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A B S T R A C T

Background: Lung ultrasound can accurately detect pandemic coronavirus disease (COVID-19) pulmonary
lesions. A lung ultrasound score (LUS) was developed to improve reproducibility of the technique.
Objectives: To evaluate the clinical value of LUS monitoring to guide COVID-19-associated acute respiratory
distress syndrome (ARDS) management.
Methods: We conducted a single center, prospective observational study, including all patients admitted with
COVID-19-associated ARDS between March and April 2020. A systematic daily LUS evaluation was
performed.
Results: Thirty-three consecutive patients were included. LUS was significantly and negatively correlated to
PaO2/FIO2. LUS increased significantly over time in non-survivors compared to survivors. LUS increased in 83%
of ventilatory associated pneumonia (VAP) episodes, when compared to the previous LUS evaluation. LUS
was not significantly higher in patients presenting post-extubation respiratory failure.
Conclusions: In conclusion, our study demonstrates that LUS variations are correlated to disease severity and
progression, and LUS monitoring could contribute to the early diagnosis of VAPs.

© 2021 Elsevier Inc. All rights reserved.
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Introduction

During the past few months, intensive care units (ICUs) all over
the world were overwhelmed with a large amount of severe pan-
demic coronavirus disease (COVID-19) pneumonia cases. COVID-19
pneumonia was well described in computerized tomography (CT)
studies, with early ground-glass opacities originating in subpleural
zones, progressive extension and consolidation.1 Pleural involvement
was also underlined by rare cases of pneumothorax and
pneumopericardium.2,3

The subpleural involvement and the diffuse nature of COVID-19
lesions makes them easily accessible to ultrasound exploration. Lung
ultrasound (LU) findings during COVID-19 pneumonia were rapidly
described,4 with a good agreement between CT and LU.5,6 A good cor-
relation between these two imaging techniques was already
described in non-viral interstitial lung diseases.7 LU is already widely
used in the routine evaluation of critically ill patients, especially with
respiratory failure.8 LU monitoring was described in influenza-
related ARDS cases,9 but not during previous coronavirus epidemics
(Severe Acute Respiratory Syndrome, Middle East Respiratory Syn-
drome), to the best of our knowledge.

One of the main limitations of LU is the lack of reproducibility,
limiting its use for sequential evaluations. A lung ultrasound score
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(LUS) was designed to overcome this limit by standardizing LU evalu-
ation and summarize it with a numerical score.10,11 This score, easily
measured at the bedside, with a steep learning curve,12 is built with
the addition of points obtained by scanning pre-determined pulmo-
nary zones. It was found to correlate with ARDS severity,13 with lung
reaeration after treatment of a ventilator-associated pneumonia
(VAP),14 but also with the risk of post-extubation respiratory
failure.11

We postulated that the monitoring of LUS over time during the
COVID-19 pandemic could be valuable to improve the detection of
VAPs and follow the progression of disease, especially in the context
of limited resources, and given the accessibility of lung abnormalities
to ultrasound. We conducted a prospective study in people with
COVID-19 related ARDS to describe the variation of LUS during VAP
episodes, the relation between LUS and PaO2/FIO2 evolution, and
finally the relation between LUS and the risk of post-extubation
respiratory failure.

Methods

Design

A prospective, observational study was conducted. People with
COVID-19 were enrolled in one medical ICU in a teaching hospital in
Lyon, France. The primary endpoint was the LUS variation during
VAP episodes. Secondary endpoints were LUS anatomical repartition,
PaO2/FIO2 ratio evolution, post-extubation acute respiratory failure
(ARF) incidence, survival, mechanical ventilation duration.

Ethical approval

The study protocol was approved by the institutional review
board ethics committee of the institution (Comit�e d’�ethique du CHU de
Lyon) and was conducted in accordance with the 1964 Helsinki decla-
ration and its later amendments. Patients and/or relatives gave
informed consent for the collection of clinical data.

Population

We included all consecutive people with COVID-19, aged over 18,
admitted with RT-PCR-documented COVID-19 pneumonia requiring
invasive mechanical ventilation and fulfilling ARDS criteria 15.
Patients were enrolled as soon as all criteria were met (i.e. after intu-
bation). The inclusion period corresponded to the first epidemic
“wave” in France, between March 15th and April 21st 2020.

