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ORIGINAL RESEARCH

Lung Ultrasound in COVID-19 A Role
Beyond the Acute Phase?
Carlo Gaspardone, MD , Carlo Meloni, MD, Alberto Preda, MD, Davide Romagnolo, MD,
Luigia Brugliera, MD, PhD, Paola Castellazzi, MD, Andrea Tettamanti, DPT, MSc, Caterina Conte, MD, PhD,
Antonio Secchi, MD, Francesco Maranta, MD, Sandro Iannaccone, MD, Domenico Cianflone, MD

Objectives—Coronavirus disease 2019 (COVID-19) is a viral illness caused by
severe acute respiratory syndrome coronavirus 2. With the increasing number of
improved and discharged patients with COVID-19, the definition of an adequate
follow-up strategy is needed. The purpose of this study was to assess whether
lung ultrasound (LUS) is an effective indicator of subclinical residual lung dam-
age in patients with COVID-19 who meet discharge criteria.

Methods—We prospectively enrolled 70 consecutive patients with COVID-19
who had a prolonged hospitalization with inpatient rehabilitation between April
6 and May 22, 2020. All of the patients underwent an LUS evaluation at dis-
charge. Data of patients with more severe disease during the acute phase (ie,
required ventilatory support) were compared to those of patients with milder
disease.

Results—Among the 70 patients with COVID-19 (22 women and 48 men;
mean age ± SD, 68 ± 13 years), the LUS score before discharge was still frankly
pathologic and higher in patients who had more severe disease during the acute
phase compared to patients with milder disease (median [interquartile range],
8.0 [5.5–13.5] versus 2.0 [1.0–7.0]; P < .001), even when both categories met
internationally defined discharge criteria.

Conclusions—Lung ultrasound can identify the persistence of subclinical residual
lung damage in patients with severe COVID-19 even if they meet discharge
criteria. Considering the low cost, easy application, and lack of radiation expo-
sure, LUS seems the ideal tool to be adopted in outpatient and primary care set-
tings for the follow-up of patients with COVID-19.
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Coronavirus disease 2019 (COVID-19) is a viral illness
caused by severe acute respiratory syndrome coronavirus
2 that was first identified in China and, since February

2020, has marched relentlessly westward.1 With the increasing
number of improved and discharged patients with COVID-19
worldwide, it is time to identify the most efficient follow-up
strategies for these patients. However, there is a lack of studies
exploring the monitoring of patients after the acute phase and
hospital discharge.

Reverse transcriptase polymerase chain reaction (RT-PCR)
from a swab sample is considered the standard diagnostic test for
COVID-19.2 The same test, repeated from 2 to 4 times with sam-
pling intervals of greater than 24 hours, along with clinical and
radiologic improvement criteria, is the primary requirement
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for patients’ discharge,2,3 considering them “clinically
healed.” However, the sensitivity of RT-PCR from a
swab sample is low and decreases over time, being
lower than 60% after 15 days from symptom onset.4

This may raise the question of whether patients should
be considered fully recovered from COVID-19 when
they are discharged in the presence of negative results
from 2 or more RT-PCR tests.5 Chest computed
tomography (CT) shows higher sensitivity than RT-
PCR from a swab sample6 and can identify lung alter-
ations even at 60 days of follow-up from disease onset.7

However, CT may not be a feasible method for moni-
toring complete recovery from COVID-19 because of
costs, radiation exposure, availability, and logistic issues
(eg, difficulty in sanitizing). Lung ultrasound (LUS)
findings in COVID-19 are strongly comparable to those
obtained with chest CT.8 Therefore, LUS could be a
rapid, noninvasive, and low-cost reasonable alternative
to CT9 for COVID-19 follow-up. In addition, consider-
ing that the advanced stage of the disease is hallmarked
by the peripheral distribution of lesions,10 LUS maybe
even more effective in monitoring the subacute phase
of the disease, allowing an earlier and safer hospital dis-
charge. Finally, an LUS examination is easy to perform
and requires short training,11,12 and its point-of-care use
would allow feasible outpatient follow-up in many dif-
ferent settings (eg, general practitioners and primary
care physician groups). This study was aimed at
assessing whether LUS could be an effective indicator
of subclinical persistence of COVID-19–related lung
damage in clinically healed patients; this might help in
identifying those who will need more careful monitor-
ing after discharge that could be performed with the
same technique.

