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Abstract: Background: The purpose of this study was to evaluate High-Resolution CT (HRCT) find-
ings in SARS-CoV-2-related ARDS survivors treated with prolonged low-dose methylprednisolone
after hospital discharge. Methods: A total of 44 consecutive patients (M: 32, F: 12, average age:
64), hospitalised in our department from April to September 2020 for SARS-CoV-2-related ARDS,
who had a postdischarge CT scan, were enrolled into this retrospective study. We reviewed the
electronic medical charts to collect laboratory, clinical, and demographic data. The CT findings
were evaluated and classified according to lung segmental distribution. The imaging findings were
correlated with spirometry results and included ground glass opacities (GGOs), consolidations,
reticulations, bronchiectasis/bronchiolectasis, linear bands, and loss of pulmonary volume. Results:
Alterations in the pulmonary parenchyma were observed in 97.7% of patients at HRCT (median
time lapse between ARDS diagnosis and HRCT: 2.8 months, range 0.9 to 6.7). The most common
findings were linear bands (84%), followed by GGOs (75%), reticulations (34%), bronchiolectasis
(32%), consolidations (30%), bronchiectasis (30%) and volume loss (25%). They had a symmetric
distribution, and both lower lobes were the most affected areas. Conclusions: A reticular pattern with
a posterior distribution was observed 3 months after discharge from severe COVID-19 pneumonia,
and this differs from previously described postCOVID-19 fibrotic-like changes. We hypothesized that
the systematic use of prolonged low-dose of corticosteroid could be the main reason of this different
CT scan appearance.

Keywords: acute respiratory distress syndrome; COVID-19 pneumonia; high resolution computed
tomography; pulmonary fibrosis

1. Introduction

There is an association between the COVID-19 syndrome, due to the new severe
acute respiratory syndrome-coronavirus-2 (SARS-CoV-2), with acute respiratory distress
syndrome (ARDS), requiring noninvasive/invasive mechanical ventilation, in approxi-
mately 15% of cases [1]. ARDS is one of the most deleterious forms of acute lung injury
and develops within 7 days from an identifiable cause other than cardiac failure. Initial
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predictive signs are bilateral radiographic lung opacities and severe hypoxemia, defined as
a PaO2:FiO2 of ≤300, measured with at least 5 cmH2O positive end-expiratory pressure [2].
To date, the treatment for ARDS is mainly supportive and includes non-invasive mechani-
cal ventilation (NIV), although intubation and invasive mechanical ventilation (IMV) are
required in some cases [3]. After numerous randomized controlled trials demonstrated that
glucocorticoids are the only drug able to improve survival in hospitalized patients, they
have become the mainstay of COVID-19 treatment [4,5]. The high mortality rate of ARDS
increased further during the COVID-19 pandemic to reach almost 50% of those affected.
Acute phase survivors enter into an extended repair phase characterised by a decrease
in alveolar infiltrates, followed by gradual clinical improvement [6]. Although quite a
large proportion of these patients do return to normal lung function and imaging within
the following few months, some of them have persistent interstitial infiltrates, followed
by pulmonary fibrosis associated with a restrictive pattern and/or a reduction in carbon
monoxide diffusing capacity (DLCO).

Whether or not COVID-19 patients who survive the acute phase of the disease are at
risk of chronic sequelae is currently a question of debate. However, 70% of patients who
recover from ARDS, whatever the underlying cause, have abnormal imaging findings at
a 6-month follow-up [7]. Moreover, it has been demonstrated that previous coronavirus-
related epidemic infections, such as severe acute respiratory syndrome (SARS) and the
Middle East respiratory syndrome (MERS), are related to a higher incidence of fibrosis [8].
Therefore, it is reasonable to presume that pulmonary fibrosis may well be a sequelae of
COVID-19, and several hypotheses as to its potential pathogenetic mechanisms have been
put forward [9,10].

This study describes the short-term high-resolution CT (HRCT) findings in patients
with a severe COVID-19 pneumonia complicated by ARDS and treated with systemic
corticosteroid according to WHO recommendations after hospital discharge. The secondary
objective was to investigate the correlation between the HRCT findings and the respiratory
functional tests at follow-up.

2. Materials and Methods

This retrospective study was approved by the Local Ethical Committee (CEUR-2020-
Os-148) and carried out in accordance with the Declaration of Helsinki. A total of 44 consec-
utive patients, who had been admitted to the Respiratory High-Dependency Unit (RHDU)
of the University Hospital of Trieste between 1 October 2020 and 30 November 2020 with a
SARS-CoV-2 infection, demonstrated by a positive reverse transcriptase polymerase chain
reaction (RT-PCR) test on either a nasopharyngeal swab or bronchoalveolar lavage, were
retrospectively retrieved. Any patients with (i) a previous clinical history of lung disease;
(ii) age < 18 years; or (iii) inadequate HRCT due to motion artifacts were excluded from
the study [11–14]. Inclusion criteria were: (1) SARS-CoV-2 positive (on swab or bronchial
wash); (2) age > 18 years and <80 years; (3) PaO2:FiO2 < 250 mmHg; (4) bilateral infiltrates
at chest radiography; (5) CRP > 100 mg/L; and/or (6) diagnosis of acute respiratory dis-
tress syndrome (ARDS) according to the Berlin definition during hospitalization; and (7) at
least one HRCT performed within 3 months after hospital discharge as an alternative to
criteria (4) and (5) [11–14].

Upon admission to our hospital unit, all patients with severe COVID-19 received
high-flow oxygen nasal cannula (HFNC) as initial safe standard oxygen treatment [15],
passing then to either noninvasive or invasive mechanical ventilation (MV) if gas exchange
worsened during HFNC. At the initial evaluation, all patients received noninvasive CPAP
to assess the PF ratio, as suggested by the Berlin definition of ARDS [2]. The relevant
demographic and clinical data were manually extrapolated from electronic medical records
or charts and anonymously coded into a standardized data collection form. Two inde-
pendent, experienced physicians assessed the data, and another researcher evaluated any
differences in interpretation between the primary reviewers whenever necessary. HRCT
was performed by a 256-row multidetector CT system (Brilliance iCT 256, Philips, Best,
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The Netherlands), and images were acquired during a single breath hold at full inspiration,
with the patient in a supine position. The technical parameters were: rotation time, 270 ms;
beam collimation, 128 × 2 × 0.625 mm; normalized pitch, 0.975; z-axis coverage, 160 mm;
reconstruction interval, 0.3 mm; section reconstruction thickness, 1 mm; tube voltage,
120 kV; tube current (effective mA), 280–400 depending on patient size; and a 40 cm field of
view. The CT images were analyzed at standard lung window settings (window level of
−600 HU and window width of 1600 HU) and mediastinal window settings (window level
400 HU and window width 40 HU).

