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ABSTRACT

Introduction: Severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) outbreaks
have led to massive admissions to intensive care
units (ICUs). An ultrasound examination of the

thorax is widely performed on admission in
these patients. The primary objective of our
study was to assess the performance of the lung
ultrasound score (LUS) on ICU admission to
predict the 28-day mortality rate in patients
with SARS-CoV-2. The secondary objective was
to asses the performance of thoracic ultrasound
and biological markers of cardiac injury to pre-
dict mortality.Supplementary Information The online version

contains supplementary material available at https://
doi.org/10.1007/s12325-021-01702-0.
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Hôpitaux de Marseille, Nord Hospital, Marseille,
France
e-mail: gary.duclos@ap-hm.fr

F. Bazalguette � L. Muller
CHU de Nı̂mes-Caremeau, Service Réanimation et
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Methods: This multicentre, retrospective,
observational study was conducted in six ICUs
of four university hospitals in France from 15
March to 3 May 2020. Patients admitted to ICUs
because of SARS-CoV-2-related acute respiratory
failure and those who received an LUS exami-
nation at admission were included. The area
under the receiver-operating characteristics
(ROC) curve was determined for the LUS score
to predict the 28-day mortality rate. The same
analysis was performed for the Simplified Acute
Physiology Score, left ventricular ejection frac-
tion, cardiac output, brain natriuretic peptide
and ultra-sensitive troponin levels at admission.
Results: In 57 patients, the 28-day mortality
rate was 21%. The area under the ROC curve of
the LUS score value on ICU admission was 0.68
[95% CI 0.54–0.82; p = 0.05]. In non-intubated
patients on ICU admission (n = 40), the area
under the ROC curves was 0.84 [95% CI
0.70–0.97; p = 0.005]. The best cut-off of 22
corresponded to 85% specificity and 83%
sensitivity.
Conclusions: LUS scores on ICU admission for
SARS-CoV-2 did not efficiently predict the
28-day mortality rate. Performance was better
for non-intubated patients at admission. Per-
formance of biological cardiac markers may be
equivalent to the LUS score.

Keywords: Lung ultrasound score;
Echocardiography; SARS-CoV-2; Critical care

Key Summary Points

Why carry out this study?

SARS-CoV-2-related pneumonia severity is
correlated with the extent of lung injury

Point-of-care thorax examination is widely
performed during respiratory failure in
case of intensive care unit admission

Can the lung ultrasound score at intensive
care admission predict the 28-day
mortality of respiratory failure related to
SARS-CoV-2 pneumonia?

What was learned from the study?

The lung ultrasound score was not
efficient for predicting the 28-day
mortality rate on ICU admission in
intubated patients

The lung ultrasound score performed
better for non-intubated patients at
admission

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14179781.

INTRODUCTION

Since December 2019, the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2)
outbreak has led to massive admissions of
patients to intensive care units (ICUs) due to
acute respiratory failure [1, 2]. SARS-CoV-2-re-
lated acute respiratory failure is characterized by
a predominant and diffuse lung injury pattern.
The use of chest computed tomography (CT)
scans plays a key role in diagnosing, quantifying
and predicting the disease course [3–5].
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However, access to CT scans can be challenging
in patients at a high risk of viral transmission
[6–8]. In this context, point-of-care ultrasound
at the bedside may facilitate the management
that will now be widely used in clinical practice
to guide the management of acute respiratory
failure [9, 10]. Recently, lung ultrasound (LUS)
patterns of patients with SARS-CoV-2 were
described [11]. The findings revealed interstitial
and bilateral lesions with increasing severity of
B-lines for the most severely ill patients and the
systematic presence of pleural irregularity [11].
The LUS score is a validated and reliable mea-
sure to characterize the severity of lung injury
in acute respiratory failure [9, 12]. Moreover,
the LUS score has been associated with out-
comes [13, 14]. Moreover, ultrasonography can
reduce radiation exposure in the pediatric pop-
ulation and pregnant women [15, 16].

In the ICU, the complete LUS examination
associates the LUS score with transthoracic
echocardiography (TTE) [10, 17, 18]. TTE may
reveal cardiac dysfunction, which can worsen
the condition [19, 20]. Cardiac biomarkers
evaluated on ICU admission have been associ-
ated with poor outcomes but data regarding
initial echocardiographic evaluation on ICU
admission are not available [21, 22].

