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Abstract: It has been validated beyond doubt that High-Resolution Computed Tomography (HRCT)
chest and to some extent chest radiographs have a role in corona virus disease-19 (COVID-19).
Much less is known about the role of lung ultrasonography (LUS) in COVID-19. In this paper, our
main purpose was to gauge the relationship between LUS and chest HRCT in reverse transcriptase
polymerase chain reaction (RT–PCR) documented cases of COVID-19, as well as in those with high
suspicion of COVID-19 with negative RT–PCR. It was a prospective study carried out at our tertiary
care hospital, namely, SKIMS Soura. The total number of patients in this study were 152 (200 patients
were selected out of which only 152 had undergone both LUS and chest HRCT). The patients were
subjected to both LUS and chest HRCT. The radiologist who performed LUS was blinded to clinical
findings and HRCT was evaluated by a radiologist with about a decade of experience. The LUS
findings compatible with the disease were subpleural consolidations, B-lines and irregular pleural
lines. Findings that were compatible with COVID-19 on chest HRCT were bibasilar, subpleural
predominant ground glass opacities, crazy paving and consolidations. COVID-19-positive patients
were taken up for chest HRCT for disease severity stratification and were also subjected to LUS. On
HRCT chest, the imaging abnormalities compatible with COVID-19 were evident in 110 individuals
(72.37%), and on Lung Ultrasound they were observed in 120 individuals (78.95%). Imaging of
COVID-19 patients assessed by both LUS and HRCT chest„ showed a positive correlation (p < 0.0001).
The study revealed a sensitivity of 88%, a specificity of 76.62%, a positive predictive value of 78.57%
and a negative predictive value of 86.76%. None of the individuals with a diagnosis of COVID-19
on HRCT were missed on LUS. An excellent correlation was derived between the LUS score and CT
total severity score (p < 0.0001 with a kappa of 0.431). Similar precision compared with chest HRCT
in the detection of chest flaws in COVID-19 patients was obtained on LUS.

Keywords: lung ultrasonography; RT–PCR; COVID-19; disease; diagnosis; HRCT

1. Introduction

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the agent
that causes coronavirus disease 2019 (COVID-19). The illness began in Wuhan, China in
December 2019 and quickly spread to the rest of the world. Being highly infectious, it
spread to more than 180 nations, prompting the World Health Organization to proclaim
it as a pandemic on 11 March 2020 [1]. Until now 662,445, 150 confirmed cases and
6,704,827 fatalities have occurred since the onset of the pandemic. The need of the hour
was fast confirmation and characterization of suspected cases since emergency departments

Diagnostics 2023, 13, 2091. https://doi.org/10.3390/diagnostics13122091 https://www.mdpi.com/journal/diagnostics

https://doi.org/10.3390/diagnostics13122091
https://doi.org/10.3390/diagnostics13122091
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com
https://orcid.org/0000-0002-7686-0010
https://doi.org/10.3390/diagnostics13122091
https://www.mdpi.com/journal/diagnostics
https://www.mdpi.com/article/10.3390/diagnostics13122091?type=check_update&version=1


Diagnostics 2023, 13, 2091 2 of 12

(EDs) were already dealing with an enormous inflow of patients and scarce medical facilities.
Reverse Transcriptase Polymerase Chain Reaction (RT–PCR) of the SARS-CoV-2 nucleic
acid is the primary diagnostic approach; nevertheless, it has several drawbacks, including
limited sensitivity and technical challenges in the test’s execution [2]. Chest radiography
was used early at the start of the disease. The most characteristic radiographic appearance,
despite its limited sensitivity (missing in more than 40% of patients), is the presence
of patchy/diffuse infiltrates on the chest radiograph. Peripheral ground glass opacities
affecting the lower lobes is the most frequent finding on chest x-rays for COVID-19 patients,
accounting for nearly half of all aberrant findings. Regarding the use of radiography
in the evaluation of COVID-19 patients, little is known. Radiographs were examined
to determine the presence of pleural effusion, reticulations, nodular consolidations and
ground glass opacities.