LUS measurement

LUS evaluation was added to the routine bedside assessment of
people with COVID-19. A strict protocol for exposure protection was
applied, with the use of personal protective measures (gown, FFP2
mask, face shield, gloves). Each day, the detailed score was to be
reported in a dedicated spreadsheet (lines: 12 pulmonary zones; col-
umns: dates) integrated in the patient’s medical record and allowing
easy monitoring from day-to-day.10 LUS were realized by every
trained practitioner in the unit, in a “real life” setting. The leading
investigators (AD and EC) had a good experience of LUS (participated
in clinical trials), and they led the training of the other physicians.
Before independent data collection was authorized, a minimum of 5
examinations were conducted under their supervision, until a perfect
concordance was reached (same score given for the same ultrasound
image) for a whole assessment. LUS evaluations could be performed
by different investigators for the same patient.

LUS was assessed with the technique described above.12 A curvi-
linear low frequency probe (2�5 MHz, GE Healthcare, USA) was used
to scan predefined areas (6 per lung): anterior, lateral and posterior;
each of these segments divided in superior and inferior zones. In
each zone, points are allocated according to ultrasound pattern: nor-
mal=0, well-defined B-lines= 1, coalescent B-lines= 2, consolidation=
3. Thus, the total score ranges from 0 to 36. A lung consolidation was
reported (regional score of 3) only for images thicker than 15 mm
(perpendicular from pleura). Below that threshold, these pleural
anomalies were characterized as sub-pleural consolidations or sub-
pleural thickening (corresponding to a regional score of 2). Ventilator
settings at the time of LUS evaluation were also recorded, and com-
pliance was measured using an end-inspiratory pause when applica-
ble (in volume-controlled mode with adequate patient-ventilator
synchrony). The vital status of participants was recorded at ICU dis-
charge and at 90 days.

VAP diagnosis

VAP episodes were recorded during the participants’ follow up.
VAP were defined by the usual criteria16: it was suspected in case of
the association of hyperthermia and/or other signs of sepsis, increase
in oxygen requirements, and apparition of a new opacity on chest X-
ray or LU. Positive bacterial culture of respiratory samples (bron-
choalveolar lavage or tracheal aspirate) was required for VAP confir-
mation (i.e. culture-negative cases were excluded).

Weaning protocol

LUS was also closely monitored around ventilator weaning period.
When possible, a LUS evaluation was performed before and after
extubation. There was no specific protocol regarding the use of post-
extubation prophylactic high-flow nasal cannula (HFNC) and/or non-
invasive ventilation (NIV).

Statistical analysis

Continuous variables were expressed as median (interquartile
range) or mean (standard deviation). A test of normality (Shapiro-
Wilk) was performed for each continuous variable. The t-test was
applied for comparisons for normally distributed variables and
Mann-Whitney test for non-normally distributed variables. Propor-
tions were compared using the Chi-squared test. Associations
between LUS, sequential organ failure assessment (SOFA) and PaO2/
FIO2 ratio was tested with Pearson’s correlation. The level of signifi-
cance was set at p < 0.05. Statistical analysis was conducted using
Prism V7.0 (GraphPad software Inc., USA).

Results

During the study period, 33 consecutive people with COVID-19
fulfilling inclusion criteria were included. Clinical characteristics of
participants, at baseline and during their stay, are summarized in
Table 1.

A total of 337 LUS evaluations were performed, with a median of 9
(6�14) LUS evaluation per patient, for an ICU length of stay of 22
(13�35) days. Thus, the delay between LUS evaluations was 2.1
(1.7�4.2) days, in slight deviation to the protocol, which planned
daily evaluations. After ARDS diagnosis, typical LUS was mostly com-
posed of coalescent B-lines (score of 2), homogenously distributed
between right and left sides and with a slight anterior-posterior gra-
dient (Table 2). We present the aspect of a typical LUS in a patient in
Fig. 1 and Supplementary Material 1.

The initial LUS (within 24 hours of ARDS diagnosis) was of 21 § 4,
and was not statistically different between survivors and non-survi-
vors (Table 1). Initial LUS was not significantly correlated with SOFA
(r = -0.24, p = 0.21). A bacterial superinfection was present at the
time of intubation in 10 participants (30.3%). The initial LUS was not
predictive of the presence or absence of a superinfection (20 § 3



Table 1
Clinical characteristics of 33 patients with COVID-19 related ARDS monitored using lung ultrasound score.

