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Abstract:

Purpose: This study aimed to assess capability of lung ultrasound to distinguish different
pulmonary patterns of COVID-19 and compare it to chest CT. Materials and Methods: This is a
prospective randomized controlled study carried upon sixty-five patients from beginning of
November 2021 to the end of October 2022 admitted to Isolation Hospital for COVID -19 patients
and in isolation ward in Tanta Emergency Department. Results: Lung Ultrasound can significantly
predict mild to moderate COVID-19 pneumonia (P=0.003 and AUC=0.704) with 98.04%
sensitivity, 42.86 %specificity, 86.2% PPV and 85.7% NPV and severe COVID-19 pneumonia
(P=<0.001 and AUC=0.885) with 92.00% sensitivity, 85.00% specificity, 79.3% PPV and 94.4%
NPV. By dividing the patients into two groups according to Computed Tomography Severity Score
and Lung Ultrasound Scoring System, there was a substantial agreement between CTSS and LUSS
(P value<0.001, Kappa = 0.632). Conclusions: Lung ultrasound can substitute CT chest in
predicting, screening and diagnosis of COVID-19 pneumonia.

Keywords: Corona virus disease-19; COVID-19; Lung ultrasound; Chest Computed
Tomography; Emergency
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1. Introduction:

Corona virus disease-19 (COVID-19) is
characterized by severe pneumonia and/or
acute respiratory distress syndrome in about
fifth of infected patients [X. The increasing
number of confirmed COVID-19 cases is
noticeable, so we need new diagnostic tools to
guide clinical convention [,

Computed tomography (CT) is the
conventional  technique  imaging  for
monitoring and diagnosis of COVID-19
pneumonia. Chest CT has high sensitivity for
diagnosis of COVID-19 but is not accessible
universally. Unstable or infected patient to be
moved to the radiology unit with potential
exposure of several people is risky, needs
proper sterilization of the CT room after use
and is not usually used in children and
pregnant women due to over radiation
exposure B,

Lung ultrasound (LUS) is a non-invasive
bedside technique used in emergency to
diagnose interstitial lung syndrome through
evaluation and quantitation of the number of
B-lines, pleural irregularities and nodules or
consolidations [,

In patients with COVID-19 pneumonia, LUS
shows a typical pattern of diffuse interstitial
lung syndrome, characterized by multiple or
convergent bilateral B-lines with spared areas,

thickening of the pleural line with pleural line
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irregularity and peripheral consolidations [,
So, LUS can assess the severity of COVID-19
infection 61,
LUS has several advantages over CT, like
reduction of exposure to radiation, repeating
follow up examination bedside, low cost, and
easy to applicate in low-resource settings [,
Therefore, LUS may decrease utilization of
traditional diagnostic imaging resources (CT
scan and chest X-ray) (8,
Lung ultrasound helps in diagnosis, follow-
up, treatment decisions and monitoring of
COVID-19 pneumonia, particularly in the
critical care cases and in pregnant women,
children in areas with high rates of community
transmission [,
The current work aimed to assess the
capability of LUS to distinguish the different
pulmonary patterns of COVID-19 and
quantify the disease burden compared to chest
CT.

2. Material and methods:
This prospective randomized controlled study
was carried out upon sixty-five patients over a
duration of one year from beginning of
November 2021 to the end of October 2022
(the end of COVID -19 outbreak). They were
selected from those admitted to Isolation
Hospital for COVID -19 patients and
Emergency Department (ED) (in isolation
ward) in Tanta University Hospitals for
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suspect COVID-19 pneumonia. All patients
provided written, informed consent and
approval of the institutional research ethics
committee  was  obtained
code:35081/11/21).

