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Abstract

Background: Coronavirus disease 2019 (COVID-19) has emerged as a pandemic with high morbidity and mortality rates. As lung point-of-care ultrasound
(POCUSY) is a safe, noninvasive, portable imaging tool used for diagnosing COVID-19-related pneumonia, this systematic review and meta-analysis aimed to assess
its utility compared to computed tomography (CT) scans and chest X-rays (CXRs).

Methods: A systematic literature review was conducted on PubMed, Medline, Ovid, Scopus, Central, and WHO COVID-19 research databases using the keywords
"POCUS" and "COVID" in the abstracts and titles from January 2020 to October 2022. The pooled overall, positive, and negative percent agreements, diagnostic
odds ratio (DOR), and area under the standard receiver operating curve (SROC) were calculated.

Results: The study included 43 research studies with 5,479 patients. A meta-analysis of 19 articles revealed a pooled positive percent agreement of 85% (95%
confidence interval (CI): 83%-87%, I? = 80.9%), a negative percent agreement of 65% (95% CI: 62%-67%, I? = 91.1%), a DOR of 14.2 (95% CI: 7.86-25.66, I? =
76.4%), overall pooled positive and negative likelihood ratios of 2.55 (95% CI: 1.92-3.39, I = 89.7%) and 0.22 (95% CI: 0.15-0.32, I? = 72.7%), respectively, and an
area under the SROC curve of 0.8466 for POCUS in detecting COVID-19-related pneumonia.

Conclusions: POCUS is sensitive in detecting COVID-19-related pulmonary manifestations, but its specificity is lower than other imaging techniques. It can help
diagnose COVID-19-related pneumonia when used alongside CT scans and CXRs, but further research with larger study numbers is necessary to comprehensively
evaluate its accuracy and limitations.

In addition, many authors recommend using chest computed
tomography (CT) scans or lung ultrasound (LUS) in conjunction
with clinical and blood exams for patients with suspected COVID-19-
related pneumonia, particularly in cases of acute respiratory syndrome.
These strategies help address the high rates of false negative RT-PCR
results. Chest X-rays (CXRs), CT scans, and LUS are commonly used
for diagnosing the pulmonary manifestations of COVID-19 [6,12,13].

Introduction

Coronavirus disease 2019 (COVID-19) is a pandemic caused by
coronavirus 2, first identified in Wuhan, Hubei Province, China, in
December 2019. The disease presents with a wide range of signs and
symptoms, from asymptomatic or mild cases to severe pneumonia [1,2].
Infection with coronavirus 2 can lead to respiratory syndrome, which
is a major contributor to morbidity and mortality [3-6]. Approximately
20% of infected patients develop acute respiratory distress syndrome Specific features characterize chest CT scan findings in patients
[7]. with confirmed COVID-19-related pneumonia, including unilateral

Efforts have been made to establish effective protocols for triaging
and prioritizing patients for isolation and testing [8]. Real time reverse
transcription polymerase chain reaction (RT-PCR) is the gold standard
diagnostic tool for severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection, typically performed using nasopharyngeal
swabs. However, RT-PCR has shown suboptimal sensitivity and can
yield false negative results. Therefore, the diagnosis should not rely
solely on RT-PCR, and multiple swabs may be necessary to improve
test sensitivity [9-11].
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or bilateral ground-glass opacities (GGOs), indicating areas of misty
pulmonary opacity with preserved parenchymal architecture, crazy-
paving pattern, reticular pattern, lung consolidations, and pleural
abnormalities such as thickening and effusion. CT scans can also detect
airway disorders, including bronchiectasis, bronchial wall thickening,
air bronchogram, and lymphadenopathy [14,15].

CXR is one of the essential, noninvasive clinical tools that can serve
as an alternative screening method for detecting COVID-19. It can also
help confirm the diagnosis of various pulmonary disorders related to
COVID-19. Previous studies have demonstrated distinct visual findings
in CXR images of infected patients. For instance, non-intensive care
unit (ICU) patients typically exhibit multifocal, bilateral GGOs and
patchy reticular or reticulonodular opacities on CXR. Meanwhile, ICU
patients often present with dense pulmonary consolidations on CXR
[16].

LUS, or point-of-care ultrasound (POCUS), can also aid in
diagnosing pneumonia in patients with COVID-19. Significant LUS
imaging abnormalities associated with COVID-19 pneumonia include
dense or confluent B-lines, small multiple sub-pleural consolidations,
and pleural line disorders. Moreover, severe cases may show "white
lung" areas on the LUS characterized by confluent and melted B-lines
in the absence of A-lines [17].

