and negative percent agreement was
low because of heterogeneity and risk of bias.
Studyld : SENSITIVITY (95% Cl) Studyld : SPECIFICITY (95% Cl)
[ |
[ |
| |
[ I
Lin et al.[16] . |l 0.67 [0.09 - 0.99) Lin et al[16] gl—m 1.00 [0.54 - 1.00]
| |
Walsh et al[15] —ILﬂ 1.00 [0.74 - 1.00] Walsh et al{15] —a?— 0.80 [0.68 - 0.89)
| |
Dacrema et al{14] Ikn 0.99 [0.96 - 1.00) Dacrema et al{14] : . 1.00 [0.03 - 1.00]
[ |
Narinx et al.[13] —te 1.00 [0.85 - 1.00] Narinx et al[13] —— | 0.25[0.15 - 0.37]
| |
| |
Chen et al.[12] —4® | 1.00[0.91 - 1.00] Chen et al.[12] —_——— 0.79 [0.49 - 0.95)
| |
| |
Hizal et al.[11] et 0.85 [0.55 - 0.98] Hizal et al.[11] ——- 0.94 [0.71 - 1.00]
| |
| I
Karagoz et al.[10] — 0.97 [0.84 - 1.00] Karagéz et al.[10] +—.- 0.92 [0.79 - 0.98]
[ |
Schmid et al.[9] ——— : 0.65 [0.41 - 0.85] Schmid et al.[9] —’!}—:— 0.73 [0.39 - 0.94]
| |
San et al.[8] —— : 0.62 [0.44 - 0.79) San et al.[8] —-{l‘—‘;— 0.62[0.24 - 0.91)
| |
[ I
[ |
| |
COMBINED <b 0.96[0.80 - 0.99] COMBINED <> 0.80[0.60 - 0.92]
| |
: Q=101.93, df =8.00, p = 0.00 : Q=111.87,df =8.00, p = 0.00
| |
: 12 =92.15 [88.39 - 95.91] : 12 =92.85 [89.51 - 96.18]
0?1 1?0 O.IO 1!0
SENSITIVITY SPECIFICITY

Figure 3. Positive (left panel) and negative (right panel) percent agreement of lung ultrasound for the diagnosis of interstitial

pneumonia caused by COVID-19.
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Research ID

San et al.[8]
Schmid et al.[9]
Karagoz et al.[10]
Hizal et al.[11]
Chen et al.[12]
Narinx et al.[13]
Dacrema et al.[14]
Walsh et al.[15]
Lin et al.[16]

Overall, DL (I = 63.7%, p = 0.005)

DOR (95% ClI)

—_—— 2.78 (0.56, 13.76)
- 4.95 (0.99, 24.87)
% 384.00 (38.01, 3879.14)
——o— 88.00 (7.08, 1093.96)
———%————  246.43 (11.84, 5130.80)
—.—.— 15.29 (0.88, 265.52)
: 259.00 (7.20, 9314.79)
—.—o— 97.22 (5.41, 1748.10)
- 21.67 (0.64, 730.03)
<> 37.38 (9.4, 148.07)

%

Weight

14.81
14.76
12.16
11.43
9.74
10.31
8.21
10.20
8.38
100.00

T
0.0001221

1

T
8192

NOTE: Weights are from random-effects model; continuity correction applied to studies with zero cells

Figure 4. Diagnostic odds ratio of lung ultrasound for the diagnosis of interstitial pneumonia caused by COVID-19.
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Figure 5. The summary receiver operating characteristic curve of lung ultrasound for the diagnosis of interstitial pneumonia

caused by COVID-19.
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4. Discussion
4.1. Principal Findings

Our study identified nine studies comparing LUS with CT for the diagnosis of intersti-
tial pneumonia caused by COVID-19 [8-16]. In four out of five cases the diagnoses done by
LUS and CT were in agreement. In particular, LUS was able to detect COVID-19 in 96% of
patients who were diagnosed positive with CT. The quality of evidence was however low.
LUS and CT therefore have comparable reliability in diagnosing COVID-19 in patients at
emergency departments.

Ultrasound can yield high resolution images of anatomical structures quickly and in
a timely manner. It can also be applied to the examination of lungs, stomach, and other
chest structures and to rapidly diagnosis or confirmation of the cause of hemodynamic
instability [17]. As early as during the pandemic of influenza A in 2003, LUS was shown to
yield results comparable with chest imaging tools for the early diagnosis of HIN1 at the
emergency department.