The images were reviewed in consensus by two thoracic radiologists with 15 and
10 years of experience, respectively. Any discrepant interpretations were re-evaluated
by a third specialist with 20 years’ experience. The following CT findings, as defined
by the Fleischner Society glossary of terms, were evaluated [13]: ground glass opacities,
air-space consolidations with or without air bronchogram, and the presence of signs of
fibrosis (reticulations, traction bronchiectasis and bronchiolectasis, honeycombing, loss of
volume, and/or architectural distortion). The loss of pulmonary volume was reported if
fissures appeared to be retracted and abnormally misplaced [16]. Locations were described
according to the pulmonary segmental subdivisions. If other relevant findings at HRCT
were present, i.e., pleural effusion or pulmonary artery enlargement, they were also noted.
The measurements of pulmonary artery diameter were obtained in the axial plane at the
bifurcation of the pulmonary artery [17].

Spirometry was performed in the Pulmonology Units of the University Hospital of
Trieste within one week before HRCT; the same machine was used for all patients. Global
spirometry values were recorded.

Continuous variables were summarized by mean and standard deviation or by me-
dian and range (minimum–maximum). The Shapiro–Wilk test was used to assess the
distribution of numerical parameters, i.e. normality test. The data evidenced by the control
CT scan were analyzed using absolute and percentage frequencies to identify radiographic
abnormalities and determine their position in the lobes. The most common findings, i.e.,
ground glass, consolidations, reticulations, lobe volume reduction, bronchiectasis, bron-
chiolectasis, bands/opacity, and pleural effusion, were correlated with the results of the
control spirometry. The Student’s t-test or the Mann–Whitney test assessed continuous
variables, whilst categorical variables were compared by the Chi-square test of indepen-
dence or by Fischer’s exact test, when appropriate, i.e., if more than 20% of the expected
frequencies in the contingency table was <5 or at least one cell had an expected frequency
of <1). The data analysis was made by the Software R (version 4.0.2, 2020), the statistical
tests were two-tailed, and the level of statistical significance was set at a p-value of <0.05.

3. Results

Forty-four patients met the inclusion criteria and were included in the study. There
were 32 males (72.7%) and 12 females (27.3%), and the average age was 64 (Standard
Deviation [SD]: 12). A total of 22/44 patients were never smokers. All patients enrolled
received medical therapy during hospitalization, i.e., 95.5% of them were put on prolonged
low-dose methylprednisolone, in line with the protocol adopted in our Center for the
treatment of ARDS [14]. Exposure to methylprednisolone complied with the following
protocol: a loading dose of 80 mg intravenously (iv) at study entry (baseline), followed by
an infusion of 80 mg/d in 240 mL of normal saline at 10 mL/h for at least 8 days, until
achieving either a PaO2:FiO2 > 350 mmHg or a CRP < 20 mg/L; after which was performed
oral administration at 16 mg or 20 mg iv twice daily until CRP reached <20% of the normal
range or a PaO2:FiO2 > 400 (alternative SatHbO2 ≥ 95% on room air) [14].

A total of 43/44 patients required NIV (98.3%), and the clinical condition worsened
in 12/44 (27.3%) who required IMV with pronation. The median time between the first
positive RT-PCR and swab negativization was 23 days (range: 3–64), with a median
hospitalization of 26.5 days (range: 14–194). Three patients died after hospital discharge
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(6.8%) due to ARDS-related complications. The clinical characteristics of the patients are
reported in Table 1.

Table 1. Characteristics of the patients.

Characteristic Patients (N = 44)

Age (years)
Mean (SD) 64 (12)

Gender (N,%)
Males 32 (72.7)
Females 12 (27.3)

Smoking habit (N,%)
Never smoker 22 (51.2)
Yes, current smoker 11 (25.6)
Yes, former smoker 10 (23.3)

Comorbidities (N,%)
None 11 (25.0)
One 14 (31.8)
≥2 19 (43.2)

Type of Comorbidity (N,%)
Arterial hypertension 18 (40.9)
Diabetes 12 (27.3)
COPD 6 (13.6)
Cardiovascular diseases 9 (20.5)
Obesity 15 (34.1)

PiO2:FiO2 (N,%)
<100 7 (16.3)
100–200 33 (76.7)
≥200 3 (7)
N/A 1

Pharmacological treatments (N,%)
Corticosteroids 42 (95.5)
Antiviral agents 14 (31.8)
Hydroxychloroquine 20 (45.5)
Antibiotics 29 (65.9)
Remdesivir 0
Tocilizumab 4 (9.1)

Intensive therapy (N,%) 12 (27.3)

NIV (N,%) 43 (98.3)

IMV (N,%) 13 (29.5)

Pronation (N,%) 12 (27.3)

Time between first positive swab and swab negativization (days)
Median (Min-Max) 23 (3–64)

Hospitalization days
Median (Min-Max) 26.5 (14–194)

Time between ARDS diagnosis and HRCT (months)
Median (Min-Max) 2.8 (1.9–3.7)

Time between swab negativization and HRCT (days)
Median (Min-Max) 61.5 (17–168)

Spirometry values (N/total number of patients, %)
Within normal limits 15/30 (50.0)
Mild obstructive deficit 3/30 (10.0)
Mild restrictive deficit 5/30 (16.7)
Reduction of DLCO 12/30 (40.0)



J. Clin. Med. 2021, 10, 3985 5 of 14

Table 1. Cont.

Characteristic Patients (N = 44)

Status of patients
Discharged 41 (93.2)
Deceased 3 (6.8)

NIV: noninvasive mechanical ventilation; IMV: invasive mechanical ventilation.

