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Objectives—Lung ultrasound (LUS) might be comparable to chest computed
tomography (CT) in detecting parenchymal and pleural pathology, and in moni-
toring interstitial lung disease. We aimed to describe LUS characteristics of
patients during the hospitalization for COVID-19 pneumonia, and to compare
the extent of lung involvement at LUS and chest-CT with inflammatory
response and the severity of respiration impairment.

Methods—During a 2-week period, we performed LUS and chest CT in hospi-
talized patients affected by COVID-19 pneumonia. Dosages of high sensitivity
C-reactive protein (HS-CRP), p-dimer, and interleukin-6 (IL-6) were also
obtained. The index of lung function (P/F ratio) was calculated from the blood
gas test. LUS and CT scoring were assessed using previously validated scores.

Results—Twenty-six consecutive patients (3 women) underwent LUS
34 £ 14 days from the early symptoms. Among them, 21 underwent CT on
the same day of LUS. A fair association was found between LUS and CT
scores (R = 0.45, P = .049), which became stronger if the B-lines score on
LUS was not considered (R = 0.57, P = .024). LUS B-lines score correlated
with IL-6 levels (R = 0.75, P = .011), and the number of involved lung seg-
ments detected by LUS correlated with the P/F ratio (R = 0.60, P = .019)
but not with HS-CRP and p-Dimer levels. No correlations were found
between CT scores and inflammations markers or P/F.

Conclusion—In patients with COVID-19 pneumonia, LUS was correlated with
both the extent of the inflammatory response and the P/F ratio.

Key Words—chest CT; COVID-19; cytokine cascade; lung ultrasound;
pneumonia; SARS-CoV-2

compared to other imaging techniques. Moreover, it
carries no risk of X-ray exposure and can be performed at
bedside with portable equipments.' These advantages are
among the reasons why LUS has gradually become a routine
practice to assess lungs in many emergency departments
(ER) and intensive care units, as an extension of bedside
patient’s examination.>?
LUS might be comparable to chest X-ray and to chest com-
puted tomography (CT) in detecting lung parenchyma and pleural

Lung ultrasound (LUS) examination is easy to learn
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pathology, and to monitor the response to treatment
in interstitial lung disease.*

During the recent severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) disease
(COVID-19), pandemic clinicians have looked for
novel and noninvasive ways to safely evaluate patients
suspected of COVID-19 pneumonia.®® In the early
phases of the disease, the chest CT scan of the
patients may show relevant lung lesions before the
onset of severe clinical symp'coms.g’10 However, in
nonhospital settings, it is quite difficult to routinely
implement CT for COVID-19 symptomatic patients
screening, due to logistic and safety reasons.

As observed during the 2013 avian influenza A
(H7N9) epidemic,''* LUS may aid in the identification
and subsequent monitoring of suspected COVID-19
pulmonary lesions."”'* Indeed, a number of case
reports and small studies have emerged in the recent
literature showing the clinical value of LUS in
patients with confirmed COVID-19 infections.'>"
Moreover, in mechanically ventilated patients due to
COVID-19 pneumonia hospitalized in Intensive care
unit (ICU), LUS represented a potential indicator of
respiratory function and inflammatory status.*

Accordingly, we designed a prospective, obser-
vational study to describe the information provided
by this technique during the hospitalization due to
COVID-19 pneumonia, and to compare the rela-
tionships between LUS and chest-CT scores with
the levels of cytokine activation and the severity of
respiratory impairment.

Materials and Methods

Subjects

This is a prospective, observational single-center
study, carried out at San Luca Hospital, a clinical
research Institution in Milan (Italy) fully turned into
a dedicated COVID-19 Unit at the time of the SARS-
CoV-2 virus outbreak that severely hit Northern Italy
between March and May 2020. In the frame of health
care management in our region during the COVID-
19 outbreak, our hospital was assigned to receive
patients from the ER of other hospitals, which trans-
ferred COVID-19 patients to our unit after a first
brief hospitalization. Due to the health care resource
shortage related to the unpredictable progression of