The primary objective of our study was to
assess the performance of the LUS score on ICU
admission to predict the 28-day mortality rate
in patients with SARS-CoV-2-related acute res-
piratory failure. The secondary objective was to
asses the performance of thoracic ultrasound
and biological markers of cardiac injry to pre-
dict mortality.

METHODS

Design

This is a multicentre, retrospective study of
standard care collected data in ICUs of four
university hospitals in France during the SARS-
CoV-2 pandemic from 15 March to 3 May 2020.
The article respected STROBE statements for
observational studies [23]. The study is ancillary
to a previously published study comparing the

LUS score and chest computed tomography of
lesions secondary to SARS-CoV-2 infection [24].

Ethical considerations

The study was approved by the Committee for
Research Ethics of the French Society of Anes-
thesia and Intensive Care Medicine (CERAR
IRB00010254-2020-062). In accordance with
French law, patients were informed regarding
the use of their data for publication [25, 26].

Population

We screened patients admitted to the ICU using
a polymerase chain reaction documented SARS-
CoV-2 carriage in a nasopharyngeal or broncho-
alveolar sample. Patients with acute respiratory
failure on ICU admission, defined as dyspnoea
associated with the need for oxygen ther-
apy C 3 l/min to maintain pulse oxime-
try C 94% and/or a respiratory rate C 35 bpm
and/or mechanical ventilation (either invasive
or not), were included [27], and patients with
an incomplete thoracic ultrasound examination
or if the examination was performed[ 2 h after
ICU admission were excluded. Demographic
data were extracted from institutional elec-
tronic medical files. Data of the thoracic ultra-
sound examination were prospectively recorded
in the electronic medical file of patients.

LUS score and echocardiographic
examination protocol

All LUS scores and echocardiographic exami-
nations were performed by the physician in
charge of the patient, according to the usual
care. Ultrasounds were performed by level 3
operators (LUS academic teacher with several
publications in the field or expert users with
daily practice after appropriate teaching)
[28, 29].

The thoracic ultrasound examination was
performed according to international guidelines
using a 12-region technique [9] (supplementary
Fig. 1). All LUS score calculations were per-
formed using an abdominal convex probe. The
LUS score assessed alveolar consolidation,
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interstitial syndrome, pneumothorax, pleural
effusion and pleural irregularity. The LUS score
was calculated as the sum of point values from
each scanning site (0: normal scan; 1: moderate
interstitial syndrome; 2: severe interstitial syn-
drome [multiple or coalescent B lines]; 3: alve-
olar consolidation) [9]. Example images are
provided in supplementary Fig. 1. The pleural
irregularity was a qualitative definition and an
estimation of the physician in charge, which
was not included in the calculation of the LUS
scores. A score from 0 to 36 was then calculated.
As described before, we classified acute respira-
tory distress syndrome (ARDS) as focal if the
LUS score was zero in at least four areas or as
diffuse overall [30] . Pneumothorax, defined as
the visualisation of symmetric pleural sliding in
the anterior chest area according to interna-
tional guidelines, was excluded from the anal-
ysis [31, 32]. Details of a LUS score examination
are presented in supplementary Fig. 1.

An echocardiographic examination was per-
formed on ICU admission as usual care. The
examination was standardized with visual left
ventricular systolic function estimation of the
apical four-chamber view. Left ventricular fill-
ing pressure was recorded by pulsed-wave Dop-
pler early mitral flow peak velocity (E wave) and
late mitral flow peak velocity (A wave). Diastolic
function was defined using the E/A ratio. Sec-
ond, we recorded the early diastolic mitral
annulus displacement velocity (E’ wave) using
tissue Doppler imaging. The ratio of early mitral
flow peak velocity to early diastolic mitral
annulus displacement velocity (E/E’ ratio) was
then calculated. Diastolic dysfunction was
defined as the association of an E/A ratio\ 0.8
with the value of the E wave\50 cm/s,
according to the guidelines [33]. Elevated left
ventricular filling pressure was defined by an E/
E’ ratio[12, according to the guidelines [33].
The velocity time integral (VTI) was measured
using pulsed Doppler in the left ventricular
outflow tract (LVOT) from a five-chamber apical
view . The maximal subaortic VTI was recorded
independently of the respiratory cycle. Heart
rate was calculated by measuring the R–R dis-
tance between two successive VTIs. The LVOT
surface was calculated using the measured
diameter (mm) of the LVOT squared multiplied

by p/4 using a longitudinal parasternal view.
Cardiac output (ml/min) was calculated using
the following formula: VTI 9 HR 9 LVOT
surface.

