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Abstract

Background: Point-of-care lung ultrasound (LUS) score is a
semiquantitative score of lung damage severity. High-reso-
lution computed tomography (HRCT) is the gold standard
method to evaluate the severity of lung involvement from
the novel coronavirus disease (COVID-19). Few studies have
investigated the clinical significance of LUS and HRCT scores
in patients with COVID-19. Therefore, the aim of this study
was to evaluate the prognostic yield of LUS and of HRCT in
COVID-19 patients. Methods: We carried out a multicenter,
retrospective study aimed at evaluating the prognostic yield
of LUS and HRCT by exploring the survival curve of COVID-19
inpatients. LUS and chest CT scores were calculated retro-
spectively by 2 radiologists with >10 years of experience in

chestimaging, and the decisions were reached in consensus.
LUS score was calculated on the basis of the presence or not
of pleural line abnormalities, B-lines, and lung consolida-
tions. The total score (range 0-36) was obtained from the
sum of the highest scores obtained in each region. CT score
was calculated for each of the 5 lobes considering the ana-
tomical extension according to the percentage parenchymal
involvement. The resulting overall global semiquantitative
CT score was the sum of each single lobar score and ranged
from 0 (no involvement) to 25 (maximum involvement). Re-
sults: One hundred fifty-three COVID-19 inpatients (mean
age 65 £ 15 years; 65% M), including 23 (15%) in-hospital
deaths for any cause over a mean follow-up of 14 days were
included. Mean LUS and CT scores were 19+ 12and 10 £ 7,
respectively. A strong positive linear correlation between
LUS and CT scores (Pearson correlation r = 0.754; R? = 0.568;
p < 0.001) was observed. By ROC curve analysis, the optimal
cut-point for mortality prediction was 20 for LUS score and
4.5 for chest CT score. According to Kaplan-Meier survival
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analysis, in-hospital mortality significantly increased among
COVID-19 patients presenting with an LUS score >20 (log-
rank 0.003; HR 9.87, 95% Cl: 2.22-43.83) or a chest CT score
>4.5 (HR 4.34, 95% Cl: 0.97-19.41). At multivariate Cox re-
gression analysis, LUS score was the sole independent pre-
dictor of in-hospital mortality yielding an adjusted HR of 7.42
(95% Cl: 1.59-34.5). Conclusion: LUS score is useful to strat-
ify the risk in COVID-19 patients, predicting those that are at
high risk of mortality. ©2021S. Karger AG, Basel

Introduction

At the end of December 2019, an anomalous cluster of
pneumonia was identified in China. The causative agent
was identified as a novel coronavirus (SARS-CoV-2), and
the outbreak has been declared as a public health emer-
gency issue of international concern by the WHO. The
rapid spread and high morbidity make this disease one of
the most serious calamities of the last centuries [1].

The diagnosis of infection is made possible by the use
of a nasopharyngeal swab, and high-resolution chest
computed tomography (HRCT) is considered the gold
standard to detect the damage and to evaluate the sever-
ity of lung involvement from the novel coronavirus dis-
ease (COVID-19) [2]. Different scores are being studied
to evaluate the severity degree of lung involvement. The
CT severity score proposed by Pan et al. [3] is useful to
quantify the burden of pulmonary disease from CO-
VID-19.

Point-of-care lung ultrasound (LUS) is emerging as a
reliable tool to evaluate the damage extension from CO-
VID-19 [4]. The LUS score is a semiquantitative score of
lung damage severity based on the presence of findings
such as pleural line abnormalities, B-lines, and lung con-
solidations. Few studies have hitherto investigated the
clinical significance in terms of prognostic value of the
LUS and HRCT scores in patients with COVID-19 [5].
Therefore, the aim of this study was to evaluate the prog-
nostic yield of LUS and HRCT in COVID-19 patients, by
calculating LUS and CT scores and by exploring the sur-
vival curve of COVID-19 inpatients.