the pandemic, our Ethics Committee allowed us to
include all patients consecutively hospitalized due
to COVID-19 pneumonia in our Unit over a 2-week
period, from April 18th to May 3rd, 2020. Within
this time window, we performed LUS and chest CT
in all patients admitted to our unit who had a
laboratory-confirmed SARS-CoV-2 pneumonia diag-
nosis, and who accepted to participate in the study.
Given the above-mentioned coordination among
Lombardy hospitals, all patients were included dur-
ing the hospitalization in our COVID-19 Unit with
a range of 4 to 28 days after the first ER evaluation,
which took place in other hospitals of our city.
Demographic and clinical data such as age, sex,
weight and height, comorbidities, hospitalization
information, and outcomes were collected. The
study conformed to the standards set by the Decla-
ration of Helsinki, and, as already mentioned,
received ethical clearance from the Ethic Committee
of Istituto Auxologico Italiano. All patients provided
informed consent for the collection of their hospital
clinical data for research purposes.

LUS Measurements and Scoring

LUS was performed using a previously described
16-segment method.>"® The GE Healthcare Venue
40 ultrasound system (GE, USA) equipped with both
a convex array ultrasound probe (2-2.5 MHz) and a
high-frequency linear array probe (5-13 MHz) was
used in this study. The linear transducer was pre-
ferred to define the LUS score. The ultrasound probe
and cable were kept in a sterile, plastic wrap, and were
sterilized again after each study. The physician (oper-
ator) entered the patient’s room respecting all the
preventive measures for respiratory, droplet, and con-
tact isolation provided by the World Health Organi-
zation for the SARS-CoV-2 outbreak. Images were
recorded and digitally stored for further analysis. A
normal LUS scan demonstrated only A-lines that are
a repetition of the pleural line at twice the distance
from skin to the pleural line. These lines are indic-
ative of air below the pleural line, corresponding
to the parietal pleura. The A-lines may be com-
plete or broken. The B lines are described as
hyper-echogenic artifacts that resemble a “comet tail”.
They arise from the pleural line and move in concert
with a sliding lung. The B1 lines are associated with an
interstitial syndrome and diminished lung aeration.
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The B2 lines are confluent lines appearing as a “white
lung” (called also glass-rockets), equivalent to CT
ground-glass opacities. The latter suggests a more severe
loss of lung aeration. Lung consolidations (C) are associ-
ated with hepatization of lung parenchyma with or with-
out air bronchograms, and suggest major loss of lung
aeration (atelectasis versus pneumonia). As yet, there are
no ultrasound appearances that would be pathogno-
monic of SARS-CoV-2-related pneumonia. We used
a standardized scanning scheme and scoring system
already used for other forms of interstitial lung
disease,>*" dividing the lungs into 16 segments and
assigning to each segment a score as it follows: Score
0: predominant A-lines or <3 separate B-lines; Score
1: at least 3 B-lines or coalescent B-lines occupying
<50% of the screen without a clearly irregular pleural
line; Score 1p: at least 3 B-lines or coalescent B-lines
occupying <50% of the screen with a clearly irregu-
lar pleural line; Score 2: coalescent B-lines occupy-
ing >50% of the screen without a clearly irregular
pleural line; Score 2p: coalescent B-lines occupying
>50% of the screen with a clearly irregular pleural
line; and Score 3: large consolidations (at least
1 cm), further described as hypo-echogenic, tissue-
like, with air bronchograms, etc. The presence of
pleural effusion was also reported.

Finally, for each examination, we counted the
number of segments involved irrespectively of their
individual score, and we calculated three scores:

1. the total score (sum of the scores of each
segment);

2. the “B-lines” score (sum of scores 1 to 2p) not
taking into account the consolidations; and

3. the “p” score, that is, the score of segments where
B lines and irregular pleural lines were observed;

In this analysis, a score = 0 would reflect a normal
lung, whereas a score = 48 would represent a severely
damaged lung, where ubiquitous consolidation is pre-
sent. LUS was performed by a clinician specialized in
LUS, blind to laboratory test, or hospitalization out-
comes. This scoring system has previously been

validated.*!