Regarding the sensitivity of diagnostic imaging tools, a CT scan is
more sensitive than a CXR for early detection of COVID-19 [18] and
is also more accurate in measuring pleural effusion [19]. Meanwhile,
a CT scan has comparable accuracy to POCUS in detecting pleural
effusion, with specificity and sensitivity exceeding 93%. POCUS has
demonstrated high specificity and sensitivity in detecting various lung
abnormalities, such as pulmonary edema (with a specificity of 95%
and a sensitivity of 97%) [20,21]. However, both CT scans and CXRs
have multiple limitations, such as capacity and radiation exposure.
In contrast, POCUS is considered a bedside, safer, noninvasive, and
emerging tool for diagnosing pulmonary manifestations of COVID-19
[22,23]. Additionally, POCUS requires less use of personal protective
equipment and cleaning than CXRs and CT scans [22]. Furthermore,
POCUS may reduce in-hospital transfers, contamination of medical
devices, and healthcare provider exposure [24]. However, the use of
POCUS has been established recently, and most healthcare workers
have limited experience with its use. Additionally, the cost of ultrasound
machines varies widely from $2000 to $100,000, depending on the
modalities. Therefore, POCUS is most effective when used by qualified
practitioners [25]. This study aimed to assess the utility of POCUS in
diagnosing and prognosticating COVID-19 pneumonia in comparison
to that of CT scans or CXRs.

Materials and methods

This systematic review and meta-analysis involved a comprehensive
literature search of PubMed, Medline, Ovid, Scopus, Central, and
WHO COVID-19 research databases using the keywords "POCUS" and
"COVID-19" in the abstracts and titles. Two independent researchers
screened studies published from January 2020 to October 2022 based
on predefined inclusion and exclusion criteria. Any disagreement
between the two reviewers was resolved through consultation with
a third reviewer. Data from the selected studies were extracted and
summarized, and references were manually reviewed to identify
additional relevant studies.

2.1 Inclusion and exclusion criteria

All studies assessing the diagnostic and/or prognostic utility of
POCUS in COVID-19-related pneumonia, either as a standalone
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modality or in comparison to chest CT scans or CXRs, were considered
for inclusion. However, studies published in languages other than
English, narrative reviews, letters, conference abstracts, duplicate
studies, studies with insufficient data or findings, and studies with full
text unavailable were excluded.

2.2 Type of intervention and comparator

The intervention and comparator included lung POCUS versus
chest CT scans and CXRs.

2.3 Outcome measures

A scoping search was conducted, and multiple studies were
reviewed to investigate commonly reported outcomes. This was
performed during the design phase before the actual search. The
pooled proportion of primary outcomes, such as the sensitivity and
specificity of lung POCUS in diagnosing and predicting the prognosis
of COVID-19-related pneumonia, in comparison with the sensitivity
and specificity of reference tests like CT scans or CXRs, was selected.
The secondary outcome included chest findings of lung POCUS in
patients with COVID-19.

Screening and data extraction

The titles and abstracts of articles were initially screened by the
reviewers to determine eligibility. Eligible articles were reviewed in
detail for inclusion. The data were extracted using an Excel spreadsheet,
including (1) basic information such as the first author’s surname,
publication year, and sample size; (2) study objectives; (3) type of
intervention; (4) comparator; and (5) study outcomes, including the
sensitivity and specificity of POCUS in COVID-19-related pneumonia,
the sensitivity and specificity of the comparator if available, and POCUS
findings if available.

2.4 Risk of bias assessment

The risk of bias and applicability were independently assessed by
two individuals using the Quality Assessment of Diagnostic Accuracy
Studies 2 (QUADAS-2) tool for the included studies [26]. QUADAS-2
consists of four domains for the risk of bias assessment (patient
selection, index test, reference standard, and flow and timing) and
three domains for the applicability assessment (patient selection, index
test, and reference standard). Each domain is rated as "low," "high,"
or "unclear" for the risk of bias or applicability concerns [26]. Any
disagreements were resolved through discussion or consultation with
a senior review author.

2.5 Statistical analysis

The analyses were conducted using the Meta and Mada packages in
R version 1.1.463 and Metadisc version 1.4. Pooled sensitivity (positive
percent agreement) and specificity (negative percent agreement) were
calculated to compare LUS in the diagnosis of COVID-19 with CT scans
or CXRs as the references. Heterogeneity was assessed using I? statistics
and Q tests. Additionally, the diagnostic odds ratio (DOR) and area
under the standard receiver operating curve were calculated, assuming
CT scans and CXRs as the reference standards. A random effects SROC
analysis was conducted to estimate the relationship between sensitivity
and specificity, considering the cutoff value (the threshold used to mark
a test as positive) and other sources of heterogeneity across settings.
In the SROC analysis, the log odds of sensitivity and 1-specificity
(false positive rate) were summed to calculate D, the log of the DOR,
and subtracted to calculate S, a proxy for the positivity criterion of
the diagnostic test. A linear regression model (D = a + bb) was then
estimated and weighted based on the inverse of the variance of D. The
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area under the curve and Q* values were calculated, along with their
respective standard errors. Q* represents the point of intersection on
the SROC curve where sensitivity and specificity are equal, indicating
overall diagnostic performance. The significance level for the meta-
analysis was set at 6 = 0.05.