3.1. HRCT Imaging Findings

The median time lapse between ARDS diagnosis and follow-up HRCT was 2.8 months,
ranging from 1.9 to 3.7; the median time lapse between swab negativization and HRCT
was 61.5 days (range: 17–168). Alterations in the pulmonary parenchyma were observed in
97.7% of patients. Linear bands were the most common finding (84%), followed by GGOs
(75%), reticulations (34%), bronchiolectasis (32%), consolidations (30%), bronchiectasis
(30%), and volume loss (25%) (Figure 1). The imaging data had a symmetric distribution,
and the lower lobes were the most affected areas (Figure 2, Table 2).
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Table 2. Segmental distribution of the most common HRCT findings in each lung.

LEFT LUNG

HRCT Finding Upper Lobe Lingula Lower Lobe

Apicopost. Ant. Superior Inferior Superior Anteromed. Lat. Post.

Ground Glass
Opacities (N,%)

22
(50)

12
(27.3)

18
(40.9)

17
(38.6)

17
(38.6)

18
(40.9)

18
(40.9)

21
(47.7)

Reticulations
(N,%)

5
(11.4)

6
(13.6)

8
(18.2)

8
(18.2)

6
(13.6)

7
(15.9)

7
(15.9)

7
(15.9)

Linear bands,
indifferent course

(N,%)

6
(13.6)

6
(13.6)

2
(4.5)

8
(18.2)

6
(13.6)

7
(15.9)

7
(15.9)

11
(25)

Linear bands,
subpleural (N,%)

3
(6.8)

1
(2.3)

1
(2.3)

1
(2.3)

1
(2.3)

6
(13.6)

7
(15.9)

6
(13.6)

Linear bands,
perilobular (N,%) 0 0 2

(4.5)
3

(6.8)
2

(4.5)
2

(4.5)
4

(9.1)
6

(13.6)

Linear bands,
subpleural and

perilobular (N,%)
0 0 0 0 1

(2.3)
2

(4.5)
3

(6.8)
3

(6.8)

Bronchiectasis 4
(9.1)

4
(9.1)

5
(11.4)

4
(9.1)

5
(11.4)

3
(6.8)

5
(11.4)

5
(11.4)

Bronchiolectasis 5
(11.4)

3
(6.8)

3
(6.8)

4
(9.1)

3
(6.8)

4
(9.1)

5
(11.4)

7
(15.9)

RIGHT LUNG

HRCT finding Upper Lobe Middle Lobe Lower Lobe

Apical Post. Ant. Lat. Med. Sup. Ant. Lat. Post. Med.

Ground Glass
Opacities (N,%)

13
(29.5)

23
(52.3)

14
(31.8)

18
(40.9)

9
(20.5)

18
(40.9)

19
(43.2)

23
(52.3)

25
(56.8)

18
(40.9)

Reticulations (N,%) 8
(18.2)

6
(13.6)

6
(13.6)

8
(18.2)

5
(11.4)

10
(22.7)

5
(11.4)

8
(18.2)

10
(22.7)

7
(15.9)

Linear bands,
Indifferent course

(N,%)

5
(11.4)

7
(15.9)

7
(15.9)

8
(18.2)

8
(18.2)

5
(11.4)

5
(11.4)

7
(15.9)

12
(27.3)

4
(9.1)

Linear bands,
subpleural (N,%) 0 2

(4.5)
1

(2.3)
2

(4.5)
1

(2.3)
1

(2.3)
2

(4.5)
7

(15.9)
8

(18.2) 0

Linear bands,
perilobular (N,%) 0 0 0 1

(2.3)
1

(2.3) 0 0 1
(2.3)

2
(4.5) 0

Linear bands,
subpleural and

perilobular (N,%)
0 1

(2.3) 0 3
(6.8)

1
(2.3)

2
(4.5)

3
(6.8)

5
(11.4)

5
(11.4) 0

Bronchiectasis 4
(9.1)

5
(11.4)

5
(11.4)

7
(15.9)

7
(15.9)

2
(4.5)

4
(9.1)

6
(13.6)

8
(18.2)

3
(6.8)

Bronchiolectasis 2
(4.5)

4
(9.1)

3
(6.8)

4
(9.1)

4
(9.1)

3
(6.8)

6
(13.6)

6
(13.6)

9
(20.5)

5
(11.4)

Apicopost.: apicoposterior; Ant.: anterior; Anteromed: anteromedial; Lat.: lateral; Post.: posterior; Med.: medial; Sup.: superior.

A statistically significant increase in linear bands at the level of the right lung was ob-
served in smokers compared to never-smokers (90.5% vs. 63.6%, respectively, p-value = 0.04)
(Table 3). No other statistically significant values were observed (Table 3). A statistical
significant presence of bronchiectasis was observed in patients who were invasively ven-
tilated compared to those who were not (53.9% vs. 16.1%, respectively, p-value = 0.02)
(Table 4). No other statistically significant values are observed (Table 4). A statistically
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significant increase in bronchiectasis and bronchiolectasis at the level of the right lung was
observed in patients who were pronated compared to those who were not pronated (90.5%
vs. 63.6%, respectively, p-value = 0.04) (Table 5). No other statistically significant values
were observed (Table 5).

Table 3. Different HRTC patterns in smokers and never-smokers.

Right Lung Left Lung

TC Patterns Never Smokers
(n = 22)

Smokers
(n = 21) p-Value Never Smokers

(n = 22)
Smokers
(n = 21) p-Value

Ground Glass Opacities 17 (77.3%) 16 (76.2%) 0.93 17 (77.3%) 16 (76.2%) 0.93

Linear Bands 14 (63.6%) 19 (90.5%) 0.04 15 (68.2%) 17 (86.0%) 0.34

Reticulations 8 (36.4%) 5 (23.8%) 0.37 5 (22.7%) 5 (23.8%) 0.93

Consolidations 6 (27.3%) 6 (28.6%) 0.92 4 (18.2%) 4 (19.1%) 0.94

Loss of pulmunary Volume 3 (13.6%) 6 (28.6%) 0.23 3 (13.6%) 7 (33.3%) 0.13

Bronchiectasis 5 (22.7%) 6 (28.6%) 0.66 3 (13.6%) 6 (28.6%) 0.23

Bronchiolectasis 4 (18.2%) 8 (38.1%) 0.15 4 (18.2%) 6 (28.6%) 0.42

Total patterns
Median (25p–75p) 2 (1–4) 3 (2–5) 0.31 2 (1–3) 3 (1–5) 0.35

Pulmonary artery diameter
a.p. Median (25p–75p) 27 (26–30) 27 (26–29) 0.79

PA/AA ratio
Median (25p–75p) 0.77 (0.72–0.91) 0.79 (0.72–

0.90) 0.86

a.p.: axial plane; PA: pulmonary artery; AA: ascending aorta.