The radiographic assessment of lung edema (RALE) score, developed by Warren et al.,
was used to determine the severity score. Ground glass consolidation or opacity was
graded on a scale of 0 to 4 (0 = no involvement, 1 = less than 25%, 2 = 25–50%, 3 = 50–75%,
and 4 = more than 75%). Total score was calculated as the sum of all scores. The most
frequent radiographic findings were consolidations and ground glass opacities [3]. Since
the pandemic began, it has been proven beyond doubt that High-Resolution Computed
Tomography (HRCT) scan is the primary imaging test because of its increased sensitivity to
depict ground glass opacities (GGO’s) [4]. Patients with COVID-19 frequently have bilateral
lung field development, multilobar and peripheral lung involvement, and a prevalence
of posterior lung involvement. Ground-glass opacities, crazy paving, interlobular septal
thickening, bronchiectasis and halo sign are examples of frequently seen radiological
findings. Less often occurring ones include mediastinal adenopathy, pleural effusion and
pericardial effusion. Even vascular tissues were not immune to this sickness [5]. Radiation
exposure, excessive use of medical resources, or difficulties in obtaining a CT scan appear
to outweigh the necessity for treatment for minor illnesses [6]. Radiation safety continues
to be the top concern for everyone in the medical field, including patients, physicians and
other staff members. Radiology, radiation oncology, interventional cardiology and surgical
professionals are among the departments at risk. The biggest radiation dose currently
received by medical professionals comes through fluoroscopy, with diagnostic radiology
making up the smallest portion of the total radiation exposure. Any radiation dose, whether
it comes from a patient or a worker, is dangerous [7]. Although the level of monitoring
for each patient admitted to the ICU ought to be consistent, it might vary. Perhaps all that
is needed for hemodynamically stable patients is continuous electrocardiographic (ECG)
monitoring, routine non-invasive blood pressure checks, and peripheral pulse oximetry
(peripheral oxygen saturation or SpO2). For continual invasive blood pressure monitoring
and routine study of arterial blood gases in patients who are unstable or at risk of becoming
unstable, an arterial line should be inserted. Additionally, in critically sick patients, it
may not be possible to subject them to chest HRCT as their hemodynamic instability may
preclude it. Thus, alternative imaging modalities which can be performed within critical
care settings will be highly useful [8]. Ultrasonography (USG) machines, which are widely
available, can be used in such settings to carry out LUS. Moreover, LUS can be accomplished
very quickly [9]. We are well aware of the usefulness of LUS to diagnose lung pathologies,
however, its usefulness in COVID-19 patients is very limited and only a few studies and
case reports are available as of now [10]. The LUS findings which are highly indicative
of COVID-19 are the presence of subpleural consolidations, an irregular pleural line and
B-lines [11]. There is no doubt about the usefulness of chest HRCT in COVID-19 patients,
however, the role of LUS in COVID-19 has not been fully validated [12].

2. Materials and Methods
2.1. Initial Patient Assessment

The selected patients were evaluated and data in the form of medical history (symp-
tomatology, demographic data and presence or absence of comorbidities), physical exam
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(oxygen saturation and respiration rate), and laboratory evaluation (complete hemogram,
baseline investigations, CRP, ferritin, INR were performed). Chest HRCT scans were ac-
quired using a 64-slice multidetector CT (SOMATOM, Siemens Health liners). Scans were
obtained with patients in a supine position and at the end inspiration. The following
parameters were used to acquire and reconstruct image data: 1 mm section thickness,
0.6-mm recon interval, 120 kVp. In younger patients and lean adult ones, a low-dose CT
protocol was used (100 kVp). The review was carried out by an experienced radiologist
(with about a decade of experience) who was blinded to clinical findings. The lung lobes
were scored as 0, 1, 2, 3 and 4 for disease involvement as nil (0%), minimal (1–25%), mild
(26–50%), moderate (51–75%) and severe (76–100%), respectively. The sum of five lobe
scores was summed to obtain a final CT Severity Score (CTSS) (range: 0–20).

Chest HRCT scans were assessed for the existence and dissemination of ground-
glass opacities (GGO’s) which are taken as areas of haziness inadequate to obscure the
underlying vascular markings, septal thickening (intra or interlobular), crazy paving,
consolidations and other atypical findings favoring COVID-19. The presence of many lobar
or patchy ground glass opacities, with or without thickening of the interlobular septae
(crazy paving), consolidations, and preponderance of the subpleural and bibasilar tissues,
is highly symptomatic of COVID-19 disease (Figure 1).
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Figure 1. (A) Depicts severe COVID-19 pneumonia in a patient in form of consolidations. (B) Shows
few patches of nodular consolidations in a patient with moderate disease. (C) Demonstrates combined
ground glass opacities and consolidations in a patient with severe COVID-19 illness. (D) Axial chest
image bespeaks bilateral effusions. (E) Ground glass opacities indicated by axial chest cuts.
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Three patterns of lung involvement are seen (i) Patchy or diffuse GGO’s; (ii) Inhomo-
geneously distributed collapse and peribronchial opacities; (iii) ARDS -like pattern. Chest
radiographs, if available were also assessed and data was collected.