Results

Since the onset of the COVID-19 outbreak, a total of 583 articles
have been published. Out of these, only 43 research studies involving
5,479 patients met the eligibility criteria and were included for analysis.

3.1 Overall sensitivity and specificity of POCUS in COVID-19

A total of 21 articles, comprising 2,664 patients, assessed the
overall sensitivity and specificity of POCUS findings in diagnosing and
predicting the prognosis of COVID-19 pneumonia, with or without
reference to CT scans or CXRs. Five studies only included confirmed
cases of COVID-19 pneumonia. The details of the included studies are
presented in Table 1.

3.2 The quality assessment and risk of bias of the included
studies on the overall sensitivity and specificity of POCUS in
COVID-19 pneumonia

The results of the risk of bias and applicability in the included
studies evaluating the overall sensitivity and specificity of POCUS
in COVID-19 pneumonia are presented in Table 2. In the patient
selection domain, 12 studies showed a high or unclear risk of bias, and
five studies had a high or unclear applicability concern. In the index
test domain, six studies exhibited a high or unclear risk of bias. In the
reference standard, 11 studies had a high or unclear risk of bias, and
three studies had a high or unclear applicability concern. In the flow
and timing domains, 18 studies had a high or unclear risk of bias.

A total of 24 articles, comprising 2,815 patients, were included in the
analysis to assess the utility of POCUS in diagnosing COVID-19-related
pneumonia. The detailed POCUS findings are presented in Table 3.

3.4 Sensitivity and specificity of POCUS in the diagnosis of
COVID-19-related interstitial pneumonia

The pooled sensitivity of POCUS was 85% (95% confidence interval
(CI): 83-87%, I* = 80.9%), and the specificity was 65% (95% CI: 62—
67%, 1> = 91.1%), as shown in Figures 1 and 2.

The DOR for POCUS in identifying COVID-19-related pneumonia
was 14.2 (95% CI: 7.86-25.66, I* = 76.4%; Figure 3), and the overall
pooled positive and negative likelihood ratios were 2.55 (95% CI: 1.92-
3.39, I* = 89.7%; Figure 4) and 0.22 (95% CI: 0.15-0.32, I* = 72.7%;
Figure 5), respectively. Finally, the area under the SROC curve was
0.8466 (Figure 6).

The values (sensitivity and 1-specificity) for each study are
represented with a circle, along with 95% confidence intervals for
sensitivity as vertical lines and 1-specificity as horizontal lines.

3.5 Comparison of sensitivity and specificity between
POCUS and CT scans in the diagnosis of COVID-19-related
pneumonia

In three studies, the combination of CT scan and POCUS for
pneumonia diagnosis showed LUS with a pooled sensitivity of 76%
(95% CI: 66%-84%), a pooled specificity of 55% (95% CI: 48%-62%),
and a pooled DOR of 8.66 (95% CI: 4.33-17.32). In comparison, CT
scans had a pooled sensitivity of 88% (95% CI: 78%-94%), a pooled
specificity of 83% (95% CI: 74%-89%), and a pooled DOR of 20.87
(95% CI: 8.64-50.44). Besides, a random bivariate diagnostic meta-
analysis between the two tools showed no significant difference in false
positive rates or sensitivities.

Table 1. Characteristics of the included studies regarding the overall sensitivity and specificity of point-of-care ultrasound (POCUS) in coronavirus disease 19 (COVID-19)-related