The right ventricular systolic function was
estimated using both tricuspid annular plane
systolic excursion (TAPSE) and S wave velocity
recorded by tissue Doppler imaging at the lat-
eral tricuspid annulus movement velocity (S’).
After aligning the ultrasound cursor with the
right ventricular annular plane systolic excur-
sion, M-mode was activated to measure the
TAPSE (mm), and tissue Doppler was used to
measure the S’ wave (cm/s). Right ventricular
dysfunction was defined as TAPSE\16 mm or
S’\ 10 cm/s in agreement with the current
guidelines [34].

Clinical features

On ICU admission, each patient underwent a
standard medical examination, including med-
ical history, Simplified Acute Physiology Score
(SAPS II) [35], Sequential Organ Failure Assess-
ment Score [36], the concentration of plasma
brain natriuretic protein, and high-sensitivity
troponin and arterial lactataemia. Only the first
dosages of plasmatic brain natriuretic protein
and high-sensitivity troponin at admission were
considered and used as markers of cardiac
injury. The need for mechanical ventilation was
also recorded. The ratio of arterial pressure of
oxygen from the first blood gas to fractional
inspired oxygen (FiO2) was collected. In
patients who received oxygen through a nasal
cannula or facial mask, the FiO2 was calculated
as follows: FiO2 = (21 ? 3 9 oxygen flow (l/
min)/100) [37]. In patients who received high-
flow oxygen ([40 l/min) or non-invasive facial
mask ventilation, the FiO2 was directly
reported.

Statistical analysis

Patient characteristics were expressed as mean
and standard deviation for quantitative vari-
ables and as numbers and per cent for qualita-
tive variables. The area under the receiver-
operating characteristic (AUC-ROC) curve for
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LUS scores was calculated to predict the occur-
rence of death on day 28.

The optimal threshold was calculated to
discriminate occurrence of death on day 28
using the Youden index [38]. Sensitivity, speci-
ficity, negative predictive value and positive
predictive value were calculated with their 95%
confidence intervals (CI). Univariate analysis
was performed to compare patients’ character-
istics, outcomes and thoracic ultrasound vari-
ables regarding the mortality status on day 28.
Se and Sp curves were constructed to calculate
the grey zone for an LUS score that was incon-
clusive for predicting occurrence on day 28 [39].
A grey zone represents a predictive test of low
accuracy, that is, the Se and Sp are both\ 90%
[40]. Exploratory AUC-ROC curves were drawn
for items with significant differences in uni-
variate analysis.

Logistic regression was performed to identify
the variables associated with occurrence of
death on day 28. Variables with P\0.2 were
selected from univariate analysis . Missing data
were excluded from analysis.

A subgroup analysis was performed for non-
intubated patients on ICU admission as previ-
ously described. Considering the retrospective
and explorative nature of the study, no calcu-
lation of inclusion need was performed.

Interobserver agreement for the LUS score
was evaluated from a 12-image sample ran-
domly chosen using the intraclass correlation
coefficient among the six observers (GD, FB, BA,
GB, GM, LB).

For all calculations, IBM SPSS Statistics for
Windows, version 20.0 software (IBM Corp.,
Armonk, NY) was used, and the significance
level was set at p\0.05.

RESULTS

During the study period, 148 patients were
admitted to the ICU for SARS-CoV-2. One
hundred twenty-seven patients met the criteria
for acute respiratory failure; of these, 57 patients
received a complete thoracic ultrasound exam-
ination within the first 2 h after ICU admission
and were analysed (flow chart, supplementary
Fig. 2). Patient characteristics are shown in

Table 1. Forty-four (64%) were male, and mean
SAPS II was 36 (± 18). Twelve (21%) patients
died on day 28 after ICU admission. Mean time
since first symptoms was 7 (± 4) days.