Eligibility criteria included all patients aged >
18 years old and infected with COVID-19 [by

clinical diagnosis, laboratory investigations,

(Approval

CT chest and/or confirmed by reverse
transcription-polymerase chain reaction (RT-
PCR)], whereas those with critical conditions,
pulmonary embolism, previous heart or chest
surgery, need for intensive care support at the
time of admission or severe cardiorespiratory
illness other than COVID-19 were excluded.
Patients with history of pulmonary diseases
(chronic obstructive pulmonary disease or
Restrictive pulmonary disease) and pregnant
women were also excluded from the study.
Clinical and radiological assessment:

Full history taking was obtained from all
patients which include age, sex, comorbidities
like; hypertension (HTN), diabetes mellitus,
history of autoimmune disease or
immunosuppressive therapy (e.g. steroids).
Symptoms like; dyspnea, cough, fever,
anosmia, ageusia or gastrointestinal symptoms
(diarrhea, abdominal pain, vomiting) were
recorded.

This was followed by complete clinical

examination (heart rate, respiratory rate, SpOz,
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temperature, blood pressure, etc), Laboratory
investigations (complete blood count, C-
reactive protein, serum ferritin, lactate
dehydrogenase enzyme, D-dimer).

After that, PCR samples were collected using
nasal swabs. When a laboratory scientist
received the sample, he isolated (extracts)
genetic material from the rest of the material
in the sample.

Every patient was examined by chest CT and
LUS to assess the capability of LUS to
distinguish the different pulmonary patterns of
COVID-19 and quantify the disease burden
compared to chest CT.

CT chest:

CT chest was done to all patients included in
the study immediately before admission as
part of the ED evaluation route of suspect
COVID-19 cases.

CTs were done in supine position at end
inspiration ~ without  contrast. A chest
radiologist reviewed the CT scans and defined
the presence and extent of ground glass
opacities (GGO) and consolidation and scored
according to CT severity score (CT-SS). In
this score, each lobe could be awarded a CT
score from 0 to 5, depending on the percentage
of the involved lobe:

Score 0: 0% involvement, score 1: <5%
involvement, score 2: 5-25% involvement,

score 3: 26-49% involvement; score 4: 50—
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75% involvement, and score 5: >75%
involvements. The total CT score was the sum
of the points from each lobe and ranges from
0 to 25 points. In a qualitative evaluation, total
CT severity scores of 1-5, 6-14, and 15-25

were categorized as mild, moderate, and

CT images were classified according to the
COVID-19 Reporting and Data System (CO-
RADS) score (Figure 1), which is based on the
level of suspicion of pulmonary involvement
in  severe acute

respiratory  syndrome

coronavirus 2 (SARS-CoV-2) infection [11],

severe involvement, respectively [19],

CO-RADS*
Level of suspicion COVID-19 infection

CT findings

normal or non-infectious
abnormalities

CO-RADS 1 No

abnormalities consistent with

CO-RADS 2 Low infections other than COVID-14

unclear whether COVID-19 is
present

CO-RADS 3

Indeterminate

abnormalities suspicious for

CO-RADS 4 High COVID-19

CO-RADS 5 Very high typical COVID-19

Figure 1: COVID-19 Reporting and Data System (CO-RADS) score
Lung US:

Bedside LUS was performed within 24 hours from ward admission and CT scanning. A portable
ultrasound system [wireless hand-held ultrasound SN: KXALAO033] (Fig 2A) and (PHILIPS
Affinity 50 G) device with convex and linear probes was used (Figure 2B). Examinations were
performed with the patient in the sitting position, scanning the front and the back side of each hemi
thorax systemically. Each hemithorax was divided into anterior, lateral and posterior sectors, and
each sector was then split into upper and lower halves using the third intercostal space as reference
to obtain 6 areas for each hemithorax (Figure 3) [ The presence, site, and distribution of

abnormalities, such as B lines, pleural line thickening, consolidations, and air bronchograms, were
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evaluated. Abnormal findings in each scan were graded according to LU scoring system [LUSS

score] (Figure 4) 131,

Figure 2: Ultrasound device A) Wireless Handheld Ultrasound; B) PHILIPS Ultrasound

Device)

Figure 3: Areas of lung ultound eamination. a) The anterior regin of the chest with its
upper anterior and lower anterior quadrant of the right (R1-R2) and left (L1-L2) hemi-
thorax. b), c) The axillary thorax with its upper lateral and lower lateral quadrants of the
right (R3-R4) and left (L3-L4) hemi-thorax. d) The lower and upper quadrants of the
posterior thorax of the right (R5-R6) and left (L5-L6) hemi-thorax
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Lung Ultrasound Scoring System (LUSS)

