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Abstract

COVID-19 pneumonia typically begins with subpleural ground glass opacities with progres-

sive extension on computerized tomography studies. Lung ultrasound is well suited to this

interstitial, subpleural involvement, and it is now broadly used in intensive care units (ICUs).

The extension and severity of lung infiltrates can be described numerically with a reproduc-

ible and validated lung ultrasound score (LUSS). We hypothesized that LUSS might be use-

ful as a tool to non-invasively monitor the evolution of COVID-19 pneumonia at the bedside.

LUSS monitoring was rapidly implemented in the management of our COVID-19 patients

with RT-PCR-documented COVID-19. The LUSS was evaluated repeatedly at the bedside.

We present a graphic description of the course of LUSS during COVID-19 in 10 consecutive

patients admitted in our intensive care unit with moderate to severe ARDS between March

15 and 30th. LUSS appeared to be closely related to the disease progression. In success-

fully extubated patients, LUSS decreased and was lower than at the time of intubation.

LUSS increased inexorably in a patient who died from refractory hypoxemia. LUSS helped

with the diagnosis of ventilator-associated pneumonia (VAP), showing an increased score

and the presence of new lung consolidations in all 5 patients with VAPs. There was also a

good agreement between CT-scans and LUSS as for the presence of lung consolidations.

In conclusion, our early experience suggests that LUSS monitoring accurately reflect dis-

ease progression and indicates potential usefulness for the management of COVID-19

patients with ARDS. It might help with early VAP diagnosis, mechanical ventilation weaning

management, and potentially reduce the need for X-ray and CT exams. LUSS evaluation is

easy to use and readily available in ICUs throughout the world, and might be a safe, cheap

and simple tool to optimize critically ill COVID-19 patients care during the pandemic.

Introduction

According to computerized tomography (CT) studies, COVID-19 pneumonia typically begins

with subpleural ground glass opacities with progressive extension [1]. Lung ultrasound is well
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suited to this interstitial, subpleural involvement, and it is now broadly used in intensive care

units (ICUs) [2]. Typical lung ultrasound of COVID-19 pneumonia reveals a pattern of B-

lines (i.e. comet-tail artifacts perpendicular to the pleural surface), which may spread to the

whole pleura in severe patients [3]. The extension and severity of lung infiltrates can be

described numerically with a reproducible and validated lung ultrasound score (LUSS) [4].

However, this score has not been widely and routinely used for ARDS monitoring so far. The

typical, “lobar” ARDS pattern is driven by posterior consolidations weakening the diagnostic

accuracy of the score [5], whereas COVID-19 patients exhibit a different (spatial and temporal)

course of disease, with a diffuse and rapidly evolving pattern [1]. We hypothesized that LUSS

might be useful as a tool to non-invasively monitor the evolution of COVID-19 pneumonia at

the bedside. We present here a brief report of our early experience of LUSS use.

Patients and methods

LUSS monitoring was rapidly implemented in the management of our COVID-19 patients

with RT-PCR-documented COVID-19 pneumonia, especially when requiring mechanical

ventilation. Every practitioner in the unit was trained and LUSS was integrated to the daily

routine examination. Junior physicians were trained at the bedside, and were accompanied by

a trained investigator until a good interobserver agreement was reached (which required about

4–5 LUSS). The LUSS was evaluated at the bedside, as previously described [4]. Briefly, 0–3

points were allocated for each of the 12 pre-determined anatomical regions according to ultra-

sound pattern: normal = 0, well-defined B-lines = 1, coalescent B-lines = 2, consolidation = 3

(total score ranging from 0 to 36). Lung consolidations (scoring 3) were noted only when

thickness (perpendicular from pleura) was greater than 15 mm. Sub-pleural thickening and

sub-pleural consolidations (thickness 15 mm or thinner) were graded a score of 2. Continuous

variables are expressed as median (interquartile range). The result of each score with the detail

of each zone was recorded in a table and kept in the patient medical record, allowing the moni-

toring from day-to-day. The LUSS was evaluated daily, when possible (depending on workload

and available medical staff).

This study was approved by our institutional ethics committee (Comité d’éthique du CHU
de Lyon) and was conducted in accordance with the 1964 Helsinki declaration and its later

amendments. Patients and/or relatives gave informed consent for the collection of clinical

data.

Results

We report in Fig 1 the course of LUSS during COVID-19 in 10 consecutive patients admitted

in our ICU with moderate to severe ARDS between March 15 and 30th. Clinical characteristics

of these patients were as follows: age 56 (46–63) years, 80% men, body-mass index 32 (30–33),

simplified acute physiology score II 36 (34–38). A total of 109 LUSS were assessed for these

patients (with 10.9 distinct LUSS evaluations per patient on average). The LUSS at ICU admis-

sion was 22 (15–26), maximum and lowest LUSS were 27 (26–29) and 14 (12–15), respectively.

