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ABSTRACT

Background: Lung ultrasound is an easily available bedside imaging modality that has good specificity for the diagnosis of coronavirus disease-
2019 (COVID-19). Limited evidence is available on its utility to predict clinical severity.

Materials and methods: In this prospective observational study, adult patients with COVID-19 pneumonia admitted to the intensive care unit
(ICU) of a tertiary care hospital between June 2020 and August 2020 were included. Lung ultrasound was performed in at least four areas in
each examination and video loops were scored by two independent observers. The statistical relationship was assessed between median lung
ultrasound score, chest X-ray score, P/F ratio (ratio of the partial pressure of oxygen in arterial blood to the fraction of inspired oxygen), ROX
index, SOFA score, ICU stay, and mortality.

Results: Fifty lung ultrasound examinations were performed in 29 patients of age 54.7 + 15.3 years. P/F ratio was <300 mm Hg during 80% of
the examinations. There was moderate correlation between median lung ultrasound score and both ROX index (Spearman’s rho = —0.543, p <
0.001) and P/F ratio (rho = —0.522, p < 0.001), while there was weak correlation between chest X-ray score and ROX index (rho = —0.0.345, p =
0.019) and no correlation between chest X-ray score and P/F ratio. There was correlation between chest X-ray score and ICU stay (rho = 0.434,
p = 0.049). There was no difference in any of the parameters between survivors and non-survivors. Moderate inter-observer agreement was
present between the two observers.

Conclusion: Bedside lung ultrasound examination, even with a limited number of views, can reflect the clinical severity of COVID-19 pneumonia.
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INTRODUCTION

Coronavirus disease-2019 (COVID-19), caused by the SARS-CoV-2
virus, is characterized by predominant damage to the lungs.
Coronavirus disease-2019 pneumonia is proposed to be due to the
destruction of type-2 epithelial cells by the virus, later progressing
to diffuse alveolar damage and eventually, acute respiratory distress
syndrome.! The initial imaging findings of COVID-19 is the presence
of bilateral and multi-lobar peripheral ground-glass opacities on
chest computed tomography scans.? Corresponding lesions on lung
ultrasound have also been found in these patients.>

Normal lung ultrasound image consists of reverberation
artifacts created by the pleura. The lung ultrasound findings in
COVID-19 consist of thickened pleural line, comet-tail artifact or B
lines, subpleural pulmonary consolidation, and air bronchogram.*
Lung ultrasound has been shown to have higher sensitivity than
chest X-ray in detecting COVID-19.2 Similarly, lung ultrasound
findings could prove useful in the follow-up of COVID-19 pneumonia
patients.

We conducted this study intending to assess the relationship
between lung ultrasound findings and the clinical severity of COVID-
19 pneumonia. We also sought to compare lung ultrasound with
chest X-ray in predicting the clinical severity.

MATERIALS AND METHODS

This was a single-center prospective observational study
conducted at an academic tertiary care hospital. Institute Ethics
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Committee approval was obtained for the study (IEC/INT/2020/
SPL589) and verbal informed consent was obtained from the
patients or their relatives. The study was conducted between
June 2020 and August 2020 in the dedicated COVID-19 intensive
care unit (ICU) and patients were included if they were confirmed
COVID-19 positive by Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR). Patients were excluded if they were unable to
cooperate with the study.

Data collected included age, sex, comorbidities, respiratory
rate, mode of oxygenation, the ratio of the partial pressure of
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oxygen in arterial blood to the fraction of inspired oxygen (P/F
ratio), ICU stay, chest X-ray, point of care ultrasound images, and ICU
mortality.

Protocol for Performing Point of Care Ultrasound of
Lung

Equipment

Sonosite™ M-Turbo ultrasound system (Sonosite™ Inc., WA 98201,
USA), curved probe (5-2 MHz), and linear probe (13-6 MHz) were
chosen according to the body habitus (curved probe was used when
subcutaneous tissue and muscles were thicker). The ultrasound
probe was cleaned with sterile wipes before and after use. The
ultrasound machine was dedicated to COVID-19 positive patients
and not moved outside the ICU to avoid cross-contamination.

Procedure

The ultrasound examination was performed by two physicians
with five years of experience each, in performing lung ultrasound
examination. A minimum of 4 lung areas, out of the 14 lung areas
described by Soldati et al., were scanned during each study.’ In the
14 area scan, the mid-clavicular line, mid-axillary line, and inter-
nipple line form the landmarks for the anterior and lateral regions
and para-vertebral line, shoulder blade’s inferior angle, spine,
and curtain form the landmarks posteriorly. The video loops of 2
seconds each were stored locally and transferred in video format
for analysis offline.