Materials and Methods

Study Population
We prospectively enrolled 70 consecutive patients with
COVID-19 who were hospitalized during the acute
phase of the disease and were subsequently admitted to
the dedicated rehabilitation unit between April 6 and
May 22, 2020. Criteria for rehabilitation unit admission
were a positive RT-PCR result from a swab sample and
a functional independence measure showing dependence
for motor functions, respiratory functions, or both.13 All
patients were discharged from the rehabilitation unit

when the discharge criteria were met, as discussed above.
Patients with acute cardiopulmonary or inflammatory
conditions that were not COVID-19 related (eg, acute
heart failure, chronic obstructive pulmonary disease, and
acute exacerbation) were not included in the study.

Laboratory tests, transthoracic echocardiography
(TTE), LUS, and functional tests were recorded at
the time of discharge. To identify the characteristics
of patients with a more severe acute phase, the study
population was divided into 2 groups on the basis of
their need for ventilatory support (both noninvasive
and invasive ventilation) in the acute hospital setting:
group 1, mild disease with no need for ventilatory
support (n = 27); and group 2, severe disease with a
need for ventilatory support (n = 43). All patients
gave their informed consent, and the study was
approved by the local Ethics Committee.

Laboratory Tests
Based on the reported hematologic findings of
patients with COVID-19, we considered the following
inflammatory indices: white blood cell and subtype
counts, C-reactive protein, serum ferritin, and D-
dimer.14 We also assessed the N-terminal pro–brain
natriuretic peptide level, which has been shown to be
an independent risk factor for in-hospital death in
patients with severe COVID-19.15 Laboratory data
were also part of the COVID-BioB Study.16

Transthoracic Echocardiography
Transthoracic echocardiography was aimed at identi-
fying signs of right ventricle (RV) dysfunction and
pressure overload. Right ventricle base and midlevel
diameters were measured. Right ventricle longitudinal
systolic function was evaluated by tricuspid annular
plane systolic excursion and lateral tricuspid tissue
Doppler imaging. Pulmonary artery systolic pressure
(PASP) was estimated by a derivation of the RV from
the tricuspid regurgitation velocity added to a qualita-
tive assessment of right atrial pressure derived from
measurement of the inferior vena cava dimensions
and the response to inspiration. Images were obtained
with VividS60 system (GE Healthcare, Chicago, IL)
equipped with a 3Sc-RS sector transducer.

Lung US
Lung US findings were classified according to a vali-
dated quantitative lung ultrasound score (LUSS).17
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We identified 3 areas per hemithorax (anterior, lat-
eral, and posterior) by using the anterior and poste-
rior axillary lines as anatomic landmarks. We then
divided each area in two: superior and inferior.18

Therefore, we considered a total of 12 thoracic areas
recognized according to the frontal and transverse
planes. Each area was given a score from 0 to
3 according to the following criteria: 0, normal aera-
tion; 1, more than 2 B-lines occupying 50% of the
pleura or less; 2, more than 2 B-lines occupying
greater than 50% of the pleura (Figure 1); and
3, tissuelike pattern. Therefore, the total LUSS ranged
from 0 to 36. Lung US images were obtained with a
Prosound α6 system (Hitachi Aloka Medical Systems,
Tokyo, Japan) equipped with a UST-9123 convex
transducer.

