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ABSTRACT
INTRODUCTION: COVID-19 is associated with a risk of severe pneumonia and acute respiratory 
distress syndrome (ARDS), requiring treatment at an intensive care unit (ICU). Since clinical 
deterioration may occur rapidly, a simple, fast, bedside, non-invasive method for assessment of 
lung changes is warranted. The primary aim of this study was to investigate whether lung 
ultrasound (LUS) findings within 72 hours of admission were predictive of clinical deterioration 
in hospitalized patients with confirmed Severe Acute Respiratory Syndrome Coronavirus 2 (SARS- 
CoV-2).
METHODS: Patients admitted to a dedicated COVID-19 unit were subject to daily LUS examina-
tions. Number of present consolidations and pleural effusions were registered and a Mongodi 
score was calculated. These findings were correlated with initial chest x-ray and clinical deteriora-
tion, defined as ICU-admission, ARDS diagnosis, death.
RESULTS: In total, 29 of 83 patients had LUS performed during admission, 18 within 72 h of 
admission. Of these, four patients died during admission, six were transferred to the ICU and 13 
were diagnosed with ARDS.

Initial Mongodi-score did not differ significantly between patients with and without clinical 
deterioration (p = 0.95). Agreement between initial LUS and chest x-ray findings were fair with 
Cohen’s Kappa at 0.21.
CONCLUSION: LUS performed within 72 h in patients admitted to a dedicated COVID-19 unit 
could not predict ARDS, ICU admission or death. However, consecutive investigations may be of 
value, as sudden substantial changes may herald disease progression, enabling earlier supple-
mentary diagnostics and treatment initiation.
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Introduction

The coronavirus disease 2019 (COVID-19) outbreak, 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), was declared a Public Health Emergency 
of International Concern by the World Health 
Organization on January 30, 2020[1]. The virus is highly 
contagious and predominantly affects the respiratory 
organ, causing symptoms ranging from simple cough to 
severe pneumonia and acute respiratory distress syndrome 
(ARDS), requiring intensive care treatment [2].

The radiological findings of SARS-CoV-2 pneumonia 
are variable, but most commonly include bilateral and 
multilobar parenchymal involvement. The most common 
findings on computed tomography (CT) of the chest are 
diffuse bilateral ground glass opacities, septal thickening, 
consolidations, and pleural effusions [3].

Rapid clinical deterioration from limited symptoms to 
acute respiratory failure with ARDS development is 
a known complication to COVID-19. Consequently, close 
monitoring of these patients, to allow early detection of 
ARDS-development, is essential. However, this would 
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require repeated thoracic imaging which is time- 
consuming and overall challenging in a COVID-19 setting, 
since chest CT and non-supine chest x-ray (CXR) often 
require temporary intrahospital patient transportation [4] 
and hence risk of virus transmission [5].

Lung ultrasound (LUS) is a fast, cheap and mobile 
imaging modality ideal for frequent repeated imaging, 
hence being a potential ideal monitoring tool in the 
COVID-19 pandemic [6]. Additionally, small portable 
and handheld ultrasound machines are easy to clean 
and can be used as part of the clinical assessment of the 
patient. LUS can clearly visualize lung lesions adjacent 
to the pleura and is established as a reliable tool for the 
diagnosis and monitoring of ARDS as well as possible 
complications to COVID-19 (e.g. pleural effusion, con-
solidations associated with potential bacterial pneumo-
nia, and pulmonary embolism) [7,8].

Furthermore, as LUS is able to detect dynamic changes 
in the lung parenchyma and pleura, which can be observed 
in relation to pulmonary oedema, ARDS or lung lavage, 
LUS should be considered a valued tool to detect and 
monitor rapid changes in relation to patients with 
COVID-19 [9–11]. From a clinical perspective, this 
approach is highly relevant in dedicated COVID-19 
wards where admitted patients are at risk of sudden clinical 
deterioration.

The primary aim of this study was to investigate 
whether LUS findings within 72 hours of admission 
were predictive of clinical deterioration in hospitalized 
patients with confirmed COVID-19. Secondary aims 
were the correlation between LUS and CXR findings, 
and whether serial LUS can predict ARDS- 
development.