Table 4. Different HRTC patterns in IMV and not-IMV.

Right Lung Left Lung

TC Patterns Not-IMV
(n = 31)

IMV
(n = 13) p-Value Not-IMV

(n = 31)
IMV

(n = 13) p-Value

Ground Glass Opacities 24 (77.4%) 9 (69.2%) 0.57 24 (77.4%) 9 (69.2%) 0.57

Linear Bands 21 (67.7%) 12 (92.3%) 0.09 21 (67.7%) 11 (84.6%) 0.25

Reticulations 9 (29.0%) 5 (38.5%) 0.54 8 (5.8%) 3 (23.1%) 0.85

Consolidations 10 (32.3%) 3 (23.1%) 0.54 6 (19.4%) 3 (23.1%) 0.78

Loss of pulmunary Volume 5 (16.1%) 5 (38.5%) 0.11 6 (19.4%) 5 (38.5%) 0.18

Bronchiectasis 5 (16.1%) 7 (53.9%) 0.02 6 (19.4%) 4 (30.8%) 0.41

Bronchiolectasis 8 (25.8%) 5 (38.5%) 0.40 7 (22.6%) 4 (30.8%) 0.57

Total patterns
Median (25p–75p) 2 (1–4) 4 (2–5) 0.13 2 (1–4) 2 (2–5) 0.39

Pulmonary artery diameter
a.p. Median (25p–75p) 27 (26–29) 27 (25–31) 0.65

PA/AA ratio
Median (25p–75p) 0.80 (0.73–0.91) 0.732

(0.63–0.84) 0.07

IMV: invasive mechanical ventilation; a.p.: axial plane; PA: pulmonary artery; AA: ascending aorta.

3.1.1. Ground Glass Opacities

Ground glass opacities were observed in 33/44 patients (Figure 3). They were mainly
in the right lung, particularly the posterior lower lobe, where all segments were similarly
involved (40.9% at the apical segment, 56.8% in the posterior one). GGOs were present in
the posterior segment of the upper lobe in 52.3% of cases, whilst the observation of GGOs



J. Clin. Med. 2021, 10, 3985 8 of 14

in the two segments of the middle lobe and anterior and apical segments of the upper
lobe was less common, i.e., 40.9%, 20.5%, 31.8%, and 29.5%, respectively. Similar findings
were observed in the left lung, with a similar trend in all the lower lobe segments (from a
minimum of 38.6% at the apical segment to 47.7% at the posterior one). The lingula was
involved in about 40% of cases. The apicoposterior segment of the upper lobe was the most
commonly involved segment (50%), whilst the anterior lobe was rarely involved (27.3%).

Table 5. Different HRTC patterns in pronated and not-pronated.

Right Lung Left Lung

TC Patterns No Pronated
(n = 32)

Pronated
(n = 12) p-Value No Pronated

(n = 32)
Pronated
(n = 12) p-Value

Ground Glass Opacities 23 (71.9%) 10 (83.3%) 0.43 23 (71.9%) 10 (83.3%) 0.43

Linear Bands 23 (71.9%) 10 (83.3%) 0.43 23 (71.9%) 9 (75.0%) 0.84

Reticulations 8 (25.0%) 6 (50.0%) 0.11 6 (18.8%) 5 (41.7%) 0.12

Consolidations 8 (25.0%) 5 (41.7%) 0.28 6 (18.8%) 3 (25.0%) 0.65

Loss of pulmunary Volume 7 (21.9%) 3 (25.0%) 0.83 8 (25.0%) 3 (25.0%) 0.99

Bronchiectasis 6 (18.8%) 6 (50.0%) 0.04 6 (18.8%) 4 (33.3%) 0.30

Bronchiolectasis 6 (18.8%) 7 (58.3%) 0.02 6 (18.8%) 5 (42.7%) 0.12

Total patterns
Median (25p–75p) 2 (1–3.5) 4.5 (2.5–5) 0.03 2 (1–3) 3 (2–5) 0.18

Pulmonary artery diameter
a.p. Median (25p–75p) 27 (25–29) 30 (27–31.5) 0.03

PA/AA ratio
Median (25p–75p) 0.76 (0.71–0.88) 0.88

(0.79–0.94) 0.06

a.p.: axial plane; PA: pulmonary artery; AA: ascending aorta.
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Figure 3. Axial HRCT images. (A) Ill-defined subpleural ground glass opacities in the lower lobes
bilaterally; (B) Diffuse ground glass opacities.

3.1.2. Consolidations

Only 13/44 patients had parenchymal consolidations, 9 were bilateral and 4 were
observed in the right lung (Figure 4). The most common sites were the posterior segments
of the right upper lobe (18.2%), followed by the right lower lobe (15.9%). The middle lobe
was rarely involved (2.3%). The parenchymal consolidation distribution was symmetrical
in the left lung, with a prevalent involvement of the posterior segment (13.6%) of the lower
lobe; lingula involvement was less common (6.8%).