2.2. Ultrasound Data Collection

An experienced sonologist who had knowledge of performing and elucidating LUS
performed all the examinations. The LUS exam was carried out in accordance with a 12-zone
protocol. Careful evaluation was done to look for pleural effusions, confluent B-lines (CBL),
isolated B-lines (IBL), irregular pleural line (IPL) and consolidations (Figures 2 and 3). Both
halves of the chest were scanned on their anterior, lateral and posterior aspects. These
12 zones were evaluated for the isolated B-lines (1 point), confluent B-lines (2 points) and
consolidations or pleural effusion (3 points) with score range from (0–3). By summing the
scores of all 12 zones the total lung score was achieved (range of possible scores: 0–36).
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Figure 2. Imaging spectrum of COVID-19 patients on LUS. (A) Shows thickened pleura with small
pleural effusion. (B) Depicts thickened irregular pleural line. (C) Demonstrates confluent B-lines.
(D) Reveals isolated as well as confluent B-lines. (E) Displays thickened irregular pleural line with
confluent B-lines. (F) Denotes isolated B-lines.
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Figure 3. Depicting findings of LUS on right side (above and below) as effusion with irregular pleural
line and isolated B-lines and finally small effusion with isolated B-lines as well as confluent B-lines.
Image on the left side depicts same patient with HRCT findings of consolidations as well ground
glass opacities and pleural effusion.

Pattern of B-lines, either solitary and/or confluent, an uneven pleural line, and sub-
pleural consolidations are all regarded as imaging signs of a compatible LUS exam. LUS
examinations were performed using a GE Logic p5 USG machine, using a curvilinear array
transducer and lung/cardiac pre-set. The sonologist performing the scan was blinded to
all clinical details and HRCT findings.

2.3. Outcome Measures and Definitions

The primary goal of our study was to determine whether there was a relationship
between sonographic evaluation of lung and high-resolution chest CT in COVID-19 patients
and how well it could diagnose illness in these patients. A positive RT–PCR test and
clinically dubious but negative RT–PCR were considered as cases of COVID-19.

2.4. Statistical Analysis

The presentation of the categorical variables was performed in the form of number
and percentage (%). On the other hand, the quantitative data with normal distribution
were presented as the means ± SD and the data with non-normal distribution as median
with 25th and 75th percentiles (interquartile range). The data normality was checked by
using the Kolmogorov–Smirnov test. In the cases in which the data were not normal,
we used non parametric tests. The following statistical tests were applied for the results:
The comparison of the variables which were quantitative and not normally distributed in
nature were analyzed using the Kruskal–Wallis test and variables which were quantitative
and normally distributed in nature were analyzed using ANOVA. The comparison of the
variables which were qualitative in nature were analyzed using Fisher’s exact test as at
least one cell had an expected value of less than 5. Inter-rater kappa agreement was used to
assess strength of agreement between lung ultrasonography and computed tomography.
Sensitivity, specificity, positive predictive value and negative predictive value of lung
ultrasonography was calculated for predicting severity after taking computed tomography
as the gold standard. The data entry was done in a Microsoft EXCEL spreadsheet and
the final analysis was done with the use of Statistical Package for Social Sciences (SPSS)
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software, IBM manufacturer, Chicago, IL, USA, ver 25.0. For statistical significance, p value
of less than 0.05 was considered statistically significant.

2.5. Aim

The primary objective of this study was to define the role of LUS in COVID-19 patients.
This was a prospective study which was carried out in SKIMS, Soura. IEC committee
approval was obtained. Each enrolled patient was informed prior to inclusion in the study
and proper consent was taken. All those patients who had positive RT–PCR and those with
clinically high suspicion of COVID-19 illness, and in whom RT–PCR couldn’t detect illness,
and were subjected to chest HRCT for evaluation, were included in the study. The main
indication for subjecting patients to chest HRCT was a high chance of COVID-19 illness
and negative RT–PCR. We excluded patients who refused to undergo chest HRCT and who
were <18 yrs.

3. Results

In our study, we had 152 patients (200 patients selected, however only 152 patients had
both LUS and HRCT scans). The study was carried out from March to July 2021 (Table 1).

Table 1. Distribution of demographic and baseline characteristics of study.
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Demographic and Baseline Characteristics

Age (years) Frequency Percentage

<=20 years 01 0.66%

21–40 years 26 17.11%

41–60 years 86 56.58%

61–80 years 37 24.34%

>80 years 02 01.32%

Mean ± SD 52.9 ± 13.7

Median (25th–75th percentile) 50 (45–61.25)

Range 18–88

Gender

Female 54 35.53%

Male 98 64.47%

Diabetics 37 24.34%
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Among these patients admitted to the ICU, six passed away (3.9%). Approximately
more than half of these patients (84 patients, 55.2%) had a chest radiograph, of which 43%
were negative (Table 2). The most common imaging sign was (ground glass opacities)
GGO’s as were seen in 110 patients (72.3%), followed by thickened inter and intralobular
septae in 53 patients (34.9%), (Table 2). Only central involvement of lung parenchyma
was seen in six patients (3.95%), amongst which four patients had cardiac failure and two
patients had viral/infectious bronchiolitis.