Functional Tests
Functional recovery and independence in daily living
activities were assessed at discharge with indices rou-
tinely used in rehabilitation units. The timed up-and-

go test19 is a measure of functional mobility validated
in patients affected by chronic obstructive pulmonary
disease and pulmonary arterial hypertension.20 Briefly,
it uses the time that a person takes to rise from a
chair, walk 3 m, turn around, walk back to the chair,
and sit down. The 30-second chair stand test evalu-
ates leg strength and endurance in older adults,
assessing the number of stands a person can complete
in 30 seconds.21,22 Activities of daily living were
assessed by the functional independence measure
scale, an 18-item measurement tool that explores the
level of a patient’s disability and indicates how much
assistance is required for the individual to perform
activities of daily living.23 By adding the points for
each item (1, total assist; and 7, complete indepen-
dence), the level of independence ranges from
18 (lowest) to 126 (highest).24

Statistical Analysis
For each continuous variable, we verified the normal
distribution by the Shapiro–Wilk test. Normally dis-
tributed variables were described as mean ± standard
deviation, whereas non–normally distributed ones were
described as median (interquartile rang). The compari-
sons between the groups were performed by t tests or
Wilcoxon rank sum tests, as appropriate. The categori-
cal variables were described as frequencies (percent-
ages) and compared by χ2 tests. Two-sided P < .05
was required for statistical significance. Data were ana-
lyzed with R version 3.6.2 software (R Foundation for
Statistical Computing, Vienna, Austria).

Results

Seventy patients (22 women [31%] and 48 men
[69%]; mean age, 68 ± 13 years) were included in
the study. Twenty-seven patients (39%) had mild dis-
ease with no need for ventilatory support during the
acute disease phase (group 1), and 43 patients (61%)
had severe disease that required ventilatory support
(group 2). Baseline demographic and clinical charac-
teristics of the population are reported in Table 1.

Comorbidities were present in 64% of patients,
with hypertension being the most prevalent comor-
bidity (53%). No differences were observed between
the groups. Fifty-five (79%) patients received at least
1 antimicrobial or immunosuppressant COVID-19

Figure 1. Lung US examination of a patient with COVID-19. Longi-
tudinal US scan of the chest showing the presence of more than
2 B-lines occupying greater than 50% of the pleural line. B-lines
are hyperechoic wide-band artifacts, resembling the beam of a
flashlight, that originate from the pleural line, extend indefinitely,
and move in concert with lung sliding. This pattern is classified as
score 2. Ultrasound scans were performed with an Aloka Prosound
α6 system equipped with a UST-9123 convex transducer.
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treatment, with hydroxychloroquine being the most
frequent one (69%). The treatment rate was higher
in group 2 compared to group 1, although a signifi-
cant difference was found only for anakinra and the
lopinavir-ritonavir association. The disease timeline is
shown in Table 2.

The median time from illness onset to hospital
admission was 6 (4–9) days and did not signifi-
cantly differ between the groups. The median time
in the acute-subacute medical ward was longer in
group 2 compared to group 1 (32 versus 1 days;
P < .001) and, consequently, the overall hospital

length of stay (51 versus 20 days; P < .001), since
there was no difference in time in the rehabilitation
unit between the groups. Table 3 illustrates labora-
tory, ultrasound (US), and functional test findings
of patients before discharge from the COVID-19
rehabilitation unit.

At the time of discharge, normalization of all
inflammatory indices except serum ferritin was
observed. Laboratory findings were not significantly
different between 2 groups.

With regard to TTE parameters, PASP was
higher in group 2 compared to group 1 (28.4 versus

Table 1. Baseline Demographic and Clinical Characteristics of the Population

Severe Disease With Need for Ventilatory Support

Variable Total No Yes P

Patients 70 27 43
Age, y 68.1 ± 13.2 70.7 ± 15.9 66.4 ± 10.9 .218
Male 48/70 (69) 17/27 (63) 31/43 (72) .592
Body mass index, kg/m2 25.6 ± 5.3 25.2 ± 5.1 25.9 ± 5.4 .611
Current smoking status 5/70 (7) 3/27 (11) 2/43 (5) .586
Comorbidities
Hypertension 37/70 (53) 18/27 (67) 19/43 (44) .112
Diabetes 15/70 (21) 6/27 (22) 9/43 (21) >.99
Chronic obstructive lung disease 4/70 (6) 1/27 (4) 3/43 (7) .964
Coronary artery disease 12/70 (17) 5/27 (19) 7/43 (16) >.99
Chronic kidney disease 13/70 (19) 4/27 (15) 9/43 (21) .745
Malignancy 3/70 (4) 3/27 (11) 0/43 (0) .104