3.1.3. Linear Bands

Linear bands were observed in 37/44 cases (84%). The inferior lobe was the most
common site in the right lung, prevalently at the posterior segment (12 patients, 27.3%),
followed the middle lobe (8 patients, 18.2%). Subpleural lines were more frequent in the
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posterior (18.2%) and lateral (15.9%) segments. Similar findings were observed in the
left lung, with linear bands more commonly observed in the lower lobe, mostly at the
posterior segments (11 patients, 25%) and at the inferior segment of the lingula (8 patients,
18.2%). Most of the subpleural lines were observed in the lateral segment of the inferior
lobe (7 patients, 15.9%), followed by the anterior (6 patients, 13.6%) and posterior segments
(6 patients, 13.6%) (Figure 5).
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Figure 5. (A) HRCT multiplanar reconstruction on the sagittal plane of a 64-year-old woman in
which ill-defined ground glass opacities and linear bands are observed. Spirometry values were
normal; (B) Axial HRCT image of another patient showing only linear bands.

3.1.4. Reticulations

A total of 15/44 patients (34%) had reticulations at imaging; 10 were bilateral, and
4 were observed in the right lung and 1 was observed in the left lobe. A total of 15/44 pa-
tients had reticulations in the right lung, most commonly at the upper and middle lobe,
in a similar percentage of cases (18.2%). The lower lobe was also commonly involved,
especially at the apical and posterior segments (22.7% each). A total of 11/44 (25%) patients
had reticulations in the left lung, most commonly at the lingula (18.2%), followed by the
posterior, lateral, and anterior segments of the lower lobe (15.9% each) (Figure 6).

3.1.5. Bronchiectasis/Bronchiolectasis

A total of 27 patients had bronchiectasis (13/44) and bronchiolectasis (14/44). Bronch-
iectasis was observed in 8/13 patients (18.2%) in the posterior segment of the lower lobe of
the right lung, closely followed by the middle lobe in 7/13 (16%) and the lateral segment
of the inferior lobe in 6/13 (13.6%). Bronchiolectasis was more common in the posterior
segment of the inferior lobe (9 patients, 20.5%).
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Figure 6. Axial HRCT image of a patient with extensive lung involvement, including diffuse reticulations,
consolidations that predominate in the subpleural regions, and occurrence of pneumomediastinum.

Bronchiectasis was observed in the left lung in 5/44 (11.4%) patients in the lateral
and posterior segments of the lower lobe and the superior segment of the lingula. Like
bronchiectasis, bronchiolectasis was more predominant in the posterior segment of the
lower lobe of the left lung (7/14 patients, 16%).

3.1.6. Loss of Pulmonary Volume

Pulmonary volume loss was a less common finding, observed in 25% of cases. The
right lung was affected in 10/44 patients (22.7%), most commonly involving the lower lobe
(9/44), followed by the upper lobe (6/44). Loss of left pulmonary volume was observed
in 11/44 patients (25%), with the lower lobe being the most common site (10/44 patients,
22.7%), like in the right lung (Figure 7).
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Figure 7. HRCT of a 72-year-old male who developed severe respiratory failure. The multiplanar
reconstruction on the sagittal plane (A) shows loss of volume of the left lower lobe and diffuse
ground glass opacities and consolidations; the axial plane (B) better demonstrates the presence of
reticulations and bronchiectasis.

3.1.7. Other Findings

Other parenchymal features, including architectural distortion, subpleural bullae,
cysts, nodules, and tree-in-bud opacities, were a rare finding. No honeycombing was
observed in our study population, whilst pleural effusion was observed in 5/44 cases
(11%). Moreover, no enlargement of the main pulmonary artery was identified, with
a mean diameter of the main pulmonary artery (PA) of 27 mm (IQR 26–30) and a PA
diameter-to-aorta ratio of 0.79 (IQR 0.72–0.91).
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3.2. Correlation with Respiratory Function Tests

A total of 30/44 patients had a spirometry test during follow-up. The remaining 14
were either lost to follow-up or had difficulties in performing the examination that led to
nondiagnostic results, which unfortunately may constitute a bias. However, spirometry
data was available for 68.1% of them, and more than half had spirometry values within
the normal limits; in 3/30 (10%) there was a mild obstructive alteration, and in 5/30
(16.7%) a mild restrictive pattern. A reduction of diffusing capacity for carbon monoxide
(DLCO) was observed in 12/30 patients (40%). Presence of bronchiectasis and bronchi-
olectasis in both lungs was statistically significantly correlated with spirometry values
(p-value = 0.009). Loss of pulmonary volume in the left lung also correlated with functional
tests (p-value = 0.026), whilst this correlation is not present for the right lung (p-value = 0.12)
(Table 6).

Table 6. Correlation between radiological findings and spirometry values.

RIGHT LUNG

Main HRCT findings Spirometry values

Ground Glass Opacities p = 0.36

Consolidations p = 0.18

Reticulations p = 0.66

Lobar volume reduction p = 0.12

Bronchiectasis p = 0.009

Bronchiolectasis p = 0.0123

Linear Bands p = 0.09

LEFT LUNG

Main HRCT findings Spirometry values

Ground Glass Opacities p = 0.36

Consolidations p = 0.27

Reticulations p = 0.18

Lobar volume reduction p = 0.026

Bronchiectasis p = 0.002

Bronchiolectasis p = 0.03

Linear Bands p = 0.67

There was no correlation between the GGOs or consolidations and the spirometry
values. However, it was noted that 4/6 patients (66.7%) with consolidations in the right
lung had a reduced DLCO, whilst only 8/24 (33.3%) of patients with no consolidations had
an altered DLCO. Similar findings were observed for reticulations, with reduced DLCO
values in 4/6 (66.7%) patients with reticulations in the left lung, whilst only 2/6 (33.3%) of
patients with no reticulations had an altered DLCO.

The 5/6 patients (83.3%) who had loss of pulmonary volume and a DLCO reduction
also had GGOs, bronchiectasis/bronchiolectasis, and linear bands at HRCT; only two of
them had consolidations, and none had reticulations.

4. Discussion

This study details the short-term radiological findings at HRCT in patients affected
by a severe SARS-CoV-2 infection with the development of ARDS during hospitalization.
Literature reports that 70% of patients who recover from ARDS, whatever the underlying
cause, have abnormal imaging findings at 6 months and in some cases may develop
complications such as fibrosis and pulmonary hypertension [7]. Our study shows that also



J. Clin. Med. 2021, 10, 3985 12 of 14

in COVID-19-related ARDS, 97.7% of patients had imaging documented sequelae at the
follow-up CT scan. Noteworthy is the type of imaging findings observed in these patients
after hospital discharge and the most common sites they occurred in. Indeed, the most
common radiological findings were linear bands with variable paths, from indifferent to
subpleural, ground-glass opacities, and, less commonly, also reticulations, observed in 84%,
75%, and 34% of patients, respectively.