pneumonia
Results
Comparator POCUS Comparator
Author (s) Sample size/ population (CT scans / Positive Negative Positive Negative
CXRs) Sensitivity = Specificity | predictive | predictive | Sensitivity = Specificity | predictive = predictive
value value value value
Bianchi, et al. 2022 [27] | 360/suspected COVID-19 None 86% 71% 65% 89% - - - -
Lieveld, et al. 2022 [28] 70/confirmed COVID-19 None 87.50% 25% - - - - - -
Gutsche, et al. 2021 [29] | 101/suspected COVID-19 None 93.30% 55.70% 34.10% 97.10% - - - -
Bitar, et al. 2021 [30] 77/suspected COVID-19 None 96.90% - - - - - - -
Bock, et al. 2021 [31] 83/suspected COVID-19 None 91.7% 64.80% 30.60% 97.90% - - - -
Casella, et al. 2021 [32] | 190/confirmed COVID-19 None 89% 85% - - - - - -
Fonsi, et al. 2021 [33] 63/suspected COVID-19 CT scans 68% 79% 88% 52% 93% 90% 85% 95%
Gibbons, et al. 2021 [34] | 110/suspected COVID-19 CXRs 97.60% 33.30% 81.80% 81.80% 69.90% 44.40% 79.50% 32.40%
Hizal, et al. 2021 [35] 40/confirmed COVID-19 CXRs 83.33% 93.75% 90.90% 88.2 25% 93.75% 75% 62.50%
Pivetta, et al. 2021 [36] 228/suspected COVID-19 None 94.40% 95% 94.40% 95% - - - -
Rizzetto, et al. 2021 [37] | 219/confirmed COVID-19 None 75% 66% - - - - - -
Sorlini, et al. 2021 [38] | 384/suspected COVID-19 None 92% 64.90% 88.60% 73.30% - - - -
Speidel, et al. 2021 [39] 49/suspected COVID-19 None 91% 58% - - - - - -
Zanforlin, et al. 2021 [40] | 111/suspected COVID-19 None 90% 75% - - - - - -
Dini, et al. 2020 [41] 150/suspected COVID-19 None 79% 57% 76% 62% - - - -
Gil-Rodrigo, et al. 2020 [42] | 58/suspected COVID-19 None 92.60% 85.20% 75.80% 92% - - - -
Narinx, et al. 2020 [43] 93/suspected COVID-19 CT scans 93.30% 21.30% 19.20% 94.10% 80% 86.70% 54.50% 95.60%
Pare, et al. 2020 [44] 43/suspected COVID-19 CXRs 88.90% 56.3% - - 51.90% 75.00% - -
Schmid, et al. 2020 [45] | 135/suspected COVID-19 = CT scans 76.90% 77.10% - 89.20% 70.60% 72.70% - -
Tung-Chen ,et al. 2020 [46] | 51/confirmed COVID-19 None 100% 78.60% 92.50% 100% - - - -
Walsh, et al. 2020 [47] 49/suspected COVID-19 CXRs 100% 88% 92% 100% 25% 88% 75% 44%
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Table 2. The quality assessment and risk of bias of the included studies on the POCUS in COVID-19 pneumonia

Risk of bias Applicability concerns
PATIENT REFERENCE FLOW AND PATIENT REFERENCE
SELECTION INDEX TEST STANDARD TIMING SELECTION INDEX TEST STANDARD
Bianchi, et al. 2022 [27] Low Low Low High Low Low Low
Lieveld, et al. 2022 [28] High Low Low Low High Low Low
Gutsche, et al. 2021 [29] High Low Low High Low Low Low
Bitar, et al. 2021 [30] Unclear Low Low Unclear Low Low Low
Bock, et al.2021 [31] High Low Low High Low Low Low
Casella, et al. 2021 [32] High High Low High High Low Low
Fonsi,et al. 2021 [33] Low Low Low Unclear Low Low Low
Gibbons, et al. 2021 [34] Low Low Low Low Low Low Low
Hizal, et al. 2021 [35] High High High High High Low High
Pivetta, et al. 2021 [36] Low Low High High Low Low Low
Rizzetto et al. 2021 [37] Unclear Low Low High Unclear Low Low
Sorlini, et al. 2021 [38] Unclear Unclear Unclear High Low Low Low
Speidel, et al. 2021 [39] Low Unclear Unclear Unclear Low Low Unclear
Zanforlin, et al. 2021 [40] Unclear Unclear Unclear Unclear Low Low Low
Dini, et al. 2020 [41] Low Low Unclear Low Low Low Low
Gil-Rodrigo, et al. 2020 [42] Low Low Unclear Unclear Low Low Low
Narinx ,et al. 2020 [43] Unclear Low Unclear High Low Low Low
Pare et al. 2020 [44] Low Low Unclear Unclear Low Low Low
Schmid, et al. 2020 [45] Unclear Low Low High Low Low Low
Tung-Chen, et al. 2020 [46] High Low Unclear Unclear High Low Low
Walsh, et al. 2020 [47] Low Unclear Unclear High Low Low High
Table 3. Characteristics of the included studies regarding POCUS finding
Author(s)/ country ii::ﬂziil;z,e/ Intervention Outcome assessment Results
BT - o -
Blair, e al. 2022 [45] | 244 patients POCUS Examining the association between LUS characteristics and pAatlll:thSS :vvi;elggicetveg or f;317p§a1£e;ivse;nli?:sg cgrflls:r;g

disease severity among adults hospitalized with COVID-19. to those with less severe hospitalized illnesses.