Materials and methods

Design and setting

The study was conducted as a single-center prospective 
cohort study at Odense University Hospital (OUH), 
Denmark. The hospital serves as a community-hospital 
for approximately 0.25 million inhabitants and as 
a tertiary hospital for the the Region of Southern 
Denmark (approximately 1.2 million inhabitants) [12]. 
In the beginning of the epidemic, all medically stable 
patients with COVID-19 in the Region of Southern 
Denmark were transferred to a dedicated COVID-19 
unit at OUH for further therapy[13].

Population

We included all patients who were 1) 18 years or 
older, 2) had a positive real time polymerase chain 

reaction (RT-PCR) analysis for SARS-CoV-2 performed 
on material from a pharyngeal swab or tracheal secre-
tion, 3) were admitted or transferred to the COVID-19 
unit at OUH between the 10th of March to 31st of 
May 2020 and 4) had LUS performed at least once 
during admission.

LUS

The LUS examination was performed using a 14-zone 
scanning protocol, previously validated for assessing 
patients with acute respiratory failure in an emergency 
department setting [14,15]. The protocol was supple-
mented with a LUS scoring system (Mongodi) based 
on a model previously validated for assessing patients 
with ARDS and severe pneumonia [16]. The Mongodi 
score is based on LUS performed in the four anterior 
and four lateral zones, making it optimal for a COVID- 
19 setting, where patients are often restrained to 
a supine position. In each zone, between 1 and 4 points 
are given based on LUS-findings, resulting in a final 
score between 8 and 32 points (Figure 1). Each point 
was defined according to the following:

● 1 point:<3 B-lines
● 2 points:≥3 B-lines occupying ≤50% of the pleural 

line
● 3 points: ≥3 B-lines occupying >50% of the 

pleural line
● 4 points: Lung consolidation present

For the duration of admittance to the COVID-19 unit, 
LUS examination was performed on a daily basis pre-
supposing availability of a physician skilled in LUS. 
The results of the LUS examinations were prospectively 
registered using a standardised reporting form. 
Portable, handheld ultrasound machines were used 
for the LUS examinations (SonoSite iViz machine 
with a high frequency linear transducer, GEV scan 
with dual probe).

Other imaging

CXR was performed routinely upon admission to the 
hospital and described by the attending radiologist who 
did not have access to the result of any LUS findings. If 
clinical deterioration with progressive respiratory fail-
ure was observed, patients were referred for high- 
resolution computed tomography (HRCT) or CT pul-
monary angiography depending on primary presump-
tive diagnosis (e.g. ARDS and pulmonary embolism).
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Standard of care at the COVID-19 unit

The COVID-19 management at the dedicated unit was 
based on local and national guidelines and consisted 
primarily of supportive therapy and use of dexametha-
sone for ARDS [13]. Upon admission, each patient was 
evaluated by a senior consultant and an intensive care 
specialist to determine whether the patient was 
a candidate for intensive care unit (ICU) treatment 
based on a combination of age, comorbidities, and 
the patient’s own consideration along with potential 
for future rehabilitation. Based on this evaluation, 
patients who developed severe respiratory failure or 
multi-organ failure during admission were either trans-
ferred to the ICU or treated at the COVID-19 
unit [13].

Data collection

A review of the patients’ medical record was per-
formed to obtain data on demography, comorbid-
ities, as well as clinical and outcome data. All data 
were registered in a REDCap database by one inves-
tigator and subsequently validated by a second mem-
ber of the study team. In case of discrepancy, 
a consensus was reached through discussion among 
team members. A complete codebook was predefined 
for all variables [13].

Outcome definitions

Clinical deterioration was defined as death, admis-
sion to ICU or ARDS as defined by the Berlin cri-
teria [17].

Statistics

All statistical analyses were performed in GraphPad 
Prism 9.0.0.

For continuous numerical variables, Shapiro-Wilks 
test was used to assess normality.