Table 2. Imaging modality distribution and affected zone distribution.

Imaging Modality n (%)

Chest Computed Tomography (n = 152)

COVID-19 suggestive 110 (72.37)

Pleural thickening 3 (1.97)

Ground-glass opacity 110 (72.37)

Septal thickening 53 (34.87)

Crazy paving 30 (19.74)

Subpleural consolidation 30 (19.74)

Pleural effusion 36 (23.68)

COVID-19 phenotypes (n = 110)

Phenotype 1 52 (47.27)

Phenotype 2 25 (22.73)

Phenotype 3 2 (1.82)

Distribution (n = 152)

Peripheral 69 (45.39)

Diffuse 21 (13.82)

Central and peripheral 21 (13.82)

Central 6 (3.95)

Normal 36 (23.68)

CT total severity score (Mean ± SD) 11.63 ± 4.06

Mild 77 (50.66)

Moderate 68 (44.74)

Severe 7 (4.61)

CT pulmonary angiogram (n = 152) 63 (41.45)

Pulmonary embolism 21 (13.82)

Lung ultrasonography (n = 152)

COVID-19 suggestive 120 (78.95)

Right pleural effusion 24 (15.79)

Left pleural effusion 21 (13.82)

Pericardial effusion 39 (25.66)

Lung score, (Mean ± SD) 11.6 ± 4.3

Chest X-ray results, n = 84

COVID-19 suggestive 48 (57.14)

Ground-glass opacity 36 (42.86)

Interstitial pattern 39 (46.43)
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Table 2. Cont.

Imaging Modality n (%)

Affected Zone IP/IBL CBL C

1 (right upper anterior) 27 12 24

2 (right lower anterior) 36 27 9

3 (right upper lateral) 30 30 12

4 (right lower lateral) 42 30 9

5 (left upper anterior) 33 12 18

6 (left lower anterior) 27 12 15

7 (left upper lateral) 24 24 18

8 (left lower lateral) 39 27 6

9 (right upper posterior) 24 18 27

10 (right lower posterior) 39 15 57

11 (left upper posterior) 21 15 18

12 (left lower posterior) 39 15 54

Subpleural consolidations involving the posterior lower lobes was the common imag-
ing finding depicted by LUS (Table 2). Mean lung ultrasonography (LUS) score in our study
was 11.60 (SD = 4.3) and computed tomographic severity score (CTSS) was 11.63 (SD = 4.06).
When compared to CTSS, the LUS score corresponded well, (CI = 95%, p < 0.0001). The
severity of the lesions demonstrated by LUS and CTSS are described in (Table 3).

Table 3. Inter-kappa agreement between LUS and CTSS.

LUS
CTSS

Total Kappa p-ValueMild
0–11

Moderate
12–18

Severe
>18

Mild 59 07 02 68

Moderate 12 37 02 51 0.431 <0.0001

Severe 06 24 03 33

Total 77 68 07 152

Age, LUS and CTSS did not have any statistical significance (p-value 0.468). On
computed tomographic (CT) scans, 110 patients (or 72.3%) and on LUS 120 patients (or
78.9%) had radiologic indications that were indicative of, or very consistent with, COVID-19
(Table 2). Data analysis revealed that our study has a sensitivity of 88%, a specificity of
76.62%, a positive predictive value of 78.57%, and a negative predictive value of 86.76%,
all patients with abnormal findings on CT were properly identified with LUS (CI > 95%,
p < 0.0001). The diagnostic accuracy was 82.24% (Table 4).

To test if chest X-ray, LUS and chest CT scans detected COVID-19 aberrant lung ab-
normalities, Cohen’s k was used. Chest CT and LUS showed excellent agreement (k = 0.43,
p < 0.0001). Chest radiography findings and CT scan results did not statistically substan-
tially agree. Chest X-ray findings were only sporadically linked with LUS results. Only two
patients exhibited phenotype 3 (1.82%), the majority of patients had chest CT phenotypes 1
(n = 52, 47.27%) and 2 (n = 25, 22.73%). Despite the fact that 120 patients showed LUS re-
sults that were consistent with COVID-19, 6 patients had infectious bronchiolitis, and none
had metastatic lung illness. As a result, in our sample, there was no error in diagnosing
COVID-19 using LUS as opposed to CT.
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Table 4. Depicting Sensitivity, Specificity, PPV, NPV, AUC, and Diagnostic accuracy.