LUsSS 0
Alines, 1or2 B-lines, >2 B-ines but discrete,
Smooth thin pleural Irregular/ thickened
line pleura

LUSS 3
Confluent B-fines, Large consolidations
subpleural (height >1cm) +/- air
consolidations (height bronchogram +/-
<lom) vascularity

Figure 4: Lung ultrasound scoring system (LUSS) points range from 0 to 3, with higher

points allocated to severe lung changes. Based on the total score from 12 lung zones, the

severity classified as mild (score 1-5), moderate (>5-15) and severe (>15). A normal lung will

have a total score of 0

Statistical analysis:

Data were analyzed using SPSS (Statistical
Package for the Social Sciences, version
23.0). Categorical data were expressed using
numbers and percentage whereas Numerical
data were expressed using mean, standard
deviation after testing normality using
Kolmogrov-Smirnov test.

Pearson’s  correlation coefficient was
performed to investigate the correlation
between CTSS, LUSS and the different
studied variables. Cohen's kappa coefficient
was used to study the concordance between
CTSS and LUSS [ To analyze the
predictive power of CTSS and LUSS, the

receiver operating characteristics (ROC)
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curve was performed and area under the
curve (AUC) value was determined. P values
of<0.05 were considered statistically
significant.

3. Results:

This study was carried out upon sixty-five
patients over one year from the beginning of
November 2021 to the end of October 2022
(the end of Covid-19 outbreak). In this study,
83 patients were assessed for eligibility, 11
patients did not meet the criteria and 7
patients refused to participate in the study
(Fig 5). The remaining patients were included

in our study and analyzed statistically.
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Assessed for eligibility (0=83)

Excloded (n=18)
o *Not meeting melusion erilena (n=11)
*Pahent refusal (n=7)

’ Inchuded (o=65) ‘

|

Lost during follow-up (1=0)

l

Analysed (n=65)

[

!

Figure 5: Flow chart of the enrolled patients

Patients’ characteristics
Table 1
characteristics. The mean age of the studied

demonstrates patients’
cases was 46.4+13.29 years. There were
45(69.23%) male and 20(30.77%) females.
Diabetes Mellitus was present in 25(38.46%)
patients. Hypertension was present in 16
(24.62%) patients. Regarding symptoms,
dyspnea was present in 47(72.31%) patients,
cough was present in 49(75.38 %) patients,
fever was present in 46(70.77%) patients,
anosmia was present in 29 (44.62%) patients
and GIT symptoms were present in
29(44.62%) patients. The onset of symptoms
ranged from 3 to 7 days with a mean value (£
SD) of 4.2 (x0.97) days. Vital signs and
laboratory investigations of the studied

patients are illustrated in table 2.
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Radiological imaging of the studied

patients:

CT chest showed pleural thickening in
22(33.85%) patients, GGO in 60(92.31%)
patients (Figure 6), Septal thickening in
33(50.77%) patients, crazy paving in
30(46.15%) patients,
consolidation in 25(38.46%) patients and

subpleural

effusion in 8(12.31%) patients. Regarding
CO-RAD score, 11(16.92%) patients was
CO-RADS 3, 27 (41.45%) patients was CO-
RAD 4 and 27 (41.45%) patients was CO-
RAD 5. Total CT severity score was mild in
14 (21.54%) patients, moderate in 26 (40%)
patients and severe in 25 (38.46%) patients as
demonstrated in table 3.
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Figure 6: CT chest of a case showing areas of ground glass opacities distributed

peripherally in both lung fields

Lung US Findings of 12 Lung zones of the studied patients are shown in table 4 indicating that the
presence of isolated or confluent B- lines is the most common finding with higher percentage in
lower posterior lung zones 19 (29.23%) [Figure 7]. Total LUS score was mild in 7 (10.76%)
patients, moderate in 29 (44.61%) patients and severe in 29 (44.61%) patients.