Methods

Design of the Study

We carried out a multicenter, retrospective study aimed at eval-
uating the prognostic yield of LUS and HRCT in COVID-19 inpa-
tients. The outcome was evaluated in all discharged patients versus
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those who died in the hospital. All medical records of patients with
suspected SARS-CoV-2 infection and then confirmed by oropha-
ryngeal swab and hospitalized in 2 medical departments in Italy,
in the period March-May 2020, were analyzed. All the results re-
garding clinical and laboratory data, ultrasound tests, and pulmo-
nary CT (performed in the first 48-72 h from the department ad-
mission) were analyzed retrospectively and aggregated anony-
mously.

Study Population

We included all consecutive COVID-19 inpatients aged >18
years who underwent point-of-care LUS and chest CT on the same
day between March 2020 and May 2020. Patients affected with ac-
tive neoplasia were not deemed eligible.

Clinical information about symptoms, physical examination,
major comorbidities, and cardiovascular risk factors was recorded.
Furthermore, data about laboratory findings and positivity of oro-
pharyngeal swab were acquired.

Lung Ultrasound

All patients underwent standard LUS using conventional ultra-
sound systems (Esaote MyLab™ Sigma and E-cube i7 Alpinion)
with a convex low-frequency probe to scan lung parenchyma and
a linear high-frequency probe to scan pleural area, in agreement
with the standardized acquisition protocol [6] which provides the
acquisition of 12 standard areas in patients able to maintain a sit-
ting position (2 posterior, 2 lateral, and 2 anterior), based on stan-
dard sequence of evaluations using landmarks on chest anatomic
lines.

In patients not able to maintain the sitting position and in pa-
tients on invasive ventilation, the posterior areas could be difficult
to evaluate. In these cases, the operator will acquire a partial view
of the posterior basal areas and start the echographic assessment
from the lateral scanning areas on the midaxillary line below the
internipple line.

The severity of lung findings was described numerically with
the LUS score based on a reproducible and validated algorithm.
LUS score was calculated retrospectively by 2 radiologists with >10
years of experience in chest imaging, and the decisions were
reached in consensus. Each zone has been scored as follows:

o Score 0: the pleural line is continuous and regular and presence
of A-lines (Fig. 1al, a2);

o Score 1: the pleural line is indented and presence of multiple
well-spaced B-lines (Fig. 1b2);

o Score 2: presence of coalescent B-lines with small to large sub-
pleural consolidations (Fig. 1c1);

o Score 3: presence of dense and largely extended white lungs

(Fig. 1c2) with or without lung consolidation.

The total score (range 0-36) was obtained from the sum of the
highest scores obtained in each region.

Chest CT

Low-dose, unenhanced chest spiral, ungated CT scans for sus-
pected COVID-19 were acquired on 2 different CT scanners: an
80-slice system (Aquilion Prime; Canon Medical Systems Coop-
eration, Otowara, Japan) and a 128-slice system (Somatom Defini-
tion Edge; Siemens Healthineers, Erlangen, Germany). Scan pa-
rameters for Aquilion Prime included tube voltage 100 kV, auto-
matic tube current (mAs) modulation, slice thickness 1 mm, and
slice increment 0.8 mm. Scan parameters for Somatom Definition
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Fig. 1. Typical LUS findings obtained with linear (first column) and convex (second column) and corresponding
axial unenhanced chest CT images (third column) of COVID-19 patients with various LUS scores. Lung images
of a patient with a low LUS score (a); normal pleural line (yellow arrows) and focally visible B-line artifacts (red
arrow) (a1, a2); corresponding lung CT scan showing focal area of ground-glass opacity (blue arrow) (a3). Lung
images of a patient with a moderate LUS score (b); irregular pleural line and B-line (red arrows) (b1, b2); cor-
responding lung CT scan showing bilateral peripherally located ground-glass opacities (blue arrows) (b3). Lung
images of a patient with a high LUS score (c); broken pleural line (yellow arrows), and below the breaking point,
there is a subpleural consolidation (darker area) (green arrow) (c1); largely extended white lung (*) (c2); corre-
sponding lung CT scan showing large consolidated areas (orange arrows) (¢3). LUS, lung ultrasound; CT, com-

puted tomography.