Literature has described the onset of fibrosis after ARDS, and it has mainly been
related to the barotrauma induced by mechanical ventilation on the alveolar structures [18].
Moreover, some authors reported that previous coronavirus-related epidemic infections,
such as severe acute respiratory syndrome (SARS) and the Middle East respiratory syn-
drome (MERS), are related to a higher incidence of fibrosis in 33% and 38% of patients at a
three-month follow-up, respectively [19]. These preliminary findings suggest that attention
should be paid to a possible postinfectious fibrotic evolution of COVID-19 and prompt
further studies are needed to assess the longer-term outcomes in this selected population
of patients with severe SARS-CoV-2 infection.

The bilateral posterior lung segments were the most commonly involved areas in
our series in both the upper and lower lobes. In addition to the most common patterns
(GGOs and linear bands), bronchiectasis/bronchiolectasis and loss of volume were also
present at this level. It is still not clear if the preferential involvement of posterior zones
of the lung parenchyma is related to a direct virus-related parenchymal damage or to
ventilation-related barotrauma. Indeed, it remains to be determined if the fibrotic outcome
of SARS-CoV-2-related ARDS may have characteristics and presentations other than fibrosis
secondary to ARDS due to other causes, where the related findings predominate in the
anterior nondependent zones of the upper lobes [18].

Han et al. reported having observed that about one third of the patients treated with
noninvasive ventilation developed fibrotic-like changes, in particular the elderly ones with
a history of COVID-related ARDS [20]. However, these authors did not report on the
location of the findings on the basis of an HRCT. Moreover, our series observed only mild
fibrotic-like changes that included reticulations and a small percentage of bronchiecta-
sis/bronchiolectasis and loss of volume.

Furthermore, Shan et al. reported in their study population that 65% of survivor
patients 3 months after hospital discharge presented reticulations or traction bronchiecta-
sis [21], while in our study population these pulmonary sequelae were reticulations in 34%
and bronchiectasis in 30%, respectively.

We can assume that the minor presence of these alterations in our population may
be correlated with the use of glucocorticoids. In fact, other studies report benefits regard-
ing symptoms and radiological picture in patients with post-COVID inflammatory lung
diseases [22].

Literature reports that pleural effusion is an atypical finding in SARS-CoV2-2 infec-
tion [20–30]. Indeed, the presence of pleural effusion observed in 11% of our series could
well be attributed to coexisting comorbidities rather than the infectious process itself, as it
occurred in the elderly patients and those with underlying cardiovascular diseases.

As to the secondary aim of this study (correlation between the HRCT findings and the
respiratory functional tests at follow-up), we observed that the most common alteration at
spirometry was a mild DLCO reduction (<80%, in 12/30 patients, 40%). This is in line with
previously reported data during the SARS and MERS epidemics [24], and recent studies
have reported a reduced DLCO in COVID-19 patients [25,26]. A study carried out in China
in 2020 evaluated the presence of functional alterations in 55 patients who did not develop
a severe pneumonia, 3 months after the resolution of the COVID-19 infection [27]. They
also reported that a DLCO reduction (25.45% of patients) was the most frequent alteration.
Although these authors reported a slightly lower percentage than ours, this discrepancy
may be related to the different characteristics of our case series. That is, our study included
critical patients with a more severe clinical onset where it is reasonable to expect a larger
percentage of DLCO reduction.
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The main limitations of this study are its retrospective nature and the small, al-
though homogeneous, sample size, as well as the fact that not all patients were able to
do the spirometry test. To the best of our knowledge, this is the first study to classify
parenchymal abnormalities after SARS-CoV-2-related ARDS, according to segmental pul-
monary anatomy.

5. Conclusions

In conclusion, post-discharge HRCT of patients with a resolved severe SARS-CoV-2
infection complicated by ARDS demonstrated parenchymal alterations at short-term follow-
up. The most common patterns (GGOs and linear bands), bronchiectasis/bronchiolectasis,
and loss of volume were present in the bilateral posterior lung segments. Whilst pulmonary
opacities varied in how quickly they gradually resolved, a long-term follow-up is a must
to identify fibrotic-like changes to establish whether they are reversible, progressive, or
permanent. To date, it cannot yet be determined whether these COVID-related fibrotic
changes are reversible or not. Therefore, these patients should be given both a radiological
and clinical follow-up to determine the most appropriate management and therapeutic
strategies. Hopefully, further studies will provide the much needed data for a better
understanding of the radiological and clinical evolution of SARS-CoV-2 severe pneumonia.

Author Contributions: Conceptualization and writing—original draft preparation, E.B., B.R. and
M.A.C.; writing—review and editing, C.M. and N.S.; supervision, F.S., F.G., E.Q. and M.C. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Local Ethical Committee (protocol code (CEUR-2020-
Os-148 and date of approval 30 September 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patient(s) to publish this paper.

Data Availability Statement: All the data are available upon reasonable request to the correspond-
ing author.

Acknowledgments: Kindly supported by Cariparo Foundation—CovidDIMED project. The authors
would like to thank Barbara Wade for her linguistic advice.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sun, P.; Qie, S.; Liu, Z.; Ren, J.; Li, K.; Xi, J. Clinical characteristics of hospitalized patients with SARS-CoV-2 infection: A single

arm meta-analysis. J. Med. Virol. 2020, 92, 612–617. [CrossRef]
2. Force, A.D.T.; Ranieri, V.M.; Rubenfeld, G.D.; Thompson, B.T.; Ferguson, N.; Caldwell, E.; Fan, E.; Camporota, L.; Slutsky, A.S.