e

_Preor sl thickening "

Figure 7: Lung ultrasound (LUS) of a case showing pleural thickening (black arrow) &

confluent B lines (white arrow) in left lower lobe

Correlations between LUSS & CTSS with Age, vital signs & laboratory investigations of the
studied patients were illustrated in table 5. There was a negative correlation between CTSS and

both P/F ratio and lymphocytes (P value<0.001 for both). Similarly, there was a negative
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correlation between LUSS and both P/F ratio and lymphocytes. (P value 0.009 and 0.027
respectively). There were no significant correlations between CTSS and age, respiratory rate, O
saturation, TLC, D dimer, LDH, CRP, Ferritin and PCR.

Concordance between CTSS score and LUS score of the studied patients: There was a
substantial agreement between CTSS and LUSS (P value<0.001, Kappa = 0.632) as shown in table
6 and figure 8.

bilateral basal ground glass opacities (blue arrows) and lung ultrasound (right side)
showing confluent B lines in right lower lobe (yellow arrow)
Role of LUS in prediction of COVID-19 pneumonia

LUS can significantly predict mild to moderate COVID-19 pneumonia (P=0.003 and
AUC=0.704) with 98.04% sensitivity, 42.86 %specificity, 86.2% PPV and 85.7% NPV (Fig 9).
LUS can significantly predict severe COVID-19 pneumonia (P=<0.001 and AUC=0.885) with
92.00% sensitivity, 85.00% specificity, 79.3% PPV and 94.4% NPV (Figure 10).
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Figure 9: Receiving-operator characteristic (ROC) curve of lung ultrasound in prediction

of mild to moderate COVID-19 pneumonia
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Figure 10: Receiving-operator characteristic (ROC) curve of lung ultrasound in prediction
of severe COVID-19 pneumonia
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4. Discussion:

The recent outbreak of SARS-CoV-2
infection has resulted in numerous patients
with suspected disease waiting for a COVID-
19 diagnosis. Chest imaging plays a pivotal
role in the diagnostic workflow of patients
with suspected virus pneumonia, notably for
those with very early disease, when viral
replication might not be detected by RT-
PCR.

To our knowledge, few studies have
investigated the concordance between CT
chest and LUS in COVID-19 pneumonia.
This study aimed to assess the capability of
LUS to distinguish the different pulmonary
patterns of COVID-19 and quantify the
disease burden compared to chest CT.

In our study, 65 patients were included. The
age of the studied patients ranged from 22 to
71 years with a mean value of 46.4+13.29
years. There were 45 (69.23%) males and 20
(30.77%) females. This agreed with Tung-
Chen et al. [*°, They enrolled 51 patients in
their study with the mean age was 61.4+17.7
years, with slight male predominance; male
patients were 28 (54.9%). Another study by
Casella et al. [* agreed with our study. They
enrolled 190 patients in their study with the
mean age was 62 years (ranged from 49-73)

with a prevalence of male sex (59%).

53

In our study, DM was present in 25(38.46%)
patients. HTN was present in 16 (24.62%)
patients. While in Tung-Chen et al. 51 DM
was present in 10 patients (19.6%) whereas,
HTN was present in 20 patients (39.2%).
Results of our study denoted that dyspnea,
cough, fever were the most common
symptoms. They represent 72.31%, 75.38 %,
70.77% of patients respectively and this
result agreed with Tung-Chen et al. [*31 studly,
they revealed that majority of patients
presented with dyspnea (56.9%), and fever
(45.1%).

We recorded that the time from the onset of
symptoms to hospital admission ranged from
3 to 7 days with a mean value of 4.2+0.97
days. In Tung-Chen et al. 1 study, the onset
of symptoms was 3.5+5.6 days and in Casella
F. et al. [*®] study the mean time was 8 days.
In Tung-Chun et al. % study, they obtained
a positive rate of PCR in 23 (47.9%) patient
which is a similar to our result, whereas PCR
test was positive in 37 (56.92%) patients.
While in Schaad et al. 1, 23% (n=30/134)
only of studied patients were COVID- 19
positive.