Chest CT

Chest CT scans were performed with the patient in
the supine position and during inspiratory apnea using
GE LightSpeed (GE Healthcare, Milwaukee, WT).
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The gantry was maintained without any inclination,
and no iodinated contrast medium was used. Chest
CT scoring was performed by a radiologist blinded for
patients LUS score or hospitalization outcomes,
using validated score.””** Briefly, each lung was
divided into three zones: upper (above the carina),
middle, and lower (below the inferior pulmonary
vein) zones; each zone was evaluated for percentage
of lung involvement on a scale of 0 to 4 (0, 0%
involvement; 1, less than 25% involvement; 2, 25%
to less than 50% involvement; 3, 50% to less than
75%; 4, 75% or greater involvement). Overall CT
scores were the summation of scores from all six
lung zones. The maximum possible score was 25
(24 + 1 in case of consolidations).”>**

Blood Tests, Arterial Gas-Analysis, and Respiratory
Impairment

Interleukin-6 (IL-6), high-sensitivity C-reactive pro-
tein (CRP), p-Dimer, and fibrinogen, among other
tests, were routinely determined in patients every
24 hours to check for disease evolution and response
to treatment during hospitalization. In particular, IL-6
was determined with a high sensitivity system
(Elecsys® IL-6 test, Roche). Arterial gas-analysis was
also obtained every day from an arterial line. To
assess lung function, the ratio between the arterial
oxygen pressure (PaO,) and the inspired fraction of
oxygen (FiO,) (P/F) was calculated, and a value
<200 was considered an index of severe respiratory
distress.

Statistical Analysis

Data were summarized with numbers and percent-
ages, mean x standard deviation. Continuous
variables were compared using a two-tailed unpaired
t-test or, for asymmetrically distributed data, the
Mann-Whitney test, as appropriate after testing for
normality with Shapiro-Wilk’s test. Fisher’s exact
test was used to compare categorical variables. Due
to the high dispersion of the results, IL-6 log10 value
was used in the analysis. Correlations among vari-
ables were evaluated with Spearman’s correlation
test (r). A P-value of <.0S was considered statisti-
cally significant. Statistical analyses were performed
using OriginPro (OriginPro 7.0, Microcal, USA).
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TABLE 1. Clinical Characteristics of the Patients With COVID-19
Pneumonia Who Performed Lung Ultrasound

Number 26
Males/females 23/3
Age (y) 66 + 15
Diabetes/hypertension/cardiovascular disease 5/20/14

>1 risk factor 22

> 2 risk factors 16
Days from illness onset to LUS and CT 34+14
Signs and symptoms (%)

Fever 100

Dyspnea 100

Cough 80

Fatigue 80
Laboratory findings

Lymphocytes count (107°/L) 1.07 + 0.54

p-dimer 2988 + 1956

CRP 78 £56

IL-6 617 + 157
Outcome

Death 3

Discharged home alive 23

CRP indicates C-reactive protein; CT, computed tomography; IL-6,
Interleukin-6; LUS, lung ultrasound.

Results

A total of 26 patients were included in the study and
performed LUS. None of them were receiving
mechanical ventilation. Table 1 shows the main
demographic and clinical characteristics of this study
group. Twenty-one patients also had chest CT scan
within 24 hours from LUS. Due to their clinical his-
tory of co-existence of worsening of heart failure, con-
firmed by cardiac echocardiography, and blood
B-type natriuretic peptide levels, three patients (age
43, 89, and 72 years, all males) were excluded from
the final cohort, leaving 23 patients who underwent
LUS, and 18 who received both LUS and chest
CT. Five patients could not perform CT scan for
technical problems and were not included in the com-
parative analyses. LUS was performed 34 + 14 days
from symptoms onset (range, 7-48 days). The latter
was defined by the first COVID-19 symptom
reported before hospitalization and ER evaluation. In
two patients, the LUS was repeated 1 week after the
first test for clinical reasons. The first patient (male,
74 years old) showed a rapidly worsening clinical sta-
tus and eventually died. The second one (male,
89 years old) slowly recovered, and he was discharged
alive and well after two more weeks. The time from

FIGURE 1. Correlation between computed tomography score and
lung ultrasound score, including pleural abnormalities, that is, the
“p” score.