Total (n=33) Survivors (day 90) (n=21) Non-survivors (day 90) (n=12) P value

Demographics
Age (years) 66 (56-69) 66 (51-68) 66 (57-80) 0.095
Women 9 (27%) 8 (38%) 1 (8%) 0.301
BMI (kg/m2) 28 (26-33) 30 (27-34) 27 (24-33) 0.138
SOFA 8 (6-8) 7 (6-8) 8 (3-9) 0.687
SAPS II 36 (32-44) 36 (30-44) 38 (33-48) 0.542
Charlson score 2 (2-4) 2 (1-3) 4 (2-5) 0.013
ICU length of stay (days) 22 (13-35) 22 (15-40) 23.5 (10-29) 0.427
At ARDS diagnosis
Duration of symptoms (days) 8 (6-10) 9 (6-11) 7.5 (7-9) 0.427
PEEP (cmH2O) 14 (10-15) 14 (10-15) 14 (10-14) 0.605
Compliance (ml/cmH2O) 35 (29-44) 35 (29-48) 33 (31-41) 0.175
PaO2/FiO2 ratio 150 (88-177) 150 (81-184) 149 (92-166) 0.646
ARDS severity
Mild 3 (9%) 3 (14%) 0 (0%) 0.562
Moderate 17 (52%) 10 (48%) 7 (58%)
Severe 13 (39%) 9 (43%) 4 (33%)

CT scan grading (n=28)
<25% 8 (29%) 7 (44%) 1 (8%) 0.217
25-50% 11 (39%) 5 (31%) 6 (50%)
50-75% 6 (21%) 3 (19%) 3 (25%)
>75% 3 (21%) 1 (6%) 2 (17%)

Bacterial superinfection 10 (30%) 4 (19%) 6 (50%) 0.008
Treatments
Vasopressors 32 (97%) 21 (100%) 11 (92%) 0.443
Renal replacement therapy 11 (33%) 4 (19%) 7 (58%) 0.021
ECMO 1 (3%) 0 (0%) 1 (8%) 0.179
Hydroxychloroquine 25 (76%) 14 (67%) 11 (92%) 0.014
Corticosteroids 13 (39%) 11 (52%) 2 (16%) 0.201
Complications
Ventilator-associated pneumonia 21 (63%) 17 (81%) 4 (33%) 0.092
Pulmonary embolism 7 (21%) 4 (19%) 3 (25%) 0.687
Pneumothorax 5 (15%) 4 (19%) 1 (8%) 0.409
LUS score
Initial 21 (19-24) 22 (19-25) 20 (19-21) 0.210
Maximum 26 (25-27) 26 (25-27) 26 (24-29) 0.696
Minimum 15 (14-19) 15 (13-17) 18 (14-21) 0.078
End of stay (discharge or death) 23 (19-24) 19 (17-23) 25 (24-29) <0.001

ARDS: acute respiratory distress syndrome; BMI: body mass index; CT: computerized tomography; ECMO: extracorporeal mem-
brane oxygenation; ICU: intensive care unit; LUS: lung ultrasound score; PEEP: positive end expiratory pressure; SAPS II: simpli-
fied acute physiology score II; SOFA: sequential organ failure assessment.
Continuous variables are expressed as median (interquartile range)

Table 2
Anatomic distribution of lung ultrasound scores at ARDS diagnosis of 33 COVID-19 patients.

Anatomic region Regional grade Anterior Lateral Posterior p
upper lower upper lower upper lower

Normal (grade 0) 2 (3.0%) 3 (4.5%) 2 (3.0%) 1 (1.5%) 1 (1.5%) 4 (6.1%)
Separated B-lines (grade 1) 21 (32%) 29 (44%) 19 (29%) 14 (21%) 7 (11%) 5 (7.6%)
Coalescent B-lines (grade 2) 41 (62%) 33 (50%) 43 (65%) 47 (71%) 51 (77%) 42 (64%)
Consolidation (grade 3) 2 (3.0%) 1 (1.5%) 2 (3.0%) 4 (6.1%) 7 (11%) 15 (23%)
Regional score (range 0-12) 6 (5-8) 7 (6-8) 8 (8-9) <0.001

