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Corticosteroid treatment for persistent
pulmonary infiltrates following
COVID-19 infection: Clearing the fog?

Prince Ntiamoah, Michelle Biehl, Victoria Ruesch’, Atul C. Mehta, Samar Farha

Abstract:

BACKGROUND: Systemic corticosteroids have been shown to improve outcomes in severe
coronavirus disease 2019 (COVID-19) pneumonia; however, their role in post-COVID-19 persistent
lung abnormalities is not well defined. Here, we describe our experience with corticosteroids in
patients with persistent lung infiltrates following COVID-19 infection.

RESEARCH QUESTION: What is the efficacy of systemic corticosteroids in improving lung function
and radiological abnormalities in patients following COVID-19 pneumonia?

STUDY DESIGN AND METHODS: This is a single-center retrospective study evaluating patients
with persistent respiratory symptoms and abnormal chest computed tomography findings. Patients
were divided into two groups based on treatment with corticosteroids: “steroid group” and “nonsteroid
group.” Clinical data were collected from the electronic medical records.

RESULTS: Between March 2020 and December 2021, 227 patients were seen in the post-COVID-19
pulmonary clinic, of which 75 were included in this study. The mean age was 56 years, 63%
were female, and 75% were white. The main physiologic deficit was reduced Diffusing capacity
of the Lungs for Carbon Monoxide (DLCO) at 72% (+22). On chest imaging, the most common
findings were ground-glass opacities (91%) and consolidation (29%). Thirty patients received
corticosteroid (steroid group) and 45 did not (nonsteroid group). Patients treated with corticosteroids
had lower DLCO (DLCO [%]: steroid group 63 + 17, nonsteroid group 78 + 23; P = 0.005) and all
had ground-glass opacities on imaging compared to 84% in the nonsteroid group (P = 0.04). At
follow-up, patients in the steroid group (n = 16) had a significant improvement in spirometry and
DLCO. In addition, there was a significant improvement with resolution of ground-glass opacities in
both the groups (P < 0.05).

CONCLUSION: The use of systemic corticosteroids in patients with persistent respiratory symptoms
and radiological abnormalities post-COVID-19 was associated with significant improvement in
pulmonary function testing and imaging. Prospective studies are needed to confirm whether these
findings are the effect of corticosteroid therapy or disease evolution over time.
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In late 2019, a novel coronavirus, severe
acute respiratory syndrome coronavirus
2, emerged in Wuhan, China, and has
since spread globally, infecting more than
650 million people.l"? The clinical course of
infection appears to be extremely variable,
from asymptomatic to severe pneumonia with
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multi-organ failure requiring critical care. At
the time of writing, at least 6.7 million people
have died following infection, with data on
morbidity in survivors still emerging.*?!
Given the large number of affected patients,
understanding the longer-term implications
of lung injury, a predominant feature of
acute coronavirus disease 2019 (COVID-19)
infection, is critical.”!
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There is evidence that systemic symptoms of COVID-19
infection can persist or develop several months after
the infection, leading to the condition known as
“post-COVID-19 syndrome.”** The pathophysiology
is unknown, although there are different hypotheses,
including persistent live virus, autoimmune process,
inflammatory sequelae, or dysautonomia./'!!

The most common radiological pattern of acute
COVID-19 infection is bilateral ground-glass opacification
with or without consolidation in a subpleural
distribution.l*?l Radiological findings vary as disease
progresses, but persistent computed tomography (CT)
imaging abnormalities have been reported up to 180 days
postacute COVID-19 infection.!*'3'*) A meta-analysis of
over 100 studies found that 55.7% of patients exhibit
persistent CT abnormalities 90 days after symptom
onset or hospital discharge, with the most common
abnormalities being ground-glass opacities or fibrous
strip.””! Radiologically, the pattern is most consistent
with organizing pneumonia.’ Pulmonary function
testing (PFT) also shows persistent abnormalities in
long COVID patients, with about one-third to one-half
of patients having low lung diffusion capacity (DLCO)
3 months after the acute infection.">'”! Lung pathology
in autopsy specimens shows diffuse alveolar damage,
and percutaneous lung biopsy in one case report
showed type II alveolar epithelial hyperplasia, alveolar
septa destruction, extensive lung tissue necrosis, and
infiltration of mononuclear cells and lymphocytes.['

Systemic corticosteroids have been shown to improve
clinical outcomes and reduce mortality in hospitalized
patients who require supplemental oxygen.?0-22
Although the guidelines do not currently support the
use of corticosteroids in acute mild-moderate COVID-19
infection, increasing numbers of nonhospitalized
patients with COVID-19 have been prescribed systemic
corticosteroids.””! Given the number of infected patients,
therapies that could potentially prevent permanent
fibrosis and functional impairment are critical. We
have established a “post-COVID-19 pulmonary
clinic” to care for patients with persistent pulmonary
symptoms following COVID-19 infection, providing
a comprehensive assessment of symptoms, physical
examination, and a panel of respiratory testing including
chest imaging and PFT. In this study, we assessed the
effect of corticosteroids on chest CT and PFT in patients
with persistent respiratory symptoms and chest imaging
abnormalities following COVID-19 infection.

Methods

Participants and study design
This is a single-center retrospective study. Patients were
recruited from the post-COVID-19 pulmonary clinic
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of a quaternary center where they were evaluated for
persistent respiratory complaints following COVID-19
infection. Patients were included in the study if
they had persistent radiographic abnormalities on
chest CT as reported by a thoracic radiologist and
confirmatory COVID-19 testing