Edge included tube voltage 120 Kv, automatic tube current (mAs)
modulation, slice thickness 1 mm, and slice increment 0.8 mm.
All CT scans (from the lung apex to the costophrenic angle)
were successfully acquired during a single inspiratory breath-hold,
using the HRCT technique based on thin sections and high-spatial
resolution kernel to improve lung parenchymal anatomical details.
The standard glossary for thoracic imaging presented by the
Fleischner Society and that defines abnormal radiological findings
such as pulmonary consolidation, ground-glass opacity, and cra-
zy-paving pattern was used [7]. The diagnosis of COVID-19 pneu-

The ECOVID Study

monia was based on the presence of consolidation (Fig. 1c3),
ground-glass opacity (Fig. 1a3), and crazy-paving pattern (Fig. 1b3)
according to previous studies [8, 9].

The CT severity score proposed by Pan et al. 3] was calculated
for each of the 5 lobes considering the anatomical extension as fol-
lows: no involvement = 0; <5% involvement = 1; 5-25% involve-
ment = 2; 26-50% involvement = 3; 51-75% involvement = 4; and
>75% involvement = 5. The resulting overall global semiquantita-
tive CT score was the sum of each single lobar score and ranged
from 0 (no involvement) to 25 (maximum involvement). Blinded
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Table 1. Demographic and clinical characteristics of the ECOVID population

Covariate Overall (n =153) Survivors (n=130) Deceased (n=23) p value
Age, years 65+15 64+15 72+11 0.014
Male sex, n (%) 98 (65) 81 (63) 17 (74) 0.305
COVID-19 pneumonia 124 (80) 101 (77) 23 (100) 0.012
Fever, n (%) 111 (72) 91 (70) 20 (87) 0.093
Cough, n (%) 112 (73) 91 (70) 21(93) 0.033
GI tract symptoms, 1 (%) 12 (8) 10 (8) 2(9) 0.869
Dyspnea, 1 (%) 107 (69) 85 (65) 22 (96) 0.004
Tachycardia, n (%) 81 (53) 59 (45) 22 (96) <0.001
Hypertension, n (%) 114 (75) 96 (74) 18 (78) 0.847
Diabetes, n (%) 38 (25) 28 (21) 10 (43) 0.157
Atrial fibrillation, n (%) 14 (9) 9(7) 5(22) 0.071
Prevalent CAD, 1 (%) 40 (27) 26 (20) 14 (61) <0.001
Prevalent stroke, n (%) 18 (12) 14 (11) 4(17) 0.364
Dementia, 1 (%) 36 (23) 26 (20) 9 (39) 0.044
COPD, n (%) 61 (40) 45 (35) 16 (70) 0.002
Current smoker, 1 (%) 60 (39) 48 (37) 11 (48) 0.394
Obesity, 1 (%) 40 (28) 33 (38) 7 (30) 0.607
Chronic liver disease, 1 (%) 20 (13) 16 (12) 4 (17) 0.911
CKD, 1 (%) 42 (30) 31(26) 11 (48) 0.041
Creatinine, mg/dL 1.3+1.4 1.3+1.4 1.5+1.3 0.432
CRP, mg/L 7.4+7 7.1£7.6 8.9+£5.9 0.280
D-dimer, ng/mL 1.330 (2,760) 1,170 (2,020) 3,599 (3,110) 0.002
LDH, U/L 314 (218) 285 (188) 378 (284) 0.014
LUS score 19+12 17112 27+6 <0.001
LUS score =220, n (%) 88 (57) 67 (51) 21(91) <0.001
Chest CT score 1017 1017 12+6 0.465
Chest CT score >4, n (%) 113 (73) 92 (71) 21(91) 0.039

CA, coronary artery disease; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease;
CRP, C-reactive protein; CT, computed tomography; LUS, lung ultrasound; GI, gastrointestinal.

to official reports, 2 radiologists with >10 years of experience in
chest imaging retrospectively reviewed all the lung parenchymal
CT scans, and the decisions were reached in consensus.