Lung Ultrasound Score

The video loops were interpreted by an investigator who was
blinded to the clinical status of the patient and had 3 years of
experience in performing and interpreting lung ultrasound
examinations. For each video loop, a score was allotted between
0 and 3 as per the recommendation by Soldati et al. and is briefly
as follows (Fig. 1):°
Score 0—Pleural line is intact and regular.
Score 1—Pleural line is indented with the area of white below it.
Score 2—Pleural line is broken with subpleural consolidation.
Score 3—Extensive white lines in the lungs.

Hence, a score was allotted for each lung area scanned
during an ultrasound examination. The median of scores from
a lung ultrasound examination was compared with the chest

X-ray and clinical severity at that point of time. A subset of 250
video loops was scored by another investigator, who was also
blinded to the clinical status of the patient, to assess the inter-rater
agreement.

The chest X-ray from the same day as the lung ultrasound
examination was reviewed by a radiologist. The scoring of chest
X-ray was performed as described by Borghesi et al.® Briefly, the
lung fields were divided into six zones with one line passing along
theinferior border of the aortic arch and another passing below the
inferior pulmonary vein. The score was given between 0 and 3 for
each zone, based on the nature and density of infiltrates. Figure 2
depicts the scoring done on a chest X-ray.

Statistical Analysis

Statistical analysis was performed using SPSS. Data were described
as mean and standard deviation or median and interquartile
range. Spearman’s rank correlation was obtained between chest
X-ray score, median lung ultrasound score, the ratio of the partial
pressure of oxygen to fraction of inspired oxygen (P/F ratio), the
ratio of pulse oximetry/fraction of inspired oxygen to respiratory
rate (ROX index),” Sequential Organ Failure Assessment (SOFA)
score, and ICU stay. For patients with multiple studies, the median
lung ultrasound score and chest X-ray score obtained in the first
study for that particular patient was used for correlation with ICU
stay. Mann-Whitney U test was used to compare the chest X-ray
score, median lung ultrasound score, P/F ratio, respiratory rate, and
ROX index between patients who survived and patients who died
during their ICU stay. Inter-rater agreement was assessed using
Cohen’s weighted kappa.

REesuLTs

Bedside lung ultrasound examination was performed in 29 patients
(Male:Female—18:11) with a mean age of 54.7 + 15.3 years. Diabetes,
hypertension, obesity, hypothyroidism, and chronic obstructive
pulmonary disease were present in 8, 6, 5, 2, and 1 patient,
respectively. A total of 50 lung ultrasound scans were performed,
of which 14 patients had multiple examinations. The total number
of images was 438.

The respiratory status of patients and the number of areas
scanned at the time of lung ultrasound are shown in Table 1. The P/F
ratio, respiratory rate, and ROX index were 154 [85, 259] mm Hg, 24

Figs 1A to D: Lung ultrasound scoring done on a set of four images: (A) Score 0: intact pleural line (solid arrow) and A line (dashed arrow); (B)
Score 1:indented pleural line (solid arrow); (C) Subpleural consolidation (solid arrow); (D) Extensive white lines beneath the pleura (solid arrow)
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Fig. 2: Chest X-ray scoring done as part of the study

Table 1: Oxygenation status and the number of areas scanned at the
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Parameter Value n (%) CXR score PF ratio SOFA score ROX l\(ljesd(i;agclg:eg

P/F ratio (mm Hg) >300 10 (20) Fig. 3: Spearman correlation between lung imaging features and
200-300 8(16) oxygenation status. CXR score, Chest X-ray score; Lung USG score, Lung

Y y
100-200 16 (32) ultrasound score; PF ratio, Ratio of the partial pressure of oxygen in
<100 16 32) arterial blood to the fraction of inspired oxygen; SOFA score, Sequential
Organ Failure Assessment score

Oxygen support Room air 10 (20)
Venturi mask 7 (14) Table 2: Correlation between lung imaging features, oxygenation status,
High flow nasal oxygen 27 (54) and intensive care unit (ICU) stay
Noninvasive ventilation 3 (6) Correlation between Spearman’srho  p value
Mechanical ventilation 3(6) Chest X-ray score  P/F ratio —-0.224 0.134

Number of areas scanned 4 11(22) ROX index —0.345 0.019*%
6 6(12) ICU stay 0.434 0.049*
8 11(22) Median lung P/F ratio —0.543 <0.001*
10 8(16) ultrasound score
12 3(6) ROX index -0.522 0.001*
14 11(22) ICU stay 0.337 0.125

P/F ratio, Ratio of the partial pressure of oxygen in arterial blood to the frac- Chest X-ray score  0.148 0.327

tion of inspired oxygen

[22,30] breaths per minute, and 5.9 [4.2, 9.5], respectively. Among
the study patients, two patients on mechanical ventilation during
their ICU stay survived and six died. Intact pleural line, indented
pleural line, subpleural consolidation, and extensive white lines
were seen in 96 (22%), 42 (9%), 189 (43%), and 111 (25%) of the
ultrasound images, respectively.