Acute Respiratory Distress Syndrome. JAMA 2012, 307, 2526–2533. [CrossRef]
3. Confalonieri, M.; Salton, F.; Fabiano, F. Acute respiratory distress syndrome. Eur. Respir. Rev. 2017, 26, 160116. [CrossRef]

[PubMed]
4. The WHO Rapid Evidence Appraisal for COVID-19 Therapies (REACT) Working Group; Sterne, J.; Murthy, S.; Diaz, J.V.; Slutsky,

A.S.; Villar, J.; Angus, D.C.; Annane, D.; Azevedo, L.C.P.; Berwanger, O.; et al. Association Between Administration of Systemic
Corticosteroids and Mortality Among Critically Ill Patients With COVID-19: A Meta-analysis. JAMA 2020, 324, 1330–1341.
[CrossRef] [PubMed]

5. Meduri, G.U.; Annane, D.; Confalonieri, M.; Chrousos, G.P.; Rochwerg, B.; Busby, A.; Ruaro, B.; Meibohm, B. Pharmacological
principles guiding prolonged glucocorticoid treatment in ARDS. Intensiv. Care Med. 2020, 46, 2284–2296. [CrossRef] [PubMed]

6. Ruaro, B.; Salton, F.; Braga, L.; Wade, B.; Confalonieri, P.; Volpe, M.; Baratella, E.; Maiocchi, S.; Confalonieri, M. The History
and Mystery of Alveolar Epithelial Type II Cells: Focus on Their Physiologic and Pathologic Role in Lung. Int. J. Mol. Sci. 2021,
22, 2566. [CrossRef] [PubMed]

7. Sheard, S.; Rao, P.; Devaraj, A. Imaging of Acute Respiratory Distress Syndrome. Respir. Care 2012, 57, 607–612. [CrossRef]
8. Hosseiny, M.; Kooraki, S.; Gholamrezanezhad, A.; Reddy, S.; Myers, L. Radiology Perspective of Coronavirus Disease 2019

(COVID-19): Lessons From Severe Acute Respiratory Syndrome and Middle East Respiratory Syndrome. Am. J. Roentgenol. 2020,
214, 1078–1082. [CrossRef]

http://doi.org/10.1002/jmv.25735
http://doi.org/10.1001/jama.2012.5669
http://doi.org/10.1183/16000617.0116-2016
http://www.ncbi.nlm.nih.gov/pubmed/28446599
http://doi.org/10.1001/jama.2020.17023
http://www.ncbi.nlm.nih.gov/pubmed/32876694
http://doi.org/10.1007/s00134-020-06289-8
http://www.ncbi.nlm.nih.gov/pubmed/33150472
http://doi.org/10.3390/ijms22052566
http://www.ncbi.nlm.nih.gov/pubmed/33806395
http://doi.org/10.4187/respcare.01731
http://doi.org/10.2214/AJR.20.22969


J. Clin. Med. 2021, 10, 3985 14 of 14

9. Gentile, F.; Aimo, A.; Forfori, F.; Catapano, G.; Clemente, A.; Cademartiri, F.; Emdin, M.; Giannoni, A. COVID-19 and risk of
pulmonary fibrosis: The importance of planning ahead. Eur. J. Prev. Cardiol. 2020, 27, 1442–1446. [CrossRef]

10. Grillo, F.; Barisione, E.; Ball, L.; Mastracci, L.; Fiocca, R. Lung fibrosis: An undervalued finding in COVID-19 pathological series.
Lancet Infect. Dis. 2021, 21, e72. [CrossRef]

11. Baratella, E.; Ruaro, B.; Giudici, F.; Wade, B.; Santagiuliana, M.; Salton, F.; Confalonieri, P.; Simbolo, M.; Scarpa, A.; Tollot, S.;
et al. Evaluation of Correlations between Genetic Variants and High-Resolution Computed Tomography Patterns in Idiopathic
Pulmonary Fibrosis. Diagnostics 2021, 11, 762. [CrossRef]

12. Ruaro, B.; Confalonieri, P.; Santagiuliana, M.; Wade, B.; Baratella, E.; Kodric, M.; Berria, M.; Jaber, M.; Torregiani, C.; Bruni, C.;
et al. Correlation between Potential Risk Factors and Pulmonary Embolism in Sarcoidosis Patients Timely Treated. J. Clin. Med.
2021, 10, 2462. [CrossRef]

13. Hansell, D.M.; Bankier, A.A.; MacMahon, H.; McLoud, T.C.; Müller, N.L.; Remy, J. Fleischner Society: Glossary of Terms for
Thoracic Imaging. Radiology 2008, 246, 697–722. [CrossRef]

14. Salton, F.; Confalonieri, P.; Meduri, G.U.; Santus, P.; Harari, S.; Scala, R.; Lanini, S.; Vertui, V.; Oggionni, T.; Caminati, A.; et al.
Prolonged Low-Dose Methylprednisolone in Patients With Severe COVID-19 Pneumonia. Open Forum Infect. Dis. 2020, 7.
[CrossRef]

15. Demoule, A.; Baron, A.V.; Darmon, M.; Beurton, A.; Géri, G.; Voiriot, G.; Dupont, T.; Zafrani, L.; Girodias, L.; Labbé, V.; et al.
High-Flow Nasal Cannula in Critically III Patients with Severe COVID-19. Am. J. Respir. Crit. Care Med. 2020, 202, 1039–1042.
[CrossRef] [PubMed]

16. Jacob, J.; Hansell, D.M. HRCT of fibrosing lung disease. Respirology 2015, 20, 859–872. [CrossRef] [PubMed]
17. Belfiore, M.P.; Urraro, F.; Grassi, R.; Giacobbe, G.; Patelli, G.; Cappabianca, S.; Reginelli, A. Artificial intelligence to codify lung CT

in Covid-19 patients. Radiol. Med. 2020, 125, 500–504. [CrossRef]
18. Masclans, J.R.; Roca, O.; Muñoz, X.; Pallisa, E.; Torres, F.; Rello, J.; Morell, F. Quality of Life, Pulmonary Function, and Tomographic