- Evaluating the diagnostic accuracy of LUS compared to
CXRs in the diagnosis of COVID-19-related interstitial viral
pneumonia and its correlation with patient prognosis.

- Evaluating the effect of clinical features or clinical
characteristics on the accuracy of LUS diagnosis.

The common findings were B-lines, irregular pleural
lines, and small sub-pleural consolidations in 80.17%,
59.29%, and 55.32% of patients, respectively.

Caroselli, et al. 2022 [46] 479 patients LUS and CXRs

COVID-19 pneumonia lesions were located in the 2nd
area for 44.0% of patients, the 7th area for 35.7% of
patients, and the 8th area for 34.5% of patients.

Examining the potential of POCUS for the identification of lung

Guven, et al. 2022 [47] pathologies caused by COVID-19.

84 patients | CT scans and POCUS

The common findings were B-line interstitial pattern
(90%), irregular/interrupted/thick pleural line (88%),
compact B-lines (65%), small consolidations (<5 mm;
34%), and extensive consolidations (=5 mm; 37%).

Ibarra-Rios, et al. 2022
(48]

Assessing the usefulness of LUS in determining lung

LUS involvement in neonates with confirmed COVID-19.

38 patients

- The common results were B-lines (89%), consolidations
(56%), pleural thickening (47%), and pleural effusion
(11%).

- Bilateral consolidation (50%), anterior consolidation
(47%), lateral consolidation (71%), pleural effusions
(69%), and pleural thickening (69%) were found in
clinically deteriorating patients.

Assessing LUS findings in patients admitted to hospitals with

LUS COVID-109, stratified by time, location, and illness severity.

Kumar, et al. 2022 [49] |22 patients

- Assessing the association between early pulmonary POCUS
findings and clinical outcomes, such as the need for supplemental
oxygen or intensive care admission.

- Assessing the predictive role of findings for future clinical
outcomes in the hospital course or post-discharge.

B-lines (94%) and consolidations (70%) were more

Kumar, et al. 2022 [50] common among critically ill patients.

160 patients |[POCUS

Omer, et al. 2022 [51]

39 patients

POCUS

Assessing the correlation between POCUS findings among
patients with COVID-19 in the emergency department and vital
signs or laboratory abnormalities.

Both the percentage of intercostal spaces with B-lines
and the percentage of merging B-lines were associated
with decreased oxygen saturation.

[52]

Tung-Chen, et al. 2022

32 patients

CT scans and LUS

Investigating the impact and accuracy of different LUS protocols
and correlating them with the pulmonary inflammation index of
the chest CT scans in patients with confirmed COVID-19.

The common finding was subpleural or lobar
consolidations (40.8%) in the posteroinferior areas.

Alharthy, et al. 2021 [53]

89 patients

POCUS

Analyzing lung US findings in critically ill patients with severe
COVID-19.

The common findings were bilateral irregular pleural
lines (78.6%), accompanying confluent and separate
B-lines (100%), variable consolidations (61.7%),
and pleural and cardiac effusions (22.4% and 13.4%,
respectively).
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Sample size/

[62]

96 patients

and inferior vena cava
exams

- Correlating these parameters with the physical exam, laboratory
markers, and chest X-rays.