Computed Tomography Lung Ultrasonography

Sensitivity (95% CI) 88% (78.44% to 94.36%)

Specificity (95% CI) 76.62% (65.59% to 85.52%)

AUC (95% CI) 0.82 (0.75 to 0.88)

Positive Predictive Value (95% CI) 78.57% (68.26% to 86.78%)

Negative Predictive Value (95% CI) 86.76% (76.36% to 93.77%)

Diagnostic accuracy 82.24%

4. Discussion

We discovered a strong relationship linking High Resolution Computed Tomography
(HRCT) chest and Lung Ultrasonography (LUS). None of the positive computed tomo-
graphic manifestations were depicted as negative on lung ultrasonography. This method
has an extremely low quantity of false-negative rates, which is crucial in the era of the
current pandemic. There is a growing body of research on the difficulties in diagnosing
COVID-19 illness (Shi et al., 2020; Zhang et al., 2020) [13]. Imaging modalities play a
key role in the oversight of these patients, in whom RT–PCR is negative despite having
high symptomatology favoring COVID-19. By identifying the early stages of respiratory
infections, CT scanning allows for a prompt public safety response. Chest HRCT has
been found to be the primary source of information for acceptable findings. We are well
aware of this because chest radiography is ineffective at detecting ground glass opacities,
it is not the preferred imaging technique for diagnosing COVID-19 disease. Additionally,
chest radiography is generally normal, particularly in the early stages of sickness [14]. An
analysis of 1049 patients who underwent a chest HRCT scan and a RT–PCR test revealed
that CT aberrations had a high reliability for diagnosing COVID-19 patients, indicating that
an HRCT scan should be used as a screening tool [15]. The use of CT scans in emergency
departments, however, is constrained by a number of factors, including radiation dose,
which is particularly problematic for minor illnesses, a lack of its availability, and a prohibi-
tion on using them on unstable patients [16]. As has been proven in various studies (30.8%),
our study also had good number of patients with normal chest HRCT (27.6%) (Li et al.,
2020) [17]. According to early publications during COVID-19, LUS imaging signs agree
well with chest HRCT scan findings. LUS can safely rule out clinically significant COVID-19
infection and may help with COVID-19 diagnosis in environments with a high frequency
of cases [18]. Additionally, Soldati et al. suggested a systematized method for carrying
out LUS in these patients, which included a 14-zone methodology and scoring to gauge
the degree of chest involvement. The lung ultrasonography score is significantly greater
in community-acquired pneumonia than it is in SARS-CoV-2 disease [19]. Although we
concur that there should be agreement on the LUS exam procedure, the 12-zone strategy has
received greater attention and has been shown to be effective (Cantinotti et al., 2020) [20].
According to studies, individual rates of heart injury from COVID-19 range from 7.2% to
14%. In a study of 121 individuals who had cardiovascular problems from SARS, 61 individ-
uals (50.4%) in the institution had hypertension. Of these individuals, 71.9% experienced
chronic tachycardia, with 40% experiencing it even after being discharged from the hospital.
Despite the fact that the risk of cardiovascular issues like tachycardia is substantially higher
when SARS-CoV-2 is present, these issues were clinically inconsequential and unconnected
to the increased mortality risk. In this investigation, more individuals with cardiac injury
died while still in the hospital than did so with SARS, proving that COVID-19-induced
cardiac injury is linked to very negative clinical outcomes. The exact cause of cardiac dam-
age in these COVID-19 patients is currently unknown, however, the human cell receptor
angiotensin-converting enzyme 2 (ACE2), which is also abundantly expressed in the heart,
has a great affinity for the spike protein of SARS-CoV-2. It makes sense to speculate that
ACE2 may act as a mediator of the heart damage caused by COVID-19 [21].
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In our data six patients showed conditions different than the conventional COVID-
19 (central distribution) findings: two patients experienced viral bronchiolitis, and four
patients had cardiac involvement. These patients had some peripheral lung involvement,
which was observed on LUS and was labelled as suggestive of COVID-19, despite having
mostly central lung involvement on CT. Low specificity is one of the primary drawbacks of
LUS, since the results may overlap with those of other respiratory disease etiologies, such
as viral diseases, bacterial pneumonias, lung infarction, and distant metastatic disease. A
similar restriction could be applicable to CT scans, which might mistake COVID-19 for
other viral pneumonias. Nevertheless, in this pandemic, positive LUS or HRCT charac-
teristics might still be strongly predictive of COVID-19 infection even in the absence of a
negative RT–PCR result. Handheld US devices which are user friendly, economical, easily
available and far easier to disinfect can be used to gauge severity of lung involvement
and its follow up. There are many advantages in conducting LUS over HRCT scans, in
particular for population subgroups, such as expecting females and young. Additionally, it
prevents the patient with possible COVID-19 from being sent to imaging and thus threat-
ens the life of other individuals or healthcare dispensers). In our research, we found a
significant association between LUS and chest HRCT aberrations that are indicative of
lung parenchymal affliction brought on by SARS-CoV-2 infection. According to a prior
publications, the majority of patients (92.5%, 37 of 40 patients with aberrant CT results) had
peripheral involvement of both lungs, which is detectable with ultrasonography. Notably,
the LUS score had a stronger correlation with age, physical evaluation (oxygen levels), and
other well-established inflammatory markers (like CRP) that have been shown to be more
useful in this situation than the CTSS. Although it may imply that a 12-zone LUS score, has
higher portrayal of posterior lung fields in half of the lung zones (in comparison to a 5-lobe
division, with the depiction of posterior lung fields in two zones only), and it better reflects
the patient’s physiologic state, this higher correlation should be interpreted with caution.
Chest CT characteristics vary between individuals, allowing for the establishment of unique
phenotypes that may direct treatment and ventilator settings. The type 1 phenotype patient
may gain from the utilization of positive end-expiratory pressure (PEEP) and is expected to
respond well to inhaled Nitric Oxide. In the type 2 phenotype, prone posture and moderate
to high PEEP may aid in recruiting collapsed zones. The management of the type 3 pheno-
type should be similar to that of standard ARDS. Consequently, LUS can be considered an
established modality of imaging to diagnose COVID-19 and may also prove to be a reliable
means of diagnosing disease in future waves, if they occur. We assessed the radiological
load (CT and LUS) in light of the clinical signs, laboratory findings, and outcomes.