CT scoreand LUS «p score»

25

20

@
S
S 15
%
o
v 10
=]
—
| R=.57
5 ] P<.05
|
|
]
[} 5 10 15 20 25

CT score

FIGURE 2. Correlation between B-lines score and interleukin-6
blood levels.
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symptoms onset to the echo test did not relate either
with the type or severity of the lesions observed with
LUS or with CT scan.

We found LUS abnormalities all over the lung
parenchyma in our patients. However, there was a
tendency of the lesions to prevail in the posterior-
basal areas of both lungs, and to be slightly more evi-
dent in the right lung (221 of 368 affected lung seg-
ments, of them 60% being in the right posterior-basal
lobe). We examined 368 lung segments, and we
found many different types of lesions (some of them
coexisting in the same patient): rough and

J Ultrasound Med 2021; 9999:1-9
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TABLE 2. Demographic and Clinical Differences Between Patients According to the Severity of Their Respiratory Conditions

All P/F 2200 P/F <200

Number 23 13 10
Males/females 20/3 11/2 9/1
Age (y) 66 + 14 62 4+ 15 71+ 14
Diabetes/hypertension/cardiovascular disease 7/21/11 2/11/7 5/10/4

>1 risk factor 21 10 1

>2 risk factors 17 8 9
Days from illness onset to LUS 34+ 14 29+ 15 35+ 16
P/F value 236 £ 106 280 + 63 159 + 84+
Global LUS score 175+76 133+52 237 £ 71*

LUS B-lines score 154 +6.6 126+51 205 £ 5.9*

LUS p-score 12.6 + 6.8 97 +5.6 175 + 6%

LUS segments involved 105+41 84+29 143 +2.8*
Global CT score 121+63 102 +£71 13.3 +£ 6.0*

CT segments involved 52+15 47+ 18 6.0+0
Signs and symptoms (%)

Fever 100 100 100

Dyspnea 100 100 100

Cough 70 62 80

Fatigue 74 69 80
Laboratory findings

Lymphocytes count (10~°/L) 0.98 + 0.59 115 + 0.59 0.88 + 0.60*

p-dimer 2933 + 3634 1931 + 1245 4223 + 2935%*

HS-CRP 84+61 75+51 92+70

IL-6 75 +118 27 +18 124 + 117*
Outcome

Death 3 0 3

Discharged 20 13 7

CT indicates computed tomography; HS-CRP, high sensitivity C-reactive protein; IL-6, interleukin-6; LUS, lung ultrasound; P/F, ratio between

the arterial oxygen pressure and the inspired fraction of oxygen.
*P < .05 between groups.

discontinuous pleural lines (165/368 segments), sub-
pleural consolidation (100/368 segments), air bron-
chogram sign or air bronchiologram sign in subpleural
consolidation  (20/368 segments), visible B lines
(195/368 segments), localized pleural thickening
(55/368 segments), and localized pleural effusion
(19/368 segments).

The correlation between total LUS and chest CT
scores was weak (r = 0.45, P = .049). However, it
increased when CT score was compared with the “p”
score only (i.e. when B-lines and subpleural consoli-
dations were both present) (r = 0.57, P = .024)
(Figure 1).

No relationship was observed between CT score
and any of the inflammation markers (IL-6, fibrino-
gen, and HS-CRP levels). Conversely, the IL-6 levels
were positively and significantly correlated with the
B-lines score obtained with LUS (r = 0.75, P = .011)

(Figure 2).

J Ultrasound Med 2021; 9999:1-9

Patients with severe respiratory impairment (P/F
ratio less than 200) who were older than patients with
P/F ratio >200 showed a lower number of lympho-
cytes in the venous blood, and the levels of p-dimer
and IL-6 were significantly higher than in those with
less-severe disease. Moreover, patients with P/F ratio
<200 showed higher LUS and CT scores (Table 2). A
negative correlation was observed between P/F values
and the number of abnormal lung segments on LUS
(r = 0.60, P = .019) (Figure 3). Whereas, no relation-
ship was observed between P/F values and CT score
(r = —0.16, P = .52), or the number of abnormal lung
segments on CT scan (r = —0.93, P = .12).