Percentages are expressed vertically, with a total of 66 for each column (33 patients with right and left lungs). For the com-
parison of the 3 regional scores, the Kruskal-Wallis test was used.
ARDS: acute respiratory distress syndrome.
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versus 22 § 1 respectively, p = 0.068), nor was the presence of �1
consolidation on the LUS (30% vs 48% with or without superinfection,
respectively, p = 0.341). During the course of ARDS, LUS allowed to
follow disease progression, and was negatively correlated to PaO2/FIO2
ratios (n = 278, r = -0.37, p < 0.0001, Fig. 2). Static compliance, how-
ever, was not significantly correlated to LUS (n = 126, r = -0.10,
p = 0.29). During follow-up, minimum LUS was 16 § 4, reached in 3
(2�8) days; maximum LUS was of 26 § 2, reached in 5 (2�9) days.
The last recorded LUS evaluation, i.e. before patient discharge or
death, was significantly higher in non-survivors than in survivors (26
§ 2 versus 20 §2, respectively, p < 0.001).

VAP occurred in 21 (63%) participants, with all cases confirmed by
positive cultures of the bronchial aspirates or bronchoalveolar lavage
fluid. LUS increased during 83% of VAP episodes. Evolution of LUS
before and after VAP episodes are summarized in Fig. 3. When the
LUS evaluation was performed within 24 hours of the VAP diagnosis
(defined as the time of the bacteriological sample), it was signifi-
cantly higher than the previous LUS evaluation performed during the
last 72 hours (26 § 3 versus 21 § 4, p = 0.005).

Twenty-five participants (76%) were extubated, and a LUS evalua-
tion was performed within 24 hours before extubation in 15 (60% of
them, with a score of 20 § 6.5). Post-extubation ARF, defined as ARF
requiring reintubation or use of rescue NIV or HFNC, occurring in the
72 hours following extubation, occurred in 7 out of 25 (28%) extu-
bated participants. The LUS was not statistically different, although
higher, in the group presenting post-extubation ARF, as compared to



Fig. 2. Correlation between PaO2/FIO2 ratios and lung ultrasound score during follow up
in 33 COVID-19 patients. r: Pearson’s correlation coefficient; LUS: lung ultrasound
score.

Fig. 3. Lung ultrasound score evolution around ventilator-associated pneumonia epi-
sodes in COVID-19 patients with ARDS. Lung ultrasound score (LUS) evolution around
the diagnosis of 12 ventilator-associated pneumonia (VAP) episodes during which at
least 2 LUS were obtained: one within 24 hours of VAP and one in the preceding
72 hours. LUS evolution (mean §SD) was represented in the 5 days surrounding VAP
diagnosis (defined by the time of the positive bacteriological sample). One way ANOVA
p = 0.0888. Additional files.

File name: COVIDLUS_supp_mat_loop
Description: the file describes the typical lung ultrasound score in a patient with

COVID-19 pneumonia, with ultrasound loops for each zone allowing calculation of
global score.

Fig. 1. Typical example of lung ultrasound score in a patient with COVID-19 pneumo-
nia. Lung areas on the torso are represented schematically (picture does not corre-
spond to the patient) with corresponding ultrasound pictures (video clips in
Supplementary material 1). The attributed score appears in colored squares in each
zone, the total score was 20 in this patient in early stage (74 years old male with mod-
erate ARDS, lung ultrasound performed immediately after intubation with a PaO2/FIO2
ratio of 161 mmHg).
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successfully extubated participants (22 § 6.2 versus 19 § 2.8,
p = 0.268).

Finally, repeated LUS evaluation appeared to be safe for the per-
sonnel. Indeed, none of the investigators was tested positive for
SARS-CoV-2 during the study period.

Discussion

In this prospective observational study, we described the evolu-
tion of LUS during COVID-19 related ARDS course. We found that LUS
was dynamically related to PaO2/FIO2 ratio evolution and survival, but
also to the occurrence of VAPs.

Disease progression

To our knowledge, we report here the most extensive description
of LUS monitoring in COVID-19 patients with ARDS. We observed,
like others,4,17 a very diffuse pattern of lesions with predominant B-
lines. A significant gradient between anterior and posterior regions
was found, but it appears much less marked than in conventional
ARDS,13 especially due to a more frequent involvement of anterior
regions by COVID-19 pneumonia. The LUS monitoring in our cohort
of COVID-19 related ARDS allowed clinicians to confidently follow
the progression of disease, as suggested by case reports18,19 and a
recent study showing that LUS is correlated with the histologic fibro-
proliferative changes in deceased people with COVID-19.20 This clini-
cal impression is reinforced by the finding of the correlation of LUS
with PaO2/FIO2 ratio.