In diagnosing pulmonary diseases or disorders, such as pneumothorax, pleural effu-
sion, pneumonia, chronic obstructive pulmonary disease/asthma, pulmonary edema, and
acute respiratory distress syndrome (ARDS), the sensitivity and specificity of LUS have
been shown to be higher than those of CT [18]. In patients with ARDS, the capabilities of
chest X-ray and LUS in identifying patients at high risk of death have been shown to be
equivalent [19]. LUS has been commonly used in the diagnosis of acute respiratory failure
as a basic tool that can help improve the diagnosis in intensive care setting. When combined
with standard diagnostic methods, LUS can expedite the management of emergency care.

POCUS is one of the more common types of ultrasound, a compact equipment that can
be used at the patient’s bedside for diagnostic or adjunctive confirmation of diseases [20].
POCUS is currently attracting a lot of attention in intensive care units (ICU) due to its many
advantages. POCUS allows to delay or even avoid the need of transfer to the radiology
department, and prevent exposure to radiation [21]. POCUS can also guide life-saving
therapies in extreme emergencies. POCUS has a sensitivity of 85% (95%CI 84-87%) and
specificity of 93% (95%CI 92-95%) for pneumonia, showing it is an accurate tool for the
diagnosis of pneumonia [22]. In health care settings with limited medical resources and
in primary care facilities, POCUS is feasible for detecting pulmonary manifestations of
malaria and sepsis [23]. In addition, POCUS has been shown to have advantages and
be effective in the diagnosis and evaluation of patients in the perioperative period in the
emergency departments [24]. POCUS has also been used in emergency departments for
rapid assessment of the patient’s lungs and chest [25]. Therefore, POCUS is an important
diagnostic tool for pneumonia due to its simplicity, accessibility, low cost, and lack of
radiological hazards.

LUS had been used for the diagnosis of lung disease for a long time. Early in the
COVID-19 outbreak, LUS was found to show specific findings in patients with COVID-19:
irregular pleural lines on the anterior and posterior thorax bilaterally, small subpleural
consolidations, white areas and thick, confluent and irregular vertical artifacts (B lines),
and the presence of stripped areas bilaterally, mixed with pathologic areas. This evi-
dence suggested that LUS could be used to diagnose and evaluate COVID-19 [26]. As
COVID-19 spread across the world, the use of ultrasound became widespread and is now
recommended by several national and international guidelines. For example, the WHO
guidelines suggest that ultrasound can be used as a complementary alternative method
for diagnostic evaluation in pregnant women and children with infection prevention and
control measures [27,28]. The International Society of Ultrasound in Obstetrics and Gy-
necology (ISUOG) updated their guidelines stating that ultrasound can be performed to
examine the fetuses and pregnant women for the diagnosis and evaluation of COVID-19
with proper protection.
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4.2. Strengths and Limitation

A total of 14 reviews or protocols assessing the use of LUS for the diagnosis of
COVID-19 have been published prior to our study, including 12 narrative reviews [29-40],
one systematic review and meta-analysis [41], and one systematic review proposal [42].
The narrative reviews analyzed the role of LUS in COVID-19 from different perspectives.
However, most of the reviews did not search the literature systematically or analyze the
risk of bias. The conclusions of the only systematic review so far were similar to ours [41],
but our search covering five databases was broader and could thus include more studies
and patients, strengthening the evidence.

Our study has also some limitations. We did not include preprints because we decided
to restrict the review to peer-reviewed studies to assure high quality of the meta-analysis.
In addition, we did not perform subgroup analyses because the differences in patient
characteristics between the studies were minor. For the scoring of LUS, we did not calculate
the scores of COVID-19 because of the different scoring systems. Finally, the overall quality
of the included studies was low.

5. Conclusions

The diagnostic agreement between LUS and CT in the diagnosis of interstitial pneu-
monia caused by COVID-19 is high. LUS can be therefore considered as an equally accurate
alternative for CT in situations where molecular tests are not available. Particularly when
performed with a point-of-care portable tool, LUS has great potential to support the diag-
nosis and evaluation of patients with COVID-19 in emergency or intensive care setting due
to its simplicity, accessibility, low cost, and safety.
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