In the two patients in whom LUS was repeated
after 1 week, there was a divergent evolution of the
lung abnormalities. In the patient who died a few days
after being tested, HS-CRP was 2.57 mg/dl in the
first evaluation and decreased to 0.56 mg/dl, the total
LUS score increased from 21 to 26, and the B-lines



Fratianni et al—Lung Ultrasound in Patients With SARS-COV-2 Pneumonia

FIGURE 3. Correlation between total lung segments involved in
lung ultrasound analysis and P/F at blood gas tests.
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score increased from 18 to 23. Moreover, the number
of lung segments involved increased (from 11 to 16)
and the sub-pleural consolidations became visible in
all 16 segments. Conversely, in the patient who
improved and was eventually discharged at home,
HS-CRP decreased from 11.4 to 0.93 mg\dl after
7 days, the total LUS score decreased from 37 to
28, the B-lines score decreased from 28 to 16, and the
number of lung segments involved remained stable
(14 and 13). However, there was a remarkable reduc-
tion of the extent of the sub-pleural consolidations
(being present in all 16 lung segments at first exami-
nation and in only S segments in the second test).
Unfortunately, CT scan was not performed in these
two patients during the follow-up.

Discussion

Our data show that LUS, performed during the hos-
pitalization for COVID-19 pneumonia, can detect
the occurrence of lung damage, and provide semi-
quantitative indices related to clinical markers of
disease severity. In particular, we show that LUS
can clearly identify signs of interstitial-alveolar dam-
age in patients with mild-to-severe COVID-19
pneumonia. These signs include diffuse pleural line
abnormalities, sub-pleural consolidations, white
lung areas, and thick, irregular vertical abnormali-
ties. We also show that these LUS abnormalities

were associated with clinical response. Indeed,
while some LUS patterns (such as B-lines presence)
were strictly related to laboratory markers of cyto-
kine’s pathway activation, in particular, with an
increase in IL-6, other LUS abnormalities (i.e. the
number of damaged lung segments) seemed to be
associated with the severity of respiratory
impairment.

Our findings provide additional evidence in sup-
port of the increasing use of LUS in the emergency
and intensive care settings for the bedside evaluation
of critically ill patients.”* Noticeably, use of this
approach in the evaluation of suspected or confirmed
SARS-CoV-2 patients (and in general during high-risk
infectious disease outbreaks) offers several potential
advantages.">'**° Lung images can be obtained at bed-
side, while the use of traditional imaging such as chest
CT scan require the patient to be moved to the radiol-
ogy unit with the potential exposure of several people
to the risk of infection.”’ Regular repetitions of LUS
may add relevant information on the degree of lung tis-
sue involvement in the clinical course of the disease,
helping in treatment decisions and limiting the need
for chest X-ray and CT scan repetition,** at the same
time providing prognostic markers, as shown in our
two patients who had LUS repeated during their hospi-
tal stay and in a recent case report.”®

The three complementary LUS scores used in our
study highlighted different pathophysiologic aspects of
COVID pneumonia. The global score unquestionably
reflected the global lung damage. On the other hand, the
B-lines score might assess the extension of the interstitial
damage before the lung consolidation takes place. Indeed,
in our cohort, this score was significantly related to the
levels of IL-6, whose high levels are thought to reflect the
inflammatory state of the lungs.”**” Thus, high density of
B-lines evaluated by LUS in association with increasing
levels of IL-6 may represent an early marker of an ongo-
ing interstitial damage consequent to a severe inflamma-
tory process affecting the lungs. Consisting with our
results, in mechanical ventilated subjects in the ICU,
LUS score correlated with gas exchange and IL-6 plasma
concentration.”® Recently, in a multicenter study, LUS
represented a strong independent predictor of CRP posi-
tivity (odds ratio 4.2, confidence interval 2.6-6.7,
P < .0001).”® Early identification of the inflammatory cas-
cade activation has been shown to have implications for
clinical decisions, such as the use of Tocilizumab or