The characteristics of the patients on ICU
admission according to the occurrence of death
at day 28 are shown in Table 1. Thoracic ultra-
sound findings on ICU admission according to
the occurrence of death at day 28 are shown in
Table 2. In the whole cohort, the LUS score was
20 (± 5) in the survivors vs. 23 (± 2) in the
28-day non-survivors (p = 0.06). Interobserver
agreement was excellent with intraclass corre-
lation of 0.91 [0.81–0.97]; p\0.001. The cor-
relation matrix between observers is presented
in the supplementary data. The AUC-ROC curve
of the LUS value on ICU admission to predict
the occurrence of death at day 28 was 0.68 [95%
CI 0.54–0.82; p = 0.05] (Fig. 1). The best pre-
diction of the occurrence of death corresponded
to specificity and sensitivity at 58% and 75%
(Youden index was 0.33), respectively, when
considering a cut-off at 22 (Fig. 1). The positive
predictive value, negative predictive value,
positive likelihood ratio and negative likelihood
ratio were 37%, 87%, 1.8 and 0.48, respectively.
The LUS score grey zone (score of 19–26) with
inconclusive values included 36 patients (63%).
An LUS score[26 predicted occurrence of
death on day 28 with Sp[ 90% and PPV of 50%
in two patients. LUS score\19 excluded
occurrence of death on day 28 with a Se[ 90%
and an NPV of 89% in 19 patients.

The left ventricular ejection fraction (LVEF)
was lower in the 28-day non-survivors than in
the survivors (52 [± 11] vs. 58 [± 7] %;
p = 0.03), while cardiac output was higher (6.9
[± 1.2] vs. 5.7 [± 1.5] l/min; p = 0.01) (Table 2).
No significant differences were found regarding
the presence of elevated left ventricle filling
pressure (p = 0.34), diastolic dysfunction
(p = 0.94) and right ventricle systolic dysfunc-
tion (p = 0.84) (Table 2). Analysis of biological
markers of cardiac injury showed that the
occurrence of death on day 28 was associated
with higher brain natriuretic peptide (247
[± 341] vs. 1339 [± 1241] pg/ml; p = 0.001) and
high-sensitivity troponin I (28 [± 59] vs. 76
[± 95] lg/ml; p = 0.05) concentration (Table 1).
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Table 1 Characteristics of patients at admission and comparison regarding condition status