Limitations

The primary drawback is that LUS generally lacks specificity. LUS imaging signs of
COVID-19 imbricate when compared to other pneumonia etiologies or non-pneumonia
illnesses (e.g., interstitial lung disease). However, in places where the COVID-19 virus
is widespread, positive LUS characteristics can still be very indicative of infection even
in the absence of positive RT–PCR or chest radiograph results. As a consequence, as the
frequency and incidence of COVID-19 infection declines, the findings of this study offer a
chance to further examine the effectiveness of ultrasound in various contexts and clinical
scenarios. The outcome of our study gives a chance to further study LUS in various clinical
contexts especially as COVID illness has significantly eased off. Any research work has
some amount of selection bias and our study was no exception. The limited generalizability
of our findings is due to the fact that the expert sonographer only performed all ultrasounds
during his working hours. Another drawback of LUS or chest HRCT findings might have
been evaluated in the early stages of the illness, much prior to parenchymal affliction, as a
result, diagnostic modalities must be taken as an adjunct to RT–PCR and other laboratory
studies in any patient. The LUS or CT results were not correlated with patient outcomes.
We see LUS as a feasible remedy and advise that it can be used as the initial imaging
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tool and for a subsequent look at COVID-19 patients, especially in a low-resource country
like ours.

5. Conclusions

LUS is an accurate imaging modality which helps in identifying lung abnormalities
in COVID-19 patients, as is HRCT chest. This further escalates given the fact that the
COVID-19 pandemic overpowered the most developed countries and severely dented the
healthcare options in low-resource countries. Thus, utilizing LUS could be a solution in
future waves, if and when they occur.

Author Contributions: Conceptualization, S.R.R. and M.B.; methodology M.B. and M.K.B.; val-
idation, S.R.R. and M.H.B.; formal analysis, M.B. and C.V.; investigation, S.R.R., F.A.A.-M. and
M.H.B.; data curation, W.I., M.B. and M.K.B.; writing—W.I. and H.A.E.-S.; writing—review and
editing, M.H.B.; supervision, S.R.R. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study, as it
is prospective study not involving patient samples. The data was collected from SKIMS Tertiary care
hospital to gauge the relationship between LUS and chest HRCT in reverse transcriptase polymerase
chain reaction (RT–PCR) documented cases of COVID-19.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy.

Acknowledgments: The authors would like to extend their sincere appreciation to the Researchers
Supporting Project Number (RSP2023R19), King Saud University, Riyadh, Saudi Arabia.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lai, C.C.; Shih, T.P.; Ko, W.C.; Tang, H.J.; Hsueh, P.R. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and

coronavirus disease-2019 (COVID-19): The epidemic and the challenges. Int. J. Antimicrob. Agents 2020, 55, 105924. [CrossRef]
[PubMed]

2. Odiwuor, N.; Xiong, J.; Ogolla, F.; Hong, W.; Li, X.; Khan, F.M.; Wang, N.; Yu, J.; Wei, H. A point-of-care SARS-CoV-2 test based
on reverse transcription loop-mediated isothermal amplification without RNA extraction with diagnostic performance same as
RT-PCR. Anal. Chim. Acta 2022, 1200, 339590. [CrossRef] [PubMed]

3. Rousan, L.A.; Elobeid, E.; Karrar, M.; Khader, Y. Chest X-ray findings and temporal lung changes in patients with COVID-19
pneumonia. BMC Pulm. Med. 2020, 20, 245. [CrossRef] [PubMed]