Normally distributed data were presented as mean 
with standard deviation (SD). Non-normally distrib-
uted data were presented as medians with interquar-
tile ranges (IQR). To identify whether LUS could 
predict clinical deterioration, we compared the med-
ian initial Mongodi score within 72 hours of admis-
sion between patients with or without clinical 
deterioration using the Mann-Whitney test. Mean 
or median Mongodi score and number of consolida-
tions and effusion detected by LUS during admission 
was compared using a Mann–Whitney test or an 
unpaired t test. We also estimated the median max-
imum Mongodi score as well as the median time 
after admission to reach this score. To estimate the 
level of agreement between the radiologist CXR 
interpretation and the LUS findings, we used 
Cohen’s Kappa coefficient (Cκ).

Ethics

The study was approved as a quality study and 
registered on the Region of Southern Denmark’s 
record of data processing activities (journal number 
20/16,169). Data were handled in accordance with 
the General Data Protection Regulation, the Danish 
Act on Data Protection, the Danish Act on Research 
Ethics Review of Health Research Projects and the 
Danish Health Act.

Figure 1. LUS findings in COVID-19 and corresponding score.A: the pleuraline (PL) appears normal. No B-lines or consolidation is 
present corresponding to a score of 1.B: multiple B-lines (B) origninating from the pleural line (PL). The B-lines involve less than 50% 
of the pleuraline, corresponding to a score of 2.C: multiple confluent B-lines (CB) are present. More than 50% of the pleural line are 
involved corresponding to a score of 3.D: A small subpleural consolidation (C) is present just below the pleural line, corresponding 
to a score of 4.
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Results

Population

During the study period, 83 patients were admitted to 
the COVID-19 unit. Of these, a total of 29 patients 
were subject to at least one LUS investigation and were 
included in the study. Mean age was 63 years (± 17.3) 
with a male predominance (65.5%). Four patients 
(13.8%) died during admission. Six patients (20.7%) 
were admitted to the ICU and 13 patients (44.8%) 
were diagnosed with ARDS. An overview of the study 
population is presented in [Table 1].[Figure 2])

LUS findings

Eighteen patients (62.1%) had LUS performed within 
72 h of admission. Number of visible consolidations 

and effusions on days 1–3 as well as the Mongodi score 
is presented in [Figure 3]. The initial Mongodi score 
did not differ significantly between the eight patients 
who developed the predefined outcome and the 10 
patients who did not[Mongodi score: 11.5 (IQR: 8.0–-
16.8) and 11.3 ± 4.2, respectively (p = 0.95)]. The 
number of consolidations were significantly higher 
at day 3 than day 1 and 2 (p = 0.03 for both). There 
was no significant difference in the number of detected 
pleural effusions or Mongodi score on day 3 of admis-
sion compared to day 1 and 2 (pleural effusions 
p = 0.16 for both, Mongodi score, p = 0.15 for day 1, 
p = 0.18 for day 2).

Longitudinal Mongodi scores during the entire 
hospital stay

For the 29 included patients, the median number of 
registered Mongodi scores was 2 (IQR 1.0–3.0). The 
mean maximal Mongodi score for these 29 patients of 
14.5 ± 6.0 was registered at median day 5.0 (IQR 
2.5–8.0). This score did not differ significantly from 
median initial score of 10 (IQR 8–16.25) in the 18 
patients who had LUS performed within 72 hours of 
admission (p = 0.16) or mean score of 9.5 ± 1.91 for 
the four patients who had LUS performed at day 1 of 
admission (p = 0.11). When comparing mean score 

Table 1. Baseline characteristics of patient population. 
BMI = Body mass index.

Number of patients (%) Mean ± SD

Female sex 10 (34.5) -
Age (years) 29 (100) 63 ± 17.3
BMI 26 (89.7) 27.7 ± 4.9
Caucasian 23 (79.3) -
Current smoker 2 (6.9) -
Previous smoker 18 (62.1) -
Excessive alcohol consumption 2 (6.9) -
Number of co-morbidites 29 (100) 2.4 ± 1.6

Figure 2. Overview of study population.
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at day 1 of admission with mean score of 14.6 ± 5.0 for 
the nine patients who had LUS performed at day 5, no 
significant difference was observed (p = 0.08). Six 
patients had five or more LUS performed during their 
admission. Longitudinal data including time points for 
ARDS diagnosis with lowest partial PaO2/FiO2, trans-
ferral to ICU and death or discharge is presented in 
[Figure 4] and [APPENDIX].