All patients (n = 57) Surviving (n = 45) Dead (n = 12) p value

Demographic characteristics

Male gender (%) 44 (64) 11 (24) 10 (83) 0.56

Age (years) 62 (± 14) 59 (± 14) 72 (± 10) 0.003

BMI (kg/m2) 28 (± 6) 28 (± 6) 30 (± 6) 0.23

Medical history

Hypertension (%) 28 (49) 20 (44) 8 (67) 0.17

Coronary disease (%) 10 (15) 6 (13) 4 (33) 0.10

Chronic heart failure (%) 5 (7) 3 (6) 2 (16) 0.27

Diabetes (%) 22 (32) 19 (42) 3 (25) 0.27

Smoking (%) 11 (16) 7 (19) 4 (33) 0.32

Obesity (%) 19 (28) 14 (31) 5 (42) 0.49

Clinical evaluation at admission

SAPS II 36 (± 18) 35 (± 20) 42 (± 10) 0.21

Time since first symptom (days) 7 (± 4) 7 (± 4) 6 (± 4) 0.90

SOFA 4 (± 3) 4 (± 3) 5 (± 3) 0.20

SOFA respiratory 2 (± 1) 2 (± 1) 2 (± 1) 0.72

MV at admission (%) 17 (25) 12 (27) 5 (42) 0.31

PaO2/FiO2 ratio (mmHg) 172 (± 75) 181 (± 77) 134 (± 57) 0.09

BNP (pg/ml) 409 (± 658) 247 (± 341) 1339 (± 1241) 0.001

Troponin Us (lg/ml) 38 (± 70) 28 (± 59) 76 (± 95) 0.05

Lactataemia (mmol/l) 1.6 (± 0.7) 1.6 (± 0.7) 1.6 (± 0.7) 0.90

Norepinephrine (mg/h) 0.3 (± 0.9) 0.3 (± 1) 0.3 (± 0.7) 0.94

Evolution in ICU

Use of MV (%) 40 (70) 31 (78) 9 (75) 0.68

Use of prone position (%) 37 (54) 27 (60) 10 (83) 0.13

Use of RRT (%) 9 (13) 6 (13) 3 (25) 0.32

Use of ECMO (%) 5 (7) 4 (8) 1 (8) 0.95

MV-free days 12 (± 12) 14 (± 12) –

ICU-free days 8 (± 10) 10 (± 10) –

BMI body mass index, BNP brain natriuretic peptide, ECMO extracorporeal membrane oxygenation, ICU intensive care
unit, MV mechanical ventilation, RRT renal replacement therapy, SAPS Simplified Acute Physiology Score, SOFA
Sequential Organ Failure Assessment
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The AUC-ROC curves of SAPS-II, cardiac
output, LVEF, brain natriuretic peptide and
high-sensitivity troponin concentration values
on ICU admission to predict the occurrence of
death at day 28 are presented in Fig. 2. Best
prediction cut-off using the Youden index
method, positive and negative predictive value
and positive and negative likelihood ratio for
each parameter are summarized in Table 3.

Results of multivariate analysis are presented
in Table 4. LUS score was not associated with
occurrence of death on day 28 (p = 0.87). Age
(OR = 1.23, IC 95% [1.06–1.43]; p = 0.006) and
body mass index (OR = 1.24, IC 95% [50];

p = 0.23) at admission were significantly asso-
ciated with occurrence of death on day 28.

Subgroup analysis of non-intubated
patients

LUS score presents a better predictive value for
non-intubated patients at admission. Details of
the subgroup analysis of non-intubated patients
are detailed in the supplementary data.

Comparisons between the intubated and
non-intubated patients at the ICU admission
are presented in supplementary Table 3 and
supplementary Table 4.

Table 2 Thoracic ultrasound findings of patients at admission and comparison regarding living status

All patients (n = 57) Surviving
(n = 45)

Dead
(n = 12)

p value

Lung ultrasound evaluation at admission

Total LUS score 20 (± 4) 20 (± 5) 23 (± 2) 0.06

Any consolidation (%) 37 (65) 29(64) 8 (67) 0.88

Focal ARDS (%) 4 (6) 4 (9) 0 (0) 0.28

Pleural irregularity (%) 30 (44) 25 (56) 5 (56) 0.76

Pleural effusion (%) 4 (7) 1 (2) 3 (25) 0.006

Cardiac ultrasound evaluation at admission

LVEF (%) 56 (± 8) 58 (± 7) 52 (± 11) 0.03

Cardiac output (l/min) 5.9 (± 1.5) 5.7 (± 1.5) 6.9 (± 1.2) 0.01

E wave (m/s) 0.8 (± 0.5) 0.8 (± 0.5) 0.8 (± 0.4) 0.70

A wave (m/s) 0.9 (± 0.3) 0.9 (± 0.3) 1 (± 0) 0.60

E/A ratio 1 (± 0.2) 1 (± 0.2) 1 (± 0) 1

E’ wave (cm/s) 7 (± 4) 7 (± 5) 7 (± 4) 0.85

E/E’ ratio 7 (± 2) (± 3) (± 2) 0.76

Diastolic dysfunction (%) 9 (13) 7 (21) 2 (22) 0.94

Elevated LVFP (%) 3 (4) 3 (8) 0 (0) 0.34

TAPSE (mm) 21 (± 5) 22 (± 4) 19 (± 6) 0.09

Tricuspid S’ wave (cm/s) 14 (± 4) 13 (± 4) 15 (± 5) 0.41

Right ventricle dysfunction (%) 6 (9) 5 (15) 1 (13) 0.84

ARDS acute respiratory distress syndrome, LUS lung ultrasound score, LVEF left ventricle ejection fraction, LVFP left
ventricle filling pressure, TAPSE tricuspid annular plane systolic excursion
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DISCUSSION

In this study, we found a low predictive per-
formance of the LUS score on ICU admission for
the occurrence of death at day 28 in patients
with SARS-CoV-2 admitted for acute respiratory
failure. The LUS score showed slightly better
performance to predict the occurrence of death
on day 28 with a cut-off at 22 for non-intubated
patients with a negative predictive value of 96%
under 19.