This correlation was already found in non-COVID-19 ARDS,21 and
the correlation between LUS and lung aeration during recruitment
maneuvers and prone position is also well documented.22,23 Never-
theless, we did not find a correlation with lung compliance as it was
described during non-COVID-19 ARDS.24 This could be due to the
measure of static compliance itself, lacking standardization in our
protocol, especially with highly variable PEEP settings.

The evolution of LUS indicated that people with COVID-19 were
often in an ascending phase of the disease at the time of intubation,
as suggested by the fact that the maximum LUS was reached 5 days
after intubation. The occurrence of complications such as VAPs could
also contribute to LUS variations, as we found that LUS significantly
increased during VAPs.

VAP diagnosis

Early and accurate detection of VAPs was the primary endpoint of
this study, as it was one of the main expected benefits of LUS moni-
toring. We found that LUS increased significantly by 5 points on aver-
age during VAP episodes. This confirms the capacity of LUS to
support diagnosis and monitoring of VAP during COVID-19 ARDS, as
it was described previously in other settings.25 The clinical benefit of
LUS was suggested by a recent randomized controlled trial in which
ventilator-free days were increased in patients managed with LUS
monitoring.26 As an alternative to other imaging techniques such as
X-rays or CT scans, LUS monitoring could also reduce their use as it
was suggested by a recent study.27 In the context of the pandemic
this could be a major advantage for LUS, avoiding patient transport or
unnecessary exposition of personnel, as well as saving resources and
costs.

Limitations

There are several limitations to our study. First, this is a small size
study with only 33 patients and only one setting, preventing general-
ization of results. Furthermore, it is an observational study, without a
control group, and it remains unclear whether early detection of
VAPs is truly improved by LUS monitoring, or if it translates into a
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significant benefit for patient-centered outcomes. However, it is clear
that more accurate and earlier diagnosis of VAPs (especially distinc-
tion with tracheobronchitis) can improve outcome of people with
ARDS,28 and further studies are warranted.

Second, the daily evaluation of LUS proved to be difficult in this
“real life” setting, especially with the additional workload generated
by the crisis, and we only managed to record a LUS evaluation every
two days on average. The detection of VAPs might have been even
better with more frequent LUS evaluations. Also, the echographic
aspect of the lung (e.g. presence of dynamic bronchogram) is proba-
bly more important than the LUS value alone for VAP diagnosis.29

However, LUS monitoring may allow a finer evaluation and raise
clinician’s attention after a systematic, “screening” step. Considering
the acceptable learning curve and reproducibility of LUS technique,
and with the miniaturization of point-of-care ultrasound probes, one
could imagine that ICU nurses could contribute to such routine
screening.

Third, missing data also limited our ability to evaluate LUS contri-
bution to predict post-extubation ARF, which is probably a major
way by which LUS monitoring can improve patient outcomes. Indeed,
this is one of the applications for which LUS was first applied.11

Finally, the application of such a “real life” routine implied that LUS
evaluations were performed by different operators for a given
patient. LUS being an ultrasound technique, its results can be opera-
tor-dependent which could increase the variability of the scores. This
risk was considered and a major effort was made to homogenize the
ultrasound skills of all investigators. That being said, the purpose of
such a score is precisely to encode the information from a subjective
ultrasound examination into numbers, thus facilitating the communi-
cation of this information, between physicians and across time. From
this point of view, our experience showed that this score can be easily
and rapidly disseminated in an ICU team, leading to clinically rele-
vant results.
Conclusions

In conclusion, our cohort study demonstrates that a strategy of
LUS monitoring for people with COVID-19 ARDS is feasible, easily
applicable and related to lung disease severity, and suggests that it
could contribute to the early diagnosis of VAPs.

In clinical practice, LUS monitoring can be easily implemented to
daily care, as it is virtually free (provided availability of ultrasound),
easy to use and perfectly safe for both patients and personnel. This
strategy might benefit the most to people in the first week after
COVID-19 ARDS diagnosis to detect disease aggravation and VAPs.
However, further interventional studies will be necessary to deter-
mine if LUS monitoring can improve relevant patient outcomes, but
also health economic outcomes.
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