Scan Abnormalities after ARDS. Chest 2011, 139, 1340–1346. [CrossRef] [PubMed]
19. Das, K.M.; Lee, E.Y.; Singh, R.; Enani, M.A.; Al Dossari, K.; Van Gorkom, K.; Larsson, S.G.; Langer, R.D. Follow-up chest

radiographic findings in patients with MERS-CoV after recovery. Indian J. Radiol. Imaging 2017, 27, 342–349. [CrossRef] [PubMed]
20. Han, X.; Fan, Y.; Alwalid, O.; Li, N.; Jia, X.; Yuan, M.; Li, Y.; Cao, Y.; Gu, J.; Wu, H.; et al. Six-month Follow-up Chest CT Findings

after Severe COVID-19 Pneumonia. Radiology 2021, 299, E177–E186. [CrossRef]
21. Shah, A.S.; Wong, A.W.; Hague, C.J.; Murphy, D.T.; Johnston, J.C.; Ryerson, C.J.; Carlsten, C. A prospective study of 12-week

respiratory outcomes in COVID-19-related hospitalisations. Thorax 2021, 76, 402–404. [CrossRef] [PubMed]
22. Myall, K.J.; Mukherjee, B.; Castanheira, A.M.; Lam, J.L.; Benedetti, G.; Mak, S.M.; Preston, R.; Thillai, M.; Dewar, A.; Molyneaux,

P.L.; et al. Persistent Post–COVID-19 Interstitial Lung Disease. An Observational Study of Corticosteroid Treatment. Ann. Am.
Thorac. Soc. 2021, 18, 799–806. [CrossRef]

23. Cascella, M.; Rajnik, M.; Aleem, A.; Dulebohn, S.; Di Napoli, R. Features, Evaluation, and Treatment of Coronavirus; StatPearls
Publishing: Treasure Island, FL, USA, 2020.

24. Park, W.B.; Jun, K.I.; Kim, G.; Choi, J.-P.; Rhee, J.-Y.; Cheon, S.; Lee, C.H.; Park, J.-S.; Kim, Y.; Joh, J.-S.; et al. Correlation between
Pneumonia Severity and Pulmonary Complications in Middle East Respiratory Syndrome. J. Korean Med. Sci. 2018, 33, e169.
[CrossRef]

25. Barisione, G.; Brusasco, V. Lung diffusing capacity for nitric oxide and carbon monoxide following mild-to-severe COVID-19.
Physiol. Rep. 2021, 9, e14748. [CrossRef] [PubMed]

26. Bellan, M.; Soddu, D.; Balbo, P.E.; Baricich, A.; Zeppegno, P.; Avanzi, G.C.; Baldon, G.; Bartolomei, G.; Battaglia, M.; Battistini, S.;
et al. Respiratory and Psychophysical Sequelae Among Patients With COVID-19 Four Months After Hospital Discharge. JAMA
Netw. Open 2021, 4, e2036142. [CrossRef]

27. Zhao, Y.-M.; Shang, Y.-M.; Song, W.-B.; Li, Q.-Q.; Xie, H.; Xu, Q.-F.; Jia, J.-L.; Li, L.-M.; Mao, H.-L.; Zhou, X.-M.; et al. Follow-up
study of the pulmonary function and related physiological characteristics of COVID-19 survivors three months after recovery.
EClinicalMedicine 2020, 25, 100463. [CrossRef]

28. Orlandi, M.; Landini, N.; Sambataro, G.; Nardi, C.; Tofani, L.; Bruni, C.; Randone, S.B.-; Blagojevic, J.; Melchiorre, D.; Hughes, M.;
et al. The role of chest CT in deciphering interstitial lung involvement: Systemic sclerosis versus COVID-19. Rheumatology 2021.
[CrossRef]

29. Baratella, E.; Bussani, R.; Zanconati, F.; Marrocchio, C.; Fabiola, G.; Braga, L.; Maiocchi, S.; Berlot, G.; Volpe, M.C.; Moro, E.;
et al. Radiological–pathological signatures of patients with COVID-19-related pneumomediastinum: Is there a role for the Sonic
hedgehog and Wnt5a pathways? ERJ Open Res. 2021, 7. [CrossRef] [PubMed]

30. Zompatori, M.; Ciccarese, F.; Fasano, L. Overview of current lung imaging in acute respiratory distress syndrome. Eur. Respir.
Rev. 2014, 23, 519–530. [CrossRef] [PubMed]

http://doi.org/10.1177/2047487320932695
http://doi.org/10.1016/S1473-3099(20)30582-X
http://doi.org/10.3390/diagnostics11050762
http://doi.org/10.3390/jcm10112462
http://doi.org/10.1148/radiol.2462070712
http://doi.org/10.1093/ofid/ofaa421
http://doi.org/10.1164/rccm.202005-2007LE
http://www.ncbi.nlm.nih.gov/pubmed/32758000
http://doi.org/10.1111/resp.12531
http://www.ncbi.nlm.nih.gov/pubmed/25900734
http://doi.org/10.1007/s11547-020-01195-x
http://doi.org/10.1378/chest.10-2438
http://www.ncbi.nlm.nih.gov/pubmed/21330382
http://doi.org/10.4103/ijri.IJRI_469_16
http://www.ncbi.nlm.nih.gov/pubmed/29089687
http://doi.org/10.1148/radiol.2021203153
http://doi.org/10.1136/thoraxjnl-2020-216308
http://www.ncbi.nlm.nih.gov/pubmed/33273023
http://doi.org/10.1513/AnnalsATS.202008-1002OC
http://doi.org/10.3346/jkms.2018.33.e169
http://doi.org/10.14814/phy2.14748
http://www.ncbi.nlm.nih.gov/pubmed/33625799
http://doi.org/10.1001/jamanetworkopen.2020.36142
http://doi.org/10.1016/j.eclinm.2020.100463
http://doi.org/10.1093/rheumatology/keab615
http://doi.org/10.1183/23120541.00346-2021
http://www.ncbi.nlm.nih.gov/pubmed/34435038
http://doi.org/10.1183/09059180.00001314
http://www.ncbi.nlm.nih.gov/pubmed/25445951

	Introduction 
	Materials and Methods 
	Results 
	HRCT Imaging Findings 
	Ground Glass Opacities 
	Consolidations 
	Linear Bands 
	Reticulations 
	Bronchiectasis/Bronchiolectasis 
	Loss of Pulmonary Volume 
	Other Findings 

	Correlation with Respiratory Function Tests 

	Discussion 
	Conclusions 
	References