Chronic therapy with ACE-i or ARBs 26/70 (37) 13/27 (48) 13/43 (30) .209
COVID-19 treatment
Hydroxychloroquine 48/70 (69) 15/27 (56) 33/43 (77) .111
Antibiotics (azithromycin) 25/70 (36) 6/27 (22) 19/43 (44) .107
Antiviral drugs (lopinavir, ritonavir) 39/70 (56) 10/27 (37) 29/43 (67) .024
IL-1 inhibitor (anakinra) 18/70 (26) 2/27 (7) 16/43 (37) .013
IL-6 inhibitors (tocilizumab, sarilumab) 7/70 (10) 0/27 (0) 7/43 (16) .072

Data are presented as mean ± SD and number (percent) where applicable. ACE-i indicates angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; and IL, Interleukin.

Table 2. Disease Timeline

Severe Disease With Need for Ventilatory Support

Variable Total No Yes P

Patients 70 27 43
Time from symptoms onset to hospital admission, d 6 (4–9) 5 (0–8) 7 (4–9) .473
Time in the acute-subacute medical ward, d 21 (5–34) 1 (0–5) 32 (25–40) <.001
Time in the rehabilitation unit, d 17 (11–21) 17 (10–21) 17 (12–19) .970
Time of hospitalization, d 37 (22–52) 20 (16–26) 51 (39–55) <.001

Data are presented as median (interquartile range) where applicable.
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24.0 mm Hg; P = .027), whereas there was no
statistically significant difference between the groups
with respect to the other functional and structural RV
parameters. The LUSS before discharge in the total
population was 7.5 (2.0–11.0), and it was greater in
group 2 (8.0 [5.5–13.5] versus 2.0 [1.0–7.0];
P < .001; Figure 2).

Most of the LUS-detectable lesions of group
2 were located in the anterior area, whereas in group
1, the lesions were predominantly located in the pos-
terior area (Figure 3). On the contrary, there was no
difference concerning the transverse-plane (ie, supe-
rior versus inferior area) lesion distribution. Con-
cerning functional tests, the median 30-second chair
stand test scores were 15.0 (11.0–16.0) in group
1 and 10.0 (7.5–12.0) in group 2 (P = .012). The
other functional tests showed no significant differ-
ences between 2 groups.

Table 3. Laboratory, US, and Functional Test Findings of Patients Before Discharge From the COVID-19 Rehabilitation Unit

Severe Disease With Need for Ventilatory Support

Variable Total No Yes P

Patients 70 27 43
Laboratory findings
White blood cell count, ×109/L 6.2 (5.0–7.5) 6.0 (5.0–7.0) 6.8 (5.2–7.8) .179
Lymphocyte count, ×109/L 1.7 (1.3–2.5) 1.6 (1.3–2.2) 1.7 (1.4–2.6) .196
C-reactive protein, mg/L 6.1 (2.3–12.6) 10 (2.0–18.2) 5.5 (2.3–9.8) .308
D-Dimer, μg/mL 0.51 (0.36–0.87) 0.56 (0.35–1.20) 0.51 (0.36–0.67) .584
Serum ferritin, μg/L 442 (220–720) 417 (87–726) 442 (276–580) .821
NT-pro-BNP, pg/mL 167 (96–336) 276 (137–394) 151 (77–262) .124

TTE of the RV
Base-level diameter, mm 34.0 ± 7.1 35.2 ± 6.1 33.6 ± 7.5 .464
Mid-level diameter, mm 26.7 ± 6.3 27.3 ± 5.3 26.5 ± 6.7 .702
Estimated PASP, mm Hg 27.0 ± 6.3 24.0 ± 6.1 28.4 ± 6.0 .027
TAPSE, mm 22.6 ± 5.2 21.8 ± 4.4 23.0 ± 5.6 .461
Lateral tricuspid S’TDI, cm/s 16.4 ± 3.9 15.4 ± 3.1 16.8 ± 4.1 .243