CXR and LUS agreement

For the 18 patients who were investigated by LUS 
within 72 h of admission the agreement between CXR 
diagnosis of lung opacities and LUS with present con-
solidation was fair (Cκ 0.21) with an agreement of 
58.8%. Agreement between CXR and LUS diagnosis 
of pleural effusion was calculated for 17 patients and 

was fair (Cκ 0.21) with an agreement of 76.5%. In ten 
patients, CXR findings compatible with pulmonary 
oedema and LUS with the presence of interstitial syn-
drome were compared, reaching a 90%’s agreement. 
Cohen’s Kappa could not be computed, as there were 
no cases presenting with both findings. The mean time 
between initial CXR and first LUS was 2.2 days ±0.8.

Discussion

The aim of this study was to clinically appraise the 
utility of initial (<72 h) and repeated LUS for predict-
ing ARDS, transfer to ICU or death in COVID-19 
patients, and to assess whether these findings corre-
lated with findings on CXR.

Although we found no significant increase in pleural 
effusion or Mongodi score during the first 72 hours of 

Figure 3. LUS findings on day one, two and three. C: total number of consolidations. E: total number of effusions. n: number of 
patients scanned.
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admission, a significant increase in the number of lung 
consolidations was observed, which likely indicates 
progressive lung involvement as part of a pre-state to 
or manifest ARDS. While no significant increase in 
Mongodi score was observed within 72 hours, the 
median and mean score increased slightly, suggesting 
an increase in the extent of lung parenchymal involve-
ment. Indeed, the maximal score was observed at 
median day 5 after admission. Thus, an initial scan 
following transfer to a COVID-19 unit seems to have 
limited prognostic value. However, an important aspect 
to consider is that LUS was performed at the COVID- 
19 unit following admission through an emergency 
department system. Included patients were therefore 
a selected population of COVID-19 patients in which 
admission was already deemed necessary based on 
clinical assessment and the results of other diagnostic 
tests (e.g. blood samples, CXR). As indicated by other 
studies, LUS may still have a potential diagnostic and 
prognostic role when used as an upfront imaging mod-
ality in an emergency department. This is exemplified 
by a recent study by Perrone et al. investigating if 
a single LUS examination on the day of admission 
was predictive of need for high-flow oxygen support, 
ICU admission and death within 30 days in 52 

COVID-19 patients [18,19]. Their findings showed 
higher LUS scores were associated with clinical wor-
sening during admission.

While the initial LUS findings in this study seem to be of 
limited prognostic value, our results suggest a possible role 
when used as part of a daily monitoring system. A rapid 
substantial increase in consecutive Mongodi scores may aid 
in decision making, exemplified by patient A in [Figure 4] 
whose score increased from 12 to 23 between 
admission day four and five with no obvious concomitant 
clinical deterioration or change in oxygen saturation level. 
This increase led to a CT referral revealing a generalized 
lung involvement compatible with ARDS requiring anti- 
inflammatory treatment with dexamethasone. Indeed, 
daily LUS by the treating physician has recently been 
shown to be a reliable tool in predicting both abnormal 
CT chest scans and the need for oxygen requirements in 
patients with COVID-19 [20].

We chose to use the Mongodi scoring system 
since it had been validated for monitoring develop-
ment of ARDS and the findings could potentially be 
generalised to a COVID-19 population. Apart from 
being previously validated, the scoring system also 
has a low interrater variance, is simple to use and 
feasible for non-LUS experts. Additionally, as 

Figure 4. Examples of individual changes in Mongodi score.
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severely ill COVID-19 patients may be confined to 
a supine position challenging LUS investigation of 
the posterior zones, the Mongodi score is calculated 
solely based on findings in the anterior and lateral 
zones. In this study, we could scan the posterior 
zones in 15 out of 18 patients (83%) and found 
that the majority of consolidations and pleural effu-
sions were observed in the basal posterior zones (R5 
and L5 in [Figure 3]), implying that important find-
ings are often missed. Thus, a separate scoring pro-
tocol for COVID-19 patients not restrained to 
a supine position is warranted. These findings are 
supported by other studies in which scoring systems 
use all 14 zones, thus, including posterior zones 
seems to be superior to a protocol limited to the 
anterior and lateral surface of the chest [18,19]. As 
highlighted by the recently published international 
expert consensus recommendation for multi-organ 
point-of-care ultrasound for COVID-19, LUS has 
a role as a monitoring tool in moderate-severe 
COVID-19, but still has limitations and further stu-
dies are still needed to establish the optimal protocol 
and clinical use [21].