Statistical Analysis

The normality of distribution of the parameters was assessed
by the Kolmogorov-Smirnov test. Continuous variables with nor-
mal distribution were described as mean + SD and nonnormal
variables with median (interquartile range). Categorical variables
were expressed as frequencies and percentages. For continuous
values with normal distribution, comparisons between groups
were made by the independent-samples ¢ test. Wilcoxon’s signed
rank test was applied for continuous values with nonnormal dis-
tribution. x? testing was performed for noncontinuous variables.
One-way ANOVA test was used for group differences in continu-
ous variables while Pearson’s 2 test was used for group differenc-
es in categorical variables. ROC curve analysis was performed in
order to derive the optimal cut-point of LUS and CT scores for
mortality prediction. Then, time-to-event analysis by Kaplan-Mei-
er estimator and log-rank test was performed. The follow-up time
was estimated as the time between hospital admission and date of
in-hospital death or discharge. There were no missing values for
survival status.
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The Schoenfeld residuals test was used to check the propor-
tional hazards assumption. Hazard ratios (HR) with 95% confi-
dence intervals (CIs) were computed from Cox models to estimate
the magnitude of the increased risk of death by LUS and CT scores.
The selection of confounding variables for adjustment was based
on the identification of risk factors for measured outcomes, further
encompassing clinical meaningful variables due to biological plau-
sibility to interact with the observed effect size estimates [10]. All
multivariate models were therefore adjusted for the following po-
tential confounders: age, gender, creatinine, and D-dimer. All cal-
culations were performed using the Wizard 2 statistical software
version 2.0.4 for Mac. All tests were 2-sided, and a p value <0.05
was considered statistically significant.

Results

ECOVID Study Population

We collected complete clinical, radiological, and out-
come information of 153 COVID-19 inpatients (mean
age 65 * 15 years; 65% male sex) and recorded 23 (15%)

Tana et al.
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Fig. 3. LUS score by chest CT score subgroups. a LUS score was significantly higher in the subgroup of patients
presenting with chest CT score 218 compared with the subgroup with chest CT score <18. b LUS score by chest
CT score quartiles. LUS score increased significantly across quartiles of chest CT score. LUS, lung ultrasound;
CT, computed tomography.
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Fig. 4. Chest CT and LUS score by survivorship status. Chest CT score was similar between survivor and deceased
COVID-19 inpatients. LUS score was significantly higher in deceased COVID-19 inpatients compared with sur-
vivors. LUS, lung ultrasound; CT, computed tomography.

in-hospital deaths for any cause over a mean follow-up of
14 days (range 1-32 days). Demographic and clinical
characteristics of the ECOVID study cohort are summa-
rized in Table 1. Compared with survivors, deceased pa-
tients were significantly older, had more often a history
of coronary artery disease, dementia, COPD, and chron-
ic kidney disease, presented more frequently with overt
COVID-19 pneumonia, and were more symptomatic
upon admission (tachycardia, cough, and dyspnea); de-
ceased patients presented also with higher LDH and D-
dimer levels.

Chest Imaging

All patients underwent LUS and chest CT on the same
day. In our cohort, mean LUS score was 19 + 12, and
mean chest CT score was 10 + 7. A strong positive linear
correlation between LUS and CT scores (Pearson correla-
tion r=0.754; R* = 0.568; p < 0.001) was observed (Fig. 2).
LUS score was significantly higher in the subgroup of pa-
tients presenting with chest CT score 218 compared with
the subgroup with chest CT score <18 and across quar-
tiles of chest CT scores (Fig. 3). Compared with survivors,
deceased patients had significantly higher LUS score (27
£ 6vs. 17 + 12; p < 0.001) but similar chest CT score (12
+6vs. 10 = 7; p = 0.465) on admission (Fig. 4).
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Survival Analysis

By ROC curve analysis, the optimal cut-point for mor-
tality prediction was 20 for LUS score and 4.5 for chest
CT score (see online suppl. Fig. 1; for all online suppl.
material, see www.karger.com/doi/10.1159/000518516).
According to Kaplan-Meier survival analysis, in-hospital
mortality significantly increased among COVID-19 pa-
tients presenting with an LUS score 220 (log-rank 0.003;
HR 9.87, 95% CI: 2.22-43.83) or a chest CT score >4.5
(HR 4.34, 95% CI: 0.97-19.41) (Fig. 5). At multivariate
Cox regression analysis, LUS score was the sole indepen-
dent predictor of in-hospital mortality yielding an adjust-
ed HR of 7.42 (95% CI: 1.59-34.5) (Fig. 5).