LUS
LUSS, points 7.5 (2.0–11.0) 2.0 (1.0–7.0) 8.0 (5.5–13.5) <.001
Lesion distribution
In the frontal plane
Anterior areas 171/522 (33) 21/102 (21) 150/420 (36) .021
Lateral areas 165/522 (31) 32/102 (31) 133/420 (32) >.99
Posterior areas 186/522 (36) 49/102 (48) 137/420 (32) .021

In the transverse plane
Superior areas 247/522 (47) 45/102 (44) 202/420 (48) >.99
Inferior areas 275/522 (53) 57/102 (56) 218/420 (52) >.99

Functional tests
30-s chair stand test, repetitions 11.0 (8.0–14.0) 15.0 (11.0–16.0) 10.0 (7.5–12.0) .012
Time of up-and-go test, s 10.0 (9.0–15.0) 13.0 (8.5–15.0) 10.0 (9.0–12.0) .344
Functional independence measure, points 103 (85–112) 94 (65–111) 106 (96–112) .096

Data are presented as median (interquartile range), mean ± SD, and number (percent) where applicable. NT-pro-BNP indicates N-terminal
pro–brain natriuretic peptide; S’TDI, tissue Doppler imaging; and TAPSE, tricuspid annular plane systolic excursion.

Figure 2. Lung US score before discharge from the rehabilitation
unit in patients who had mild and severe disease. Box plot shows
the median (middle black line), interquartile range (box), and maxi-
mum nonoutlying envelope (2 outward black lines). X represents
the mean. Asterisks indicate P < .001.
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Discussion

The main result of this pilot study was the observation
of residual lung alterations on the LUS assessment at
the time of discharge in patients with COVID-19 who
had a more severe form of the disease, despite a pro-
longed hospital stay with a rehabilitation period. In
fact, in patients with mild acute disease, no alterations
were detectable in clinical, laboratory, TTE, and LUS
findings at the time of discharge. Therefore, these
patients did not show any subclinical persistence of the
disease. Only serum ferritin values were above the nor-
mal range at discharge, possibly readable as the wake
of the inflammatory process.25

On the contrary, in patients who required ventila-
tory support, even when discharge criteria were met,
LUS showed the presence of substantial lung alter-
ations, whereas other clinical, functional, and laboratory
parameters were comparable to those of group 1. Lung
US findings can be interpreted as a manifestation of the
subclinical persistence of the disease. At present, this is
the first preliminary study, to our knowledge, evaluating
the role of LUS in the postacute phase of COVID-19.

The reason why substantial lung alterations at
LUS are evident without clinical manifestations is not

clear. These US findings could be an expression of
slow anatomic healing with or without fibrotic pro-
gression, as described after acute respiratory distress
syndrome due to severe viral pneumonia,26,27 or virus
persistence at low levels (not detectable with RT-
PCR) with local subclinical inflammation. In any case,
because of the prevalent peripheral distribution of
lesions described in the advanced disease stage, all of
these pathophysiologic changes could be compen-
sated for by the residual lung function, thus not caus-
ing evident clinical manifestations. Therefore, LUS
follow-up after discharge may be of great importance
in patients who underwent ventilatory support to
monitor the anatomic evolution of pneumonia.

Interestingly, the distribution of LUS lesions in
patients with COVID-19 was significantly different
between patients needing ventilatory support and those
who did not. Anterior areas of the lungs were the most
affected areas in patients with severe disease, whereas
they were less involved in mild disease. Computed
tomography typically shows predominant inferior lobe
involvement in COVID-19,28 which is consistent with
relative sparing of anterior areas. The prevalent anterior
involvement that we observed in patients with severe
COVID-19 may have been the result of the prone

Figure 3. Lung US lesion distribution in the anterior, lateral, and posterior thoracic areas. Asterisks indicate P < .05; and n.s., not significant.
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position frequently adopted in mechanically ventilated
patients.29 Alternatively, anterior segment damage of the
lung may be the hallmark of more severe COVID-19
that is less common than the mild disease type. In this
latter perspective, LUS could be a way to identify the
two clinical phenotypes of COVID-19, in which patients
with broad anterior involvement would lean to more
considerable lung damage and clinical compromise.