CXR

CXR is routinely used as the first line imaging 
option in patients presenting with respiratory symp-
toms. For COVID-19 patients, a portable CXR 
device is often used to decrease intra-hospital trans-
port and risk of transmission, and only allows 
supine images leading to reduced interpretability. 
In our study, there was a fair agreement between 
CXR and LUS findings of pleural effusion and lung 
consolidations. However, for the latter, the inter- 
rater agreement was substantially lower at 58.8%. 
As parenchymal involvement in COVID-19 does 
not always involve the subpleural lung parenchyma 
in mild to moderate cases of the disease, parenchy-
mal lung involvement can be present even though 
LUS findings are normal. This is also reflected by 
a study by Lu et al. in which the sensitivity of LUS 
to detect lung parenchymal involvement in COVID- 
19 was 68.8% and 77.8% when compared to chest 
CT in mild and moderate cases, respectively [22]. 
Chest HRCT is considered the golden standard to 
detect lung involvement in COVID-19 and alterna-
tives as CXR and LUS have clear diagnostic limita-
tions. To what extent a composite measure 
involving CXR and LUS can improve the overall 
diagnostic accuracy when compared to chest CT 
remains to be determined.

Limitations

The major limitations were the single-center study 
set-up and the small sample size. Furthermore, as 
not all attending physicians in the beginning of the 
inclusion period had the required skill for perform-
ing LUS, it was only performed in a proportion of 
the COVID-19 patients admitted to the dedicated 
COVID-19 unit at our hospital. LUS was thus initi-
ally performed if the attending physician could per-
form the examination, even though the selection of 
attending physician for each specific admitted 
patient was not based on LUS qualifications, selec-
tion bias may have indirectly been introduced. As 
such, the results may affect the generalizability of 
our findings. Additionally, the physicians perform-
ing LUS were not limited to experts within the field, 
but also included physicians with LUS skills at 
a point-of-care level from a wide range of different 
specialities, leading to potential detection bias as 
consequence of different degree of LUS experience. 
Nevertheless, these findings represent the everyday 
clinical setup in a COVID-19 unit, manned by phy-
sicians able to perform LUS at a point-of-care level 
in a focused manner. The viability of LUS as 
a continuous monitoring tool needs to be validated 
in larger cohorts.

Conclusion

LUS is widely accessible and may be a valuable tool 
in continuous monitoring of patients admitted with 
COVID-19. Our findings suggest that initial LUS at 
admission to a dedicated COVID-19 unit is unlikely 
to predict ARDS, ICU admission or death, or 
replace a CXR within 72 hours. However, a rapid 
increase in Mongodi LUS scores may indicate lung 
parenchymal and pleural disease progression war-
ranting initiation of supplementary diagnostics and 
treatment.
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Appendix A1

Overview of consolidations, effusions, and Mongodi score 
through day one to three of admission by zone

Day 1 Day 2 Day 3

Consolidation
R1 0 0 1

R2 0 0 1
R3 0 0 2

R4 0 0 0
R5 0 1 3
R6 0 0 0

R7 0 0 0
L1 0 0 0

L2 0 0 0
L3 0 0 1

L4 0 0 0
L5 1 1 2
L6 0 0 0

L7 0 0 0
Total 1 2 10

Effusion
R1 0 0 0

R2 0 0 0
R3 0 0 0

R4 0 0 0
R5 0 0 2
R6 0 0 0

R7 0 0 0
L1 0 0 0

L2 0 0 0
L3 0 0 1

L4 0 0 1
L5 0 1 2
L6 0 0 0

L7 0 0 0
Total 0 1 6

Mongodi score 9.5 ± 1.91 (n = 4) 8 (IQR 8–12) (n = 7) 12.8 ± 4.2 (n = 12)
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Appendix A2

Longitudinal Mongodi scores in patients with five or more 
LUS performed during admission
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Day 9
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