Author(s)/ country . Intervention Outcome assessment Results
population
Bellieund. e al. 2021 - Correlating POCUS findings with the severity of the illness.| The common results were B-line and pleural
[54] gund, ’ 43 patients | POCUS - Assessing 30-day outcomes in critically ill patients with|irregularities associated with right ventricle dilation and
COVID-19. lower PaO2/FiO2.
. . . . . The common findings were pleural thickening (95.4%),
Chardoli, ef al. 2021 [55] |25 patients  POCUS f:j;i;ffn ;}:j fﬂg 3;51 ﬁziaffﬁgsazfenﬁzigﬁ (‘;“gs,hlj‘)mfgl B-lines (90.8%), subpleural consolidation (86.2%),
P tymp " consolidation (46.8%), and effusions (19.3%).
The most common LUS findings of COVID-19-related
Exploring the value of bedside LUS as an alternative to CT pneumora n Pregnant women were various grades
. . . o . . of multiple B-lines (84.6%), thickened and irregular
Deng, et al. 2021 [56] 39 patients | Bedside LUS scans for detecting and monitoring lung involvement in pregnant X .
X pleural lines (71.8%), pleural effusion (61.5%), and
women with COVID-19. . AT
small multifocal consolidation limited to the subpleural
space (35.9%).
- B-lines (100%), pleural irregularities (25%),
S o . o
. High-resolution ~ CT Investigating the role of LUS in diagnosing and monitoring consohda.t lon (25%), anq Pleural effusion (25%). .
Du, et al. 2021 [57] 8 patients ) - Interstitial abnormalities, ground-glass opacities,
scans and LUS COVID-19-related pneumonia. 1 . .
consolidations, and local or bilateral patchy shadowing
were the main findings of the high-resolution CT scans.
Various forms of B-lines (96.9%), lung consolidation,
. Investigating the usefulness of bedside LUS in patients with mainly located in the posterior lung region (83.3%),
Kong, et al. 2021 [58] 96 patients  LUS severe and critical COVID-19-associated lung injury. pleural line abnormalities (25.0%), and pleural effusion
(16.7%).
. Examining the association between POCUS findings and clinical| The most prevalent findings were B-lines (90%) and
Kumar, et al. 2021 [59] 99 patients  LUS outcomes among patients with COVID-19. subpleural consolidations (62%).
- More than 2 B-lines, coalescent B-lines, and subpleural
consolidations were present in 73.3%, 68.2%, and 24.4%
- . . of cases, respectively.
- Describing the findings from LUS and CT scans in health Lo .
Lopes, et al. 2021 [60] 45 patients | LUS and CT scans professionals with COVID-19-related pneumonia. - Patients with mmore than 2 B-lines on LUS had mmore
- Evaluating the associations between the findings of both tests ground-glass opacity areas on CT scans, and patients
& = " 'with subpleural consolidations on LUS had more
consolidations on CT scans. Patients with higher LUS
acration scores had more extensive disease on CT scans.
Common LUS findings were pleural line irregularity
. o y o .
Illustrating the LUS findings in patients with COVID-19 or shrefidmg (70%), B proﬁleA (39%), pleural line
. . . Lo - . . thickening (33%), occasional B-lines (26%), subpleural
Sahu, et al. 2021 [61] 106 patients | LUS prospectively and investigating its association with disease S L
severi consolidations (35%), deep consolidations (6%), spared
R4 areas (13%), confluent B-lines or waterfall sign (14%),
and pleural effusion (9%).
-Most patients presented with an interstitial lung pattern
and an irregular pleura (92.3%).
Assessing the diagnostic accuracy of POCUS for COVID-|-Bilateral lung involvement was found in 85.7% of
Sorlini, ef al. 2021 [38] |384 patients  POCUS 19-related pneumonia in symptomatic patients admitted to an|cases.
emergency department. -Lung consolidations were detected in one-third of
patients (39.4%).
-Pleural effusion was uncommon among patients (8.4%).
POCUS, focused - Determining the impact of POCUS on the prognosis of patients
Tung-Chen, et al. 2021 cardiac  ultrasound, | with highly suspected or confirmed COVID-19. Irregular pleural line (63.2%), a bilateral confluence

(55.2%), and isolated B-lines (53.1%).

[63]

Yasukawa, et al. 2021

105 patients

POCUS

Assessing LUS findings and their prognostic value in ICU
patients with COVID-19 in relation to the need for intensive
respiratory support, length of hospital stay, and death.

The common findings were confluent B-lines (92%),
non-homogenous pleural lines (78%), and consolidations
(54%).

- Investigating LUS findings and their associated frequencies in
patients with COVID-19.
- Determining the relationship between LUS findings and the

The common findings were B-lines (100%),

[67]

- Assessing the correlation of POCUS findings with vital signs,
laboratory findings, CXRs, therapeutic decisions, and prognosis.

. o o . .
Zhang, et al. 2021 [64] |28 patients | LUS and CT scans duration of COVID-19 symptoms. ::g(r)ls;:;u)iatlon (67.9%), and a thickened pleural line
- Evaluating the possibility of using LUS to assess the severity o)
of COVID-19.
-Exploring the imaging features of COVID-19-related
. . pneumonia by POCUS and CXRs. The POCUS findings detected pleural and lung changes
Bhandari, ef al. 2020 [65] 52 patients  POCUS and CXRs - Assessing the correlation of the diagnostic methods with in 94% of cases with COVID-19-positive pneumonia.
clinical manifestations and severity of the disease.
- Evaluating the ultrasound signs of COVID-19-related| About 72.6% of participants had B-lines > 2, 36.2%
Mafort, et al. 2020 [66] 409 patients | LUS and RT-PCR pneumonia in symptomatic healthcare professionals. had coalescent B-lines, and 8.06% had subpleural
- Correlating those changes with clinical findings. consolidations.
Tune-Chen. ef al. 2020 a&iﬁ?g;“:;ﬂig;;?igj I]i;}dl;lﬁ;g;tp atients with COVID-19 Irregular pleural lines (63.2%), bilateral confluent lines
& ? : 96 patients | POCUS sency ep . (55.2%), and isolated B-lines (53.1%) were the most

common findings in lung POCUS.