During the study period, 4 patients were successfully weaned from mechanical ventilation

(MV). In all of them, LUSS on the day of extubation was all lower than admission LUSS, with a

LUSS within 24h of extubation ranging from 13 to 17. Patient #6 was also extubated but was

not considered as weaned from mechanical ventilation as he presented an early post-extuba-

tion acute respiratory failure requiring high-intensity non-invasive ventilation. His LUSS on

the day of extubation was of 27. LUSS increased inexorably in the patient who died from

refractory hypoxemia. In the five patients presenting a ventilator-associated pneumonia

(VAP), lung ultrasound monitoring showed an increased LUSS and especially the presence of
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Fig 1. Clinical course and lung ultrasound score (LUSS) evolution in 10 COVID-19 patients. For each timepoint the numerical LUSS is indicated above the

corresponding symbol (blue diamond if ultrasound showed only interstitial infiltrates and red if it also showed at least one lung consolidation). Arrows indicate

occurrence of a clinically-diagnosed ventilator-associated pneumonia. Mechanical ventilation-free periods are highlighted in green. Patient #5 died of refractory
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new lung consolidation. Indeed, such new consolidations (zone-score of 3) were detected in

the patients with VAPs in one or two zones (often lateral-inferior or posterior-inferior) which

were free of consolidation in the previous ultrasound examinations (zone-score of 0, 1 or 2).

VAPs were diagnosed with the usual criteria, and the day of VAP occurrence was defined as

the day when positive tracheal aspirate or bronchoalveolar fluid was sampled (all VAP episodes

were culture-positive). CT-scans were performed in 7 patients and all showed diffuse ground

glass opacities. Four CT-scans also found lung consolidations, which were all detected by

ultrasonography.

Discussion

Our early experience with LUSS monitoring indicates potential usefulness for the management

of COVID-19 patients with ARDS. First, our results suggest that LUSS could contribute to the

early diagnosis of VAPs. Lung ultrasound was previously described as a useful tool for VAP

diagnosis [6], and it might be well suited in the setting of COVID pandemic, where early and/

or non-superinfected cases are typically free of lung consolidations [1]. One major limitation

of LUSS in this setting is that a zone-score of 3 does not allow to compare the size of an existing

consolidation from day-to-day, preventing a more subtle interpretation of this capital informa-

tion. Second, we observed that all patients successfully weaned from MV had a decreased

LUSS. Of note, LUSS was validated as a mechanical ventilation-weaning prediction tool [4],

even though the cut-off value remains to be determined for COVID-19 patients. In all cases,

LUSS should not be interpreted in isolation but rather integrated to the set of usual parameters

when considering a therapeutic decision.

Our early experience so far encouraged us to continue and use LUSS in our routine practice

for COVID-19 patients, as it seems to accurately reflect disease progression. LUSS evaluation

is easy to use and readily available in ICUs throughout the world, and might be a safe, cheap

and simple tool to optimize critically ill COVID-19 patients care during the pandemic. Further

studies are now needed to determine if LUSS-based interventions can effectively improve the

management of COVID-19 patients with ARDS, e.g. by allowing faster MV weaning, earlier

detection and treatment of VAPs, or optimizing care efficiency by reducing the need for X-ray

and CT exams.
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1 Service de Médecine Intensive-Réanimation Médicale, Hospices Civils de Lyon, Hôpital

Edouard Herriot, Lyon, France

Author Contributions

Conceptualization: Auguste Dargent.

Data curation: Auguste Dargent.

Investigation: Auguste Dargent, Emeric Chatelain, Louis Kreitmann.

Supervision: Auguste Dargent, Jean-Pierre Quenot.

Validation: Martin Cour.

Writing – original draft: Auguste Dargent, Emeric Chatelain, Martin Cour.

Writing – review & editing: Auguste Dargent, Emeric Chatelain, Louis Kreitmann, Jean-

Pierre Quenot, Martin Cour, Laurent Argaud.

References

1. Li M, Lei P, Zeng B, Li Z, Yu P, Fan B, et al. Coronavirus Disease (COVID-19): Spectrum of CT Findings

and Temporal Progression of the Disease. Acad Radiol. 2020;

2. Pesenti A, Musch G, Lichtenstein D, Mojoli F, Amato MBP, Cinnella G, et al. Imaging in acute respira-

tory distress syndrome. Intens Care Med. 2016; 42(5):686–98.

3. Peng Q-Y, Wang X-T, Zhang L-N, (CCUSG) CCCUSG. Findings of lung ultrasonography of novel

corona virus pneumonia during the 2019–2020 epidemic. Intens Care Med. 2020;1–2.

4. Soummer A, Perbet S, Brisson H, Arbelot C, Constantin J-M, Lu Q, et al. Ultrasound assessment of

lung aeration loss during a successful weaning trial predicts postextubation distress*. Crit Care Med.

2012; 40(7):2064–72. https://doi.org/10.1097/CCM.0b013e31824e68ae PMID: 22584759

5. Pisani L, Vercesi V, Tongeren PSI van, Lagrand WK, Leopold SJ, Huson MAM, et al. The diagnostic

accuracy for ARDS of global versus regional lung ultrasound scores—a post hoc analysis of an obser-

vational study in invasively ventilated ICU patients. Intensive Care Medicine Exp. 2019; 7(S1):44.

6. Mongodi S, Via G, Girard M, Rouquette I, Misset B, Braschi A, et al. Lung Ultrasound for Early Diagno-

sis of Ventilator-Associated Pneumonia. Chest. 2016; 149(4):969–80. https://doi.org/10.1016/j.chest.

2015.12.012 PMID: 26836896

PLOS ONE Lung ultrasound score to monitor COVID-19 pneumonia

PLOS ONE | https://doi.org/10.1371/journal.pone.0236312 July 21, 2020 5 / 5

https://doi.org/10.1097/CCM.0b013e31824e68ae
http://www.ncbi.nlm.nih.gov/pubmed/22584759
https://doi.org/10.1016/j.chest.2015.12.012
https://doi.org/10.1016/j.chest.2015.12.012
http://www.ncbi.nlm.nih.gov/pubmed/26836896
https://doi.org/10.1371/journal.pone.0236312