This discrepancy between intubated and
non-intubated patients may be explained by the
differences in the severity of illness and pro-
gression. Furthermore, mechanical ventilation
settings and high levels of positive end-expira-
tory pressure may contribute in the decrease in
LUS score because of a recruitment effect [41].

The ability of the LUS score to predict the
28-day death rate in non-intubated patients
may be related to the severity of lung injury.
Recent data suggest that the type of lung

Fig. 2 Receiver-operating characteristics for cardiac out-
put, left ventricle ejection function, brain natriuretic
peptide and high-sensitivity troponin on ICU admission
to predict occurrence of death at day 28. Results are

presented for the whole cohort and for the subgroup
analysis of the non-intubated patients on ICU admission.
AUC area under the curve

Fig. 1 Receiver-operating characteristics for the lung
ultrasound score on ICU admission to predict occurrence
of death at day 28. AUC Area under the curve
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Table 3 Analysis of the New Simplified Acute Physiologic Score, cardiac output, left ventricle fraction ejection, brain
natriuretic peptide and high-sensitivity troponin on intensive care unit admission to predict occurrence of death on day 28
for the whole cohort (n = 57) and non-intubated patients at admission (n = 40)

AUC
[95% CI]

P value Best cut-
off
(Se, Sp)

Youden
index

Positive
predicted
value (%)

Negative
predicted
value (%)

Positive
likelihood
ratio

Negative
likelihood
ratio

Whole cohort (n = 57)

SAPS II

n = 57

0.70

[0.57–0.83]

0.03 31

Se = 1.00

Sp = 0.53

0.53 35 100 2.1 0

Cardiac

output

(l/min)

n = 54

0.75

[0.59–0.91]

0.01 6.3

Se = 0.82

Sp = 0.75

0.56 45 94 3.3 0.2

LVFE (%)

n = 56

0.36

[0.17–0.55]

0.13 50

Se = 0.50

Sp = 0.25

- 0.25 35 86 0.6 2

BNP (pg/

ml)

n = 27

0.88

[0.70–1.00]

\ 0.01 896

Se = 0.75

Sp = 0.91

0.66 65 95 8.3 0.2

Troponin

(lg/ml)

n = 46

0.85

[0.73–0.97]

\ 0.01 24

Se = 0.90

Sp = 0.83

0.73 60 96 5.3 0.1

Non-intubated patients (n = 40)

SAPS II

n = 40

0.86

[0.75–0.98]

\ 0.01 30

Se = 1.00

Sp = 0.70

0.70 41 100 3.3 0

Cardiac

output

(l/min)

n = 38

0.80

[0.66–0.95]

0.01 6.3

Se = 0.86

Sp = 0.78

0.63 41 95 3.9 1.2

LVFE (%)

n = 39

0.28

[0.07–0.50}

0.7 50

Se = 0.43

Sp = 0.22

- 0.35 30 89 0.6 2.6

BNP (pg/

ml)

n = 23

0.98

[0.91–1.00]

\ 0.01 896

Se = 1.00

Sp = 0.95

0.95 67 100 20 0
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injuries defined by CT scan on ICU admission
predicted the outcome at day 5 or the admission
of patients with SARS-CoV-2 to the ICU [5, 42].
A similar approach using a point-of-care, non-
irradiant and easily performed LUS seems fea-
sible. Indeed, the location and severity of acute
lung injuries evaluated with LUS appear to be
correlated with the CT scan in the case of SARS-
CoV-2 pneumonia [3, 43, 44]. Furthermore, the
correlation between the LUS score and severity
of acute lung injury was previously described
[13, 45–47].