Note: LUS: Lung ultrasound; CXRs: Chest X-rays; CT: Computed tomography; POCUS: Point-of-care ultrasound; RT-PCR: Real time polymerase chain reaction

Trauma Emerg Care, 2026

doi: 10.15761/TEC.1000236

Volume 11: 5-16



Muhammad Nauman Q_(2026) Does lung point-of-care ultrasound help in the diagnosis and prognosis prediction of coronavirus disease 2019-related pneumonia?

A systematic review and meta-analysis

The estimates are not separated, and the confidence regions overlap.

3.6 Comparison of sensitivity and specificity between POCUS
and CXRs in the diagnosis of COVID-19-related pneumonia

In four studies, a random bivariate diagnostic meta-analysis between
CXRs and POCUS for pneumonia diagnosis revealed a significant
z-value for the regression coefficient for sensitivity, indicating that LUS
offers better sensitivity. The coefficient for the difference in sensitivity
for CXRs was negative, suggesting higher sensitivity for LUS and lower
sensitivity for CXRs. Interestingly, the point estimate for the false
positive rate did not show any significant effect.

The estimates are separated, and the confidence regions do not
overlap. These findings suggest that POCUS is a more reliable diagnostic
tool for detecting COVID-19-related interstitial pneumonia than chest
X-ray imaging (Figures 7-19).

3.7 Publication bias

After applying the linear regression test for funnel plot asymmetry,
no evidence of publication bias was found (p = 0.9024; Figure 18).

Discussion

During the COVID-19 pandemic, several studies have assessed the
utility of POCUS as a diagnostic tool for detecting COVID-19-related
pneumonia [23,68,69]. In addition, a previous systematic review and
meta-analysis have compared POCUS examinations with chest CT
scans for identifying COVID-19 cases [70]. Nevertheless, comparative
data on the sensitivity and specificity of POCUS versus CXRs in
predicting the prognosis of COVID-19 are lacking. Our study aimed
to assess the performance accuracy of POCUS in early identification
and prognosis prediction of COVID-19-related pneumonia without
considering comparator differences.

In our subgroup analysis comparing the sensitivity and specificity
of POCUS to chest CT scans [33,43,45], our findings (POCUS
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Figure 1. Summary of the included studies
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Figure 2. Pooled sensitivities of lung ultrasound for the diagnosis of COVID-19-related interstitial pneumonia
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Figure 4. Pooled diagnostic odds ratios of ultrasound in diagnosing COVID-19-related interstitial pneumonia
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Figure 9. Pooled sensitivities and specificities of LUS for the diagnosis of COVID-19-related interstitial pneumonia in three studies

TP/ TP+FHN) TH/NTN+FP

‘! '.. Giovanni Battista Fonsi 202 41/44 17189
= MNick Narinx 2020 12/15 85/TS
] Bonaventura Schmid 2020 13/16 8/15
i
[ o
Pooled Sensitivity = 0.88 (0.78 to 0.94)
Chi-square = 2.68; df= 2 (p = 0.2618)
(8] 0.2 0.4 0.8 0.8 1 Inconsistency (l-sgquare) = 25.4 %
Sensitivity
: i TPHNTP+FN) THN/NTN+FP
Glovanni Battista Fonsi 202 41/44 1719
i — ~ Mick MNarinx 2020 12/156 85/75
—_———»———————— [ Bonaventura Schmid 2020 13/16 B/15
i i
i i
L ,‘. 1 1 =
Pooled Specificity = 0.83 (0.74 to 0.B9)
Chi-square = B.44; df = 2 {(p = 0.0147)
o 0.2 0.4 0.6 0.8 1 Inconsistency (l-square) = 76.3 %
Specificity

Figure 10. Pooled sensitivities and specificities of computed tomography scans for the diagnosis of COVID-19-related interstitial pneumonia in three studies
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Figure 15. Pooled sensitivities and specificities of X-rays for the diagnosis of COVID-19-related interstitial pneumonia caused in four studies
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Figure 16. Pooled DORs of POCUS for the diagnosis of COVID-19-related interstitial pneumonia in four studies
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Figure 17. Pooled DORs of X-rays for the diagnosis of COVID-19-related interstitial pneumonia in four studies
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sensitivity of 85%, specificity of 65%, and DOR of 14.2) were consistent
with those reported by Haak, et al. [71], who found a sensitivity of 89%
and a specificity of 59% for POCUS in diagnosing COVID-19-related
pneumonia compared to chest CT scans. Conversely, another meta-
analysis reported a higher specificity of 93% for pneumonia diagnosis
[]. In addition, CT scans showed a higher sensitivity (91.9%) but lower
specificity (25.1%) for pneumonia diagnosis [72,73].