4. Smallwood, N.; Harrex, W.; Rees, M.; Willis, K.; Bennett, C.M. COVID-19 infection and the broader impacts of the pandemic on
healthcare workers. Respirology 2022, 27, 411–426. [CrossRef] [PubMed]

5. Pontone, G.; Scafuri, S.; Mancini, M.E.; Agalbato, C.; Guglielmo, M.; Baggiano, A.; Muscogiuri, G.; Fusini, L.; Andreini, D.;
Mushtaq, S.; et al. Role of computed tomography in COVID-19. J. Cardiovasc. Comput. Tomogr. 2021, 15, 27–36. [CrossRef]
[PubMed]

6. Power, S.P.; Moloney, F.; Twomey, M.; James, K.; O’Connor, O.J.; Maher, M.M. Computed tomography and patient risk: Facts,
perceptions and uncertainties. World J. Radiol. 2016, 8, 902. [CrossRef] [PubMed]

7. Frane, N.; Bitterman, A. Radiation safety and protection. In StatPearls [Internet]; StatPearls Publishing: Treasure Island, FL, USA, 2022.
8. Huygh, J.; Peeters, Y.; Bernards, J.; Malbrain, M.L. Hemodynamic monitoring in the critically ill: An overview of current cardiac

output monitoring methods. F1000Research 2016, 5, 2855. [CrossRef] [PubMed]
9. Demi, L.; Wolfram, F.; Klersy, C.; De Silvestri, A.; Ferretti, V.V.; Muller, M.; Miller, D.; Feletti, F.; Wełnicki, M.; Buda, N.; et al. New

international guidelines and consensus on the use of lung ultrasound. J. Ultrasound Med. 2023, 42, 309–344. [CrossRef] [PubMed]
10. Kanne, J.P.; Bai, H.; Bernheim, A.; Chung, M.; Haramati, L.B.; Kallmes, D.F.; Little, B.P.; Rubin, G.; Sverzellati, N. COVID-19

imaging: What we know now and what remains unknown. Radiology 2021, 299, E262–E279. [CrossRef] [PubMed]
11. Zander, D.; Hüske, S.; Hoffmann, B.; Cui, X.W.; Dong, Y.; Lim, A.; Jenssen, C.; Löwe, A.; Koch, J.B.; Dietrich, C.F. Ultrasound

image optimization (“knobology”): B-mode. Ultrasound Int. Open 2020, 6, E14–E24. [CrossRef] [PubMed]
12. Roberts, M.; Driggs, D.; Thorpe, M.; Gilbey, J.; Yeung, M.; Ursprung, S.; Aviles-Rivero, A.I.; Etmann, C.; McCague, C.; Beer, L.;

et al. Common pitfalls and recommendations for using machine learning to detect and prognosticate for COVID-19 using chest
radiographs and CT scans. Nat. Mach. Intell. 2021, 3, 199–217. [CrossRef]

https://doi.org/10.1016/j.ijantimicag.2020.105924
https://www.ncbi.nlm.nih.gov/pubmed/32081636
https://doi.org/10.1016/j.aca.2022.339590
https://www.ncbi.nlm.nih.gov/pubmed/35256137
https://doi.org/10.1186/s12890-020-01286-5
https://www.ncbi.nlm.nih.gov/pubmed/32933519
https://doi.org/10.1111/resp.14208
https://www.ncbi.nlm.nih.gov/pubmed/35048469
https://doi.org/10.1016/j.jcct.2020.08.013
https://www.ncbi.nlm.nih.gov/pubmed/32952101
https://doi.org/10.4329/wjr.v8.i12.902
https://www.ncbi.nlm.nih.gov/pubmed/28070242
https://doi.org/10.12688/f1000research.8991.1
https://www.ncbi.nlm.nih.gov/pubmed/28003877
https://doi.org/10.1002/jum.16088
https://www.ncbi.nlm.nih.gov/pubmed/35993596
https://doi.org/10.1148/radiol.2021204522
https://www.ncbi.nlm.nih.gov/pubmed/33560192
https://doi.org/10.1055/a-1223-1134
https://www.ncbi.nlm.nih.gov/pubmed/32885137
https://doi.org/10.1038/s42256-021-00307-0


Diagnostics 2023, 13, 2091 12 of 12

13. Tung-Chen, Y.; de Gracia, M.M.; Díez-Tascón, A.; Alonso-González, R.; Agudo-Fernández, S.; Parra-Gordo, M.L.; Ossaba-Velez,
S.; Rodríguez-Fuertes, P.; Llamas-Fuentes, R. Correlation between chest computed tomography and lung ultrasonography in
patients with coronavirus disease 2019 (COVID-19). Ultrasound Med. Biol. 2020, 46, 2918–2926. [CrossRef] [PubMed]