Discussion

In this study, we found that LUS score is a valuable tool
not only to reveal the presence of and quantify the paren-
chymal damage from the SARS-CoV-2 infection but also
for predicting clinical deterioration and mortality in CO-
VID-19 in patients. COVID-19 pneumonia can show a
plethora of ultrasound abnormalities, such as B-lines, pleu-
ral line abnormalities, significant consolidations and bilat-
eral involvement, expression of deep parenchymal dam-
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Fig. 5. Kaplan-Meier survival analysis. a Kaplan-Meier survival curve by levels of LUS score. LUS score >20 upon
admission was associated with significantly higher in-hospital mortality. b KM curve by levels of CT score. Chest
CT score >4.5 upon admission was associated with significantly higher in-hospital mortality. Percentage of sur-
vival is expressed on the y-axis, while time elapsed (days) of the observation period is expressed on the x-axis.
HR, hazard ratio; aHR, hazard ratio adjusted for age, sex, D-dimer, and renal function; LUS, lung ultrasound;

CT, computed tomography.

age, and impairment [11, 12]. Beyond the LUS usefulness
in terms of diagnostic yield, LUS seems to be effective also
to predict the patient’s outcome. Few studies have investi-
gated the prognostic significance of LUS score in CO-
VID-19 patients so far. Recently, LUS score has demon-
strated to be useful for predicting adverse outcomes, ICU
admission, and endotracheal intubation in COVID-19 pa-
tients that manifest overt parenchymal alterations [13].
Lichter et al. [14] have recently found that pathological
LUS findings are associated with the need for noninvasive
mechanic ventilation and clinical deterioration in terms
of risk of loss of aeration in anterior lung segments, for a

The ECOVID Study

total LUS score >18, that was the optimal cutoff point
compared to alower LUS score ranging between 0 and 18.
However, prediction accuracy for this cutoff was lower
(sensitivity = 62%) [14]. A cutoff of 20 seems to be more
sensitive to predict the in-hospital mortality from CO-
VID-19 pneumonia. Such cutoff could be useful to pre-
dict the risk of clinical deterioration to those presenting a
significant quote of parenchymal damage that can lead to
adverse outcome and death. Such data are in line with the
recent findings of Tombini et al. [12], who found that a
cutoff of 20 significantly predicted adverse events such as
endotracheal intubation and adverse outcomes.
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In our study, the finding of a positive and linear cor-
relation between LUS and chest CT score confirms that
both parameters can be useful to quantify the parenchy-
mal impairment with accuracy and predict adverse out-
comes in COVID-19 patients, where a significant in-
crease in LUS score can be shown between groups with
chest CT score 218 versus <18 and across quartiles. Previ-
ously, Nouvenne et al. [15]demonstrated a significant
correlation between LUS and a different visual CT scor-
ing in a smaller sample size (r = 0.65, p < 0.001). In this
study, we used the score suggested by Pan et al. [3] that is
based on a percentage tissue involvement, in order to try
to define more accurately the parenchymal impairment
from the SARS-CoV-2 infection.

Zhu et al. [16] reported a good correlation between
LUS and chest CT score (r = 0.82, p < 0.001) in a small
population of COVID-19 patients with pneumonia of dif-
ferent severity degree and a significant negative correla-
tion with the respiratory rate oxygenation index on the
first (r = —0.85, p < 0.001) versus second and third week
after symptom onset (r = -0.71, p < 0.001, and r = -0.76,
p <0.001, respectively), confirming the usefulness of LUS
in assessing severity of COVID-19 pneumonia both in
critically and noncritically ill patients [16]. The diagnos-
tic efficacy of bedside US is significantly high for patients
with severe form of the disease. LUS score is particularly
important for the noninvasive assessment and dynamic
observation of lung lesions [17].