Regarding CT chest findings, Lopes et al. (8]
reported that GGOs, the crazy-paving
pattern, sub pleural consolidation and
parenchymal bands were observed in 30
(66.7%), 9 (20%), 3 (6.7%), and 8 (17.8%)
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cases respectively. While in our study, CT
chest showed GGO in 60 (92.31%) patients,
Septal thickening in 33 (50.77%) patients,
crazy paving in 30 (46.15%) patients, sub-
pleural consolidation in 25 (38.46%) patients
and effusion in 8 (12.31%) patients. We
observed that a higher percentage of patients
with GGO in both studies. Also, in Tung-
Chen et al. [*® study GGOs were present in
37 patients (72.5%) (The higher percentage
of patients), followed by septal thickening
(18 patients, 35.2%).

Our study found that most patients had CO-
RAD scores of 4 and 5 (41.45%) and these
findings were consistent with Kosovali et al.
(19, They revealed that CO-RADs 5
represents most patients (50.7%).

In our study, we found that CTSS was mild
in 14 (21.54%) patients, moderate in 26
(40%) patients and severe in 25 (38.46%)
patients with moderate score is the most
present score. While in Tung- Tung-Chen, et
al. [ mild 19 (37.3%), moderate 4 (7.8%)
and severe 14 (27.5%) with mild score took
the upper hand of studied patients.
Tung-Chen, et al. 1 reported that the most
common findings on LUS were sub pleural
consolidations. While in our study the
presence of > 2 B- lines (isolated or
confluent) are the most common finding

which is like Lopes et al. [*8. Also, Du et al.
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(201 reported that all participants presented
with an increase in B-lines. But in Sahu et al.
(211 study, they found that most common
findings were pleural line irregularity (70%)
followed by B-profile (59%). All these
studies found that the lower and posterior
lung zones are the most common zones
affected. Rizzetto et al. 1?2 reported that the
mean LUS Severity Score was 12.
Regarding CTSS and LUSS, we observed
correlations between scores assessed by LUS
and CT chest and the studied variables.
Higher scores by either technique correlated
directly with age, RR, CRP, serum Ferritin
and D dimer and there was a negative
significant correlation with P/ F ratio and
lymphocytes count (P value <0.001 for both).
These are the same results as in Portale et al.
231 and Bosso et al. 241,

This study showed substantial agreement
between chest CT and LUS (k=0.632, p value
< 0.001). In Tung-Chen et al. %1 there was
strong agreement between chest CT and LUS
(k=0.842, p value < 0.001) which is similar
to our results. Okmen et al. ! also shared
similar results. There was a statistically
significant positive correlation between the
measured LUS and CT  scores
(r=0.857,p<0.001). Chrzan et al. [? also

agreed with our results. They revealed
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significant correlations between LUS and CT
scores in all evaluated lung regions.

Lu et al. [®1 Study suggested that agreement
between lung ultrasound and chest HRCT
findings vary depending on the severity of
lung involvement, with diagnostic accuracy
from 77% (mild involvement) to 93%
(severe). And these results agreed with our
study. We revealed that LUS can
significantly predict severe COVID-19
pneumonia with 92% sensitivity, 85%
specificity and mild to moderate COVID-19
pneumonia with 98.04% sensitivity, 42.86
Y%specificity.

Also, in agreement with our results, Bosso et
al. 121 found that excellent ability of LUS in
predicting the diagnosis of SARS-CoV-2
infection, with ROC curve of 0.92 (with a
sensitivity of 73% and a specificity of 89%).
Our study suggests the usefulness and
applicability of lung ultrasound as a
screening tool for revealing COVID-19
features and correspondence of ultrasound
and chest CT findings. The sum of chest wall
areas with ultrasound score agrees with the
extent of lung involvement when using CT as
the reference standard. Our results suggest
that lung ultrasound can substitute CT chest
in predicting, screening and diagnosis of
COVID-19 pneumonia.
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5. Conclusions:
Lung ultrasound can substitute CT chest in
predicting, screening and diagnosis of
COVID-19 pneumonia.
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