J Ultrasound Med 2021; 9999:1-9
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similar IL, modulators®®>" and dexamethasone.>* On the
other hand, independently of the severity of the lesions
observed, the number of lung segments involved was sig-
nificantly higher in patients showing severe acute respira-
tory distress syndrome, suggesting that also the degree of
lung infection diffusion may be a threat to patients’ life.
Despite the small sample size, consistently with Bonadia
et al, we also showed that a larger proportion of lung area
involved by COVID-19 pneumonia assessed by LUS was
typical of patients with worst prognosis.”®

Comparison LUS and Chest CT

It has already been stated that LUS is a highly sensi-
tive technique. In a recent report by Lieveld et al,
comparing LUS and CT scan for the diagnosis of
COVID-19 pneumonia, sensitivity and specificity for
LUS were 91.9% and 71.0% versus 88.4% and 82.0%
for CT, respectively,>* making them almost superim-
posable for COVID-19 diagnosis.

As a matter of fact, some patterns at LUS are indic-
ative of pulmonary alteration, but are not disease-spe-
cific®’ As an example, the presence of B-lines is
reported in several other pathologies in addition to
COVID-19, such as pulmonary edema, interstitial fibro-
sis, and asthma.>® Indeed, when the presence of B lines
was associated with pleural abnormalities, and only the
“p” LUS score was taken into account, the relationship
between the two methods became more evident.

The aim of this report, however, was not a compari-
son of the two techniques for the diagnosis of COVID-19
pneumonia. Due to the health care organization require-
ments in our region, our patients were studied about
1 month from the beginning of their symptoms, and they
were still seriously ill. In such a condition, LUS and CT
scans were performed as an aid to the clinical follow-up
and therapeutic decisions. In this specific and yet
undescribed clinical setting, the LUS and CT scores were
both related to the severity of respiratory impairment, as
recently shown in a similar study in artificially ventilated
patients.*® However, LUS seemed superior to CT in the
detection of interstitial abnormalities linked to cytokine
activation,”” while CT scan-related scores would not easily
detect these inflammatory-related interstitial fluid changes.
Characterized by more accurate tissue density resolution,
LUS is highly sensitive to changes in lungs balance
between air and fluids. COVID-19 pneumonia is known
to be characterized by alveolar-interstitial damage with
inflammatory exudation and edema, which can be detected

J Ultrasound Med 2021; 9999:1-9

as B-lines by LUS. Differently, CT scan might miss early
detection of inflammation-related lung water changes. Our
results showing a better correlation of inflammatory
markers with LUS rather than with CT support this
hypothesis. Indeed, our findings are in line with the already
reported higher sensitivity of LUS with respect to CT.>***

Another peculiar and favorable feature of our
study is the evaluation of COVID-19 patients during
the hospitalization but after the first evaluation in the
ER, which has allowed us to highlight the importance
of LUS in the evaluation of lung lesions during the
hospitalization.

Limitations
A few limitations of our study have to be acknowledged.
First, the sample size of our study is relatively small.
This limited size was determined by the emergency con-
ditions in our region in which we were operating during
this pandemic. This unavoidable limitation, has, how-
ever, also offered us the possibility to perform a real-life
evaluation of hospitalized patients selectively in a post-
acute stage of COVID-19 pneumonia over a 2 weeks’
period. In spite of the difficult conditions under which
our data were collected due to the health emergency
related to COVID-19 outbreak in Northern Italy last
Spring, we have nevertheless been able to provide the
diagnostic value of LUS, and of the clinical relevance of
the indices it can yield.

Given that our results were selectively derived from
patients during the hospitalization, our results are not
generalizable to all stages of COVID-19 pneumonia.

Conclusions

LUS may serve as an easy-to-use bedside tool to
improve the evaluation of lung involvement in COVID-
19 pneumonia. It is a valuable alternative to lung CT
and it may help in easily following the evolution of the
disease. Our findings should stimulate their confirmation
in larger groups of patients.
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