Bonadia et al. performed a study evaluating
the performance of the LUS score to predict
mortality and ICU admission of SARS-CoV-2
patients admitted to the emergency department
[14]. This study highlighted that the number of

lung sectors presenting anomalies during LUS
examination was correlated with prognosis [14].
These results are in line with results obtained
from CT scan examination and prognosis in
SARS-CoV-2-related lung infection [3, 5]. Fur-
thermore, these results confirmed that LUS
examinations at the bedside are correlated with
thoracic CT scan findings as shown in a previ-
ous multicentric observational study [24]. This
discrepancy between Bonadia et al.’s findings
and our results is not necessarily contradictory
[14]. We can assume that the qualitative evalu-
ation of the number of areas with abnormal LUS
examinations may be more predictive than
characterizing the severity of the lesion by a
quantitative evaluation using the LUS score.
This may reflect the spread of the lung disease,
which is correlated with the prognosis as found
on thoracic CT scan examination.

Our data showed the differences in the
assessment of LVEF using cardiac ultrasound.
There was a decreased LVEF in non-survivors,
while an increased cardiac output was associ-
ated with an increased 28-day death rate, as
previously described [48]. High-sensitivity tro-
ponin and brain natriuretic peptide concentra-
tions on admission were also associated with
the outcome. These findings are in line with the
association between increases in cardiac injury
biomarkers and poor outcomes in patients with
SARS-CoV-2 [21, 22, 49]. We assume that the
discrepancy between intubated and non-intu-
bated patients may be due to the heart-lung
interaction during mechanical ventilation [50].
These findings support the interest in a com-
bined evaluation of the lungs and cardiac

Table 3 continued

AUC[95%
CI]

P value Best cut-
off(Se,
Sp)

Youden
index

Positive
predicted
value (%)

Negative
predicted
value (%)

Positive
likelihood
ratio

Negative
likelihood
ratio

Troponin

(lg/ml)

n = 31

0.96

[0.88–1.00]

\ 0.01 24

Se = 1.00

Sp = 0.92

0.92 67 100 12.5 0

AUC area under the receiver-operating characteristic curves, SAPS Simplified Acute Physiology Score, Se sensibility, Sp
specificity, LVFE left ventricle fraction ejection, BNP brain natriuretic peptide

Table 4 Results of logistic regression from the whole
cohort (n = 57) to identify criteria at admission associated
with occurrence of death on day 28

OR [CI 95%] p value

Age (years) 1.23 [1.06–1.43] 0.006

BMI (kg/m2) 1.24 [1.03–1.50] 0.02

Male gender 1.53 [0.12–18.8] 0.74

LUS score 1.02 [0.79–1.30] 0.87

Lactataemia (mmol/l) 0.52 [0.12–2.13] 0.36

SOFA score 1.10 [0.83–1.46] 0.52

BMI body mass index, LUS lung ultrasound, SOFA
Sequential Organ Failure Assessment
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function to evaluate the prognosis. Of note, our
study showed no abnormal marker of the right
ventricular systolic function. However, consid-
ering the high incidence of thrombotic events
in the severe SARS-CoV-2 population, explo-
ration of the veins of the lower limbs could be
useful [51, 52]. The LUS score was not more
efficient than SAPS II, which showed compara-
ble ROC curves to predict the occurrence of
death on day 28. Ultrasound assessment of
patients’ severity could not rule out basic clini-
cal and biological examination. Its added value
may rather lie in the therapeutic orientation in
patients with respiratory insufficiency whose
origin can be multifactorial.

Our study has several limitations. First, only
a few patients were intubated and the hetero-
geneity may limit our conclusions. However,
the high number of non-intubated patients on
ICU admission may help improve the triage at
an early stage of management of SARS-CoV-2-
related acute respiratory failure, notably outside
the ICU ward. Second, the design was retro-
spective, which may be a source of bias in
selection of patients who received a LUS exam-
ination. Third, missing data regarding biologi-
cal markers of cardiac injury may have
underpowered the related analysis. Lastly, the
number of analyzed patients remains low
despite the multicentric character of the study.

CONCLUSION

The LUS score on ICU admission due to SARS-
CoV-2 pneumonia-related acute respiratory
failure was not efficient to predict the occur-
rence of death at day 28. Performance of bio-
logical cardiac markers may be similar to that of
the LUS score.
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charge en réanimation des patients en période

2610 Adv Ther (2021) 38:2599–2612
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