In a comparative study between POCUS and CT scans, POCUS
demonstrated acceptable diagnostic performance and a high positive
predictive value [33], while CT scans showed higher sensitivity and
specificity scores [33]. This aligns with the findings of our sub-pooled
analysis which combined both tests for diagnosing pneumonia (1 = 3).
The pooled sensitivity, specificity, and DOR of CT scans were higher
than those of POCUS. Specifically, POCUS had a pooled sensitivity of
76%, a pooled specificity of 55%, and a pooled DOR of 8.66, whereas
CT scans had a pooled sensitivity of 88%, a pooled specificity of 83%,
and a pooled DOR of 20.87. On the contrary, another study reported
that POCUS exhibited higher sensitivity than CT scans.

POCUS has been reported to be safe and rapid, but its relatively
lower specificity suggests the need for a confirmatory test such as RT-
PCR or CT scans. The study also highlighted the excellent sensitivity,
specificity, and accuracy of CT scans in diagnosing COVID-19-related
pneumonia [43]. Another study by Schmid, et al. [45] reported that
POCUS has lower specificity and sensitivity compared to CT scans, but
it remains a viable option for diagnosing COVID-19.

A previous meta-analysis comparing POCUS results with those of
CT scans revealed a pooled overall percent agreement of 81%, a positive
percent agreement of 96%, a negative percent agreement of 80%, a DOR
of 37.4, and an area under the SROC curve of 0.94 for POCUS [72].
Our systematic review demonstrated an excellent sensitivity of POCUS
compared to CXRs [34,35,44,47]. In one study, POCUS showed a
sensitivity of 97.6%, compared to 69.9% for CXRs. Meanwhile, both
POCUS and CXRs showed poor specificities of 33.3% and 44.4%,
respectively, attributed to their inability to detect the coronavirus
itself. However, the study suggests that POCUS is feasible for the initial
diagnosis of COVID, along with the rapid test for confirmation [34].

In addition, Pare, et al. [44] demonstrated a higher sensitivity
(88.9%) for POCUS in detecting COVID-19-related pulmonary
findings than CXRs (51.9%). The study attributed the lower sensitivity
of CXRs to factors such as body mass index [44]. Another study
focusing on children revealed a higher rate of false negative results with
CXRs (75%), compared to POCUS (16.7%) [35].

Furthermore, 24 of the studies included in our analysis focused
on the use of POCUS in detecting and monitoring COVID-19 cases
[38,48-70]. The clinical presentations of COVID-19 varied across the
studies, with common POCUS findings including B-lines, irregular
pleural lines, and consolidations of varying sizes [38,48-70]. Pleural
effusions and thickening were commonly observed in severe and
clinically deteriorating cases [52]. One study reported a direct correlation
between the number of B-lines detected by POCUS and the GGO areas
seen on CT scans [63]. These findings align with a previous systematic
review indicating that B-lines and pleural abnormalities are the most
frequent ultrasound findings of COVID-19 [74]. On the contrary, a study
reported pleural effusion as an uncommon finding [38], and another
study reported A-lines in 14.7% of ICU patients [48]. Omer, et al. [54]
reported that the percentage of merging B-lines was associated with low
oxygen saturation levels, which is consistent with a previous study linking
the number of B-lines to decreased oxygen saturation levels; for each
additional B-line detected, oxygen saturation decreased by 0.24% [75].

Trauma Emerg Care, 2026 doi: 10.15761/TEC.1000236

While POCUS can be a valuable tool in diagnosing COVID-19, it
also has limitations. Adequate experience with an ultrasound machine
is essential for the operator to acquire clinically useful images [76].
Patients with a high body mass index or in a compromised state
may impede the operator’s ability to obtain clear visuals. Moreover,
interpreting POCUS images can be challenging, potentially resulting in
missed findings or necessitating further investigations with alternative
imaging techniques [74].

In conclusion, the use of POCUS has been evaluated in several
studies as a diagnostic tool for identifying COVID-19-related
pneumonia. While some studies have compared POCUS with other
imaging techniques such as CXRs and CT scans, the results remain
inconclusive due to the heterogeneity and limited number of included
studies. Overall, POCUS has demonstrated high sensitivity in detecting
pulmonary manifestations of COVID-19, but its specificity may be
lower than that of other imaging techniques. POCUS could be valuable
for initially diagnosing COVID-19-related pneumonia, particularly
when used in conjunction with CT scans and CXRs. Further research
with larger study numbers is necessary to comprehensively evaluate its
diagnostic accuracy and limitations.

Conclusion

POCUS is sensitive in detecting COVID-19-related pulmonary
manifestations, but its specificity is lower than other imaging
techniques. It can help diagnose COVID-19-related pneumonia when
used alongside CT scans and CXRs, but further research with larger
study numbers is necessary to comprehensively evaluate its accuracy
and limitations
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