The recent report of Dargent et al. [18] has found a
good capability of LUS score to follow the parenchymal
damage over time and to monitor the pneumonia evolu-
tion. Increasing LUS score values were associated with
evolution to refractory hypoxemia, ventilator-associated
pneumonia, and intubation and vice versa LUS score de-
creased in extubated patients, with a good agreement be-
tween CT scans and LUS. Although the sample size was
small, these data have first suggested the importance of
LUS to monitor the pneumonia evolution during the hos-
pital stay, avoiding unnecessary further HRCT examina-
tion and exposure to radiation because LUS can be easily
repeated at patient’s bed, without the need to move the
patient from one department to another [18].

In our study, we found that the LUS score has a sig-
nificant predictive value of in-hospital mortality also at a
multivariate analysis. LUS score was indeed significantly
higher in deceased COVID-19 inpatients as compared
with survivors, differently from the chest CT score that
was similar between the 2 groups. Previously, chest CT
score proved useful to predict patient’s mortality in the
short-term follow-up. Francone et al. [19] have demon-
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strated also a positive correlation with clinical parameters
such as age, inflammatory biomarkers, and severity of
clinical categories.

It is widely debated which method should be employed
as the first-line exam in the routine evaluation of CO-
VID-19 patients. Chest CT is largely accepted as the first-
line method in most COVID-19 hospitals for evaluating
patients presenting with respiratory failure at the symp-
tom onset because it can be useful to quantify the paren-
chymal damage at the time zero and to give first indica-
tions for the patient’s treatment. Furthermore, it is em-
ployed to monitor the evolution of lung damage from
admission to recovery [3]. However, unlike ultrasound,
HRCT involves a greater expenditure in terms of time, re-
sources, need of sanitizing machines, and to move unsta-
ble patients from the clinical to the radiological setting for
the image acquisition, with a consequent increased risk of
infection [20]. LUS has several advantages compared to
HRCT such as low cost, no radiation exposure, rapidity of
image acquisition, and execution at the patient’s point of
care, all factors that are important in some conditions of
urgency such as clinical and/or respiratory deterioration
which it makes necessary the use of a noninvasive or (in
worst cases) invasive respiratory support [21-23].

Strengths and Limitations

Our study has strengths and limitations. Strengths are
(i) the robustness of the data obtained from a large, real-
life, adult general population, where ill COVID-19 indi-
viduals with pneumonia were included; (ii) the reliability
of collected data from both US and CT imaging in all pa-
tients. Limitations include the risk of inclusion bias and
residual confounding, the lack of adjustment for all poten-
tial confounders, and the lack of important pieces of in-
formation such as respiratory exchanges measured with
fractional inspired oxygen concentration and respiratory
support. Further, we were not able to weigh the burden of
comorbidities of our population, for example, by the age-
adjusted Charlson Comorbidity Index, as such an index
requires baseline information that was not available in our
multicenter dataset. Finally, bearing in mind the real-
world emergency setting and the lack of robust and reli-
able data from the previous literature to calculate the sam-
ple size at intended power, our study was based on a con-
venience sample size; hence, our findings should be
interpreted as hypothesis generating. It is also important
considering that our results are linked to the prevalence of
the disease, which was particularly high during the first
wave of the pandemic; therefore, with lower prevalence,
the significance of our analysis needs to be revisited.
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Conclusions

LUS is a low-cost, fast, and noninvasive alternative to
HRCT both for the first-line evaluation of COVID-19 pa-
tients and for monitoring the evolution of lung damage,
avoiding the patient’s exposure to repeated radiations
with optimization of patient evaluation and follow-up.
LUS score can be useful for stratification of the risk of
death in COVID-19 patients, predicting those who can be
at the highest risk of mortality and therefore in need of
active and closer surveillance. Future studies could be ad-
dressed to the outpatient setting because LUS could be of
particular utility in the primary care setting due to the
HRCT unavailability and to screen those patients who are
at the highest risk of deterioration, who could benefit
from an early hospital admission.
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