There was statistically significant correlation between chest
X-ray score and ROX index (rho = —0.345, p = 0.019), chest X-ray
score and ICU stay (rho = 0.434, p = 0.049), median lung ultrasound
score and P/F ratio (rho = —0.543, p < 0.001), and median lung
ultrasound score and ROX index (rho = —0.522, p < 0.001) (Table 2
and Fig. 3).

There was no statistically significant difference in imaging
or clinical parameters between the survivors and non-survivors
(Table 3). Using the subset of images scored by the second
investigator, Cohen’s kappa of 0.601 was obtained for inter-rater
agreement (Fig. 4).8
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P/F ratio: Ratio of the partial pressure of oxygen in arterial blood to the
fraction of inspired oxygen
*p value <0.05, statistically significant

Table 3: Comparison of the lung imaging features and oxygenation
status at the time of first lung ultrasound between survivors and non-
survivors (Mann-Whitney U test)

Parameters Survivors Non-survivors p value
P/F ratio 108[77,316] 124 (68, 174] 0.445
ROX index 5.55[4.21,11.42] 4.07[3.12,5.43] 0.071
Chest X-ray score  8.5[6, 12] 13[6.5, 15.5] 0.232
Median lung 2[1.5,2] 2[1.87,2] 0.813

ultrasound score

P/F ratio: Ratio of partial pressure of oxygen in arterial blood to the fraction
of inspired oxygen

Discussion

Our study suggests that bedside lung ultrasound can be a useful
tool for determining the severity of the disease in COVID-19. There
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Fig. 4: Agreement chart between two observers on a subset of 250
images. The dimensions of the rectangles represent the number of
observations and the shading represents the agreement between
the observers with darker shades representing more agreement.® The
diagonal line represents the line of no bias

was a moderate correlation of median lung ultrasound score with
the lung function as estimated by P/F ratio and ROX index.’ Inter-
rater agreement was moderate in scoring the lung ultrasound
images, which validates the reliability of lung ultrasound in COVID-
19 patients.”®

Our study results are consistent with earlier studies evaluating
the relationship between lung ultrasound and clinical severity.Ina
previous study of lung ultrasound findings in 109 COVID-19 patients,
bilateral involvement, pleural thickening, B profile, and confluent B
lines were associated with disease severity classified as mild, severe,
and critical.” In another study, a higher total lung ultrasound score
was associated with increasing severity, with severity graded as
mild, moderate, and severe.'? When severity was graded according
to the P/F ratio, Castelao et al. found a correlation between total
lung score and P/F ratio of —0.765."> Our study is unique in that we
had substantially more number of patients with severe disease
(82.75%) and we used the ROX index, which better correlates with
the severity of respiratory failure.”

Lung ultrasound has been shown to outperform chest X-ray
in monitoring the respiratory condition of ventilated patients in
non-COVID diseases." In a study of 52 patients with COVID-19,
the CURB-65 severity score had a correlation of 0.53 and 0.52 with
lung ultrasound score and chest X-ray score, respectively.”” On
the contrary, we observed only a weak correlation between chest
X-ray and ROX index, while there was no correlation between chest
X-ray score and P/F ratio. Autopsy studies in COVID-19 indicate
the possibility of endothelial damage and microthrombi in the
pulmonary vasculature.'® In a case series by Yusuf et al., areas of
subpleural consolidation are avascular and suggestive of infarcts.”
Hence, it is possible that the disease severity may be more easily
detectable with lung ultrasound than with chest X-ray. The good

inter-rater agreement of lung ultrasound images seen in our study
has also been demonstrated earlier.'®

Our study has a few limitations. We did not perform a 14 area
lung scan in every patient as we were constrained by the patient
position that was mandated by their clinical condition. Our clinical
protocol involved proning or lateral decubitus positioning of
all patients with respiratory involvement. It is plausible that the
severity of hypoxia relates to the amount of lung involved and
correlation could improve if all areas are scanned in every patient.
Nevertheless, we found a moderate correlation with only the
median lung ultrasound score. This suggests the possible clinical
utility of a limited lung ultrasound examination protocol in the
COVID-19 patients.

To conclude, bedside lung ultrasound examination reflects the
clinical severity of COVID-19 pneumonia and has the potential to
allow routine monitoring of these patients.
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