Notably, patients with increased lung involvement
on LUS evaluations at discharge also had a higher
PASP value, which, in any case, always remained within
the normal range. Pulmonary hypertension has been
reported in COVID-19 along with other viral pneumo-
nias and is mainly due to hypoxic vasoconstriction.30,31

In addition, the existence of microvascular COVID-19
lung vessel obstructive thromboinflammatory syn-
drome32 has been suggested, and it could be another
pathophysiologic cause of a pulmonary pressure
increase. Progressive normalization of hemodynamic
parameters matches the resolution of pulmonary
involvement. The observation that, in our population,
the group of patients with severe disease had higher
PASP values (in concordance with a higher LUSS) but
still within the normal range suggests that we were
probably observing progressive, but incomplete, resolu-
tion of the damage. However, the absence of a patho-
logic increase of PASP limits the role of
echocardiographic monitoring in follow-up. Con-
versely, our findings support the fact that LUS is prob-
ably a more accurate and sensible index than TTE for
residual lung impairment assessments in COVID-19.

Regarding the functional status of patients, we
found a lower 30-second chair stand test score in
patients who had more severe disease. This was prob-
ably the result of several factors, including a longer
acute-phase hospitalization (conditioning from pro-
longed bed rest and muscle weakness) and, at least in
part, incomplete pulmonary recovery. From this point
of view, the concomitant persistence of LUS abnor-
malities in the same group might help in identifying
patients requiring a prolonged rehabilitation program
that could be conducted at home or in an outpatient
clinic after hospital discharge. Finally and not surpris-
ingly, patients who had more severe pneumonia
remained longer in the acute-subacute medical ward
and received COVID-19 treatments such as hydro-
xychloroquine, azitromycine, lopinavir-ritonavir, anakinra,
and interleukin 6 inhibitors more often.33–36

This preliminary study had several limitations
that need to be acknowledged. First, the number of
patients was limited; therefore, our data must be con-
firmed in a larger series. However, despite the small
number of patients, our results were very consistent
and correlated with the clinical courses of the individ-
ual patients. Second, our observation was limited to
the postacute phase during the in-hospital rehabilita-
tion period. Further data with a follow-up period after
discharge are needed to provide a deeper insight into
the usefulness of LUS in monitoring the pulmonary
healing process and its prognostic role.

In conclusion, this study assessed the role of LUS
in the evaluation of patients with COVID-19 after
prolonged hospitalization and rehabilitation, showing
the persistence of an abnormal LUSS in those
patients with a more severe acute phase even when
they met discharge criteria. Although this was a pilot
study, and these initial observations should be con-
firmed in larger populations, our data support the fact
that LUS is a simple and effective modality even for
the postacute assessment of lung impairment in
COVID-19. The absence of main changes in labora-
tory tests and TTE findings suggests that the LUSS
could be a more sensitive indicator of subclinical
residual lung damage in clinically healed patients,
deserving a central role in follow-up monitoring.

Moreover, an LUS examination is easy to perform,
requires short training,11,12 and has several advantages
that may overcome undeniable CT limitations: low
cost, no radiation exposure, frequently repeatable, and
the option to be performed with portable devices.
Therefore, whereas CT remains the central tool for the
initial diagnostic assessment and in-hospital manage-
ment, LUS may be adopted in primary care and outpa-
tient settings for the effective monitoring of patients
after discharge, particularly after a severe acute phase.
The use of LUS might simplify the follow-up with a
reduction of direct and indirect costs linked to
COVID-1937 and optimization of available resources.
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