14. Abbasi-Oshaghi, E.; Mirzaei, F.; Farahani, F.; Khodadadi, I.; Tayebinia, H. Diagnosis and treatment of coronavirus disease 2019
(COVID-19): Laboratory, PCR, and chest CT imaging findings. Int. J. Surg. 2020, 79, 143–153. [CrossRef] [PubMed]

15. Ai, T.; Yang, Z.; Hou, H.; Zhan, C.; Chen, C.; Lv, W.; Tao, Q.; Sun, Z.; Xia, L. Correlation of chest CT and RT-PCR testing for
coronavirus disease 2019 (COVID-19) in China: A report of 1014 cases. Radiology 2020, 296, E32–E40. [CrossRef] [PubMed]

16. Ohana, O.; Soffer, S.; Zimlichman, E.; Klang, E. Overuse of CT and MRI in paediatric emergency departments. Br. J. Radiol. 2018,
91, 20170434. [CrossRef] [PubMed]

17. Li, K.; Fang, Y.; Li, W.; Pan, C.; Qin, P.; Zhong, Y.; Liu, X.; Huang, M.; Liao, Y.; Li, S. CT image visual quantitative evaluation and
clinical classification of coronavirus disease (COVID-19). Eur. Radiol. 2020, 30, 4407–4416. [CrossRef] [PubMed]

18. Lieveld, A.W.; Kok, B.; Schuit, F.H.; Azijli, K.; Heijmans, J.; van Laarhoven, A.; Assman, N.L.; Kootte, R.S.; Olgers, T.J.;
Nanayakkara, P.W.; et al. Diagnosing COVID-19 pneumonia in a pandemic setting: Lung Ultrasound versus CT (LUVCT)—A
multicentre, prospective, observational study. ERJ Open Res. 2020, 6, 539–2020. [CrossRef] [PubMed]

19. Fiorito, I.; Gori, G.; Perrone, T.; Mascolo, A.; Caimmi, S.; Palumbo, I.; De Silvestri, A.; Delliponti, M.; Di Sabatino, A.; Marseglia,
G.L. ECHOPAEDIA: Echography in Paediatric Patients in the Age of Coronavirus Disease 2019: Utility of Lung Ultrasound
and Chest X-ray in Diagnosis of Community-Acquired Pneumonia and Severe Acute Respiratory Syndrome Coronavirus
2 Pneumonia. Front. Pediatr. 2022, 10, 46. [CrossRef] [PubMed]

20. Cantinotti, M.; Giordano, R.; Scalese, M.; Marchese, P.; Franchi, E.; Viacava, C.; Molinaro, S.; Assanta, N.; Koestenberger, M.;
Kutty, S.; et al. Prognostic value of a new lung ultrasound score to predict intensive care unit stay in pediatric cardiac surgery.
Ann. Thorac. Surg. 2020, 109, 178–184. [CrossRef] [PubMed]

21. Shi, S.; Qin, M.; Shen, B.; Cai, Y.; Liu, T.; Yang, F.; Gong, W.; Liu, X.; Liang, J.; Zhao, Q.; et al. Association of cardiac injury with
mortality in hospitalized patients with COVID-19 in Wuhan, China. JAMA Cardiol. 2020, 5, 802–810. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.ultrasmedbio.2020.07.003
https://www.ncbi.nlm.nih.gov/pubmed/32771222
https://doi.org/10.1016/j.ijsu.2020.05.018
https://www.ncbi.nlm.nih.gov/pubmed/32422384
https://doi.org/10.1148/radiol.2020200642
https://www.ncbi.nlm.nih.gov/pubmed/32101510
https://doi.org/10.1259/bjr.20170434
https://www.ncbi.nlm.nih.gov/pubmed/29271231
https://doi.org/10.1007/s00330-020-06817-6
https://www.ncbi.nlm.nih.gov/pubmed/32215691
https://doi.org/10.1183/23120541.00539-2020
https://www.ncbi.nlm.nih.gov/pubmed/33442553
https://doi.org/10.3389/fped.2022.813874
https://www.ncbi.nlm.nih.gov/pubmed/35295703
https://doi.org/10.1016/j.athoracsur.2019.06.057
https://www.ncbi.nlm.nih.gov/pubmed/31400328
https://doi.org/10.1001/jamacardio.2020.0950
https://www.ncbi.nlm.nih.gov/pubmed/32211816

	Introduction 
	Materials and Methods 
	Initial Patient Assessment 
	Ultrasound Data Collection 
	Outcome Measures and Definitions 
	Statistical Analysis 
	Aim 

	Results 
	Discussion 
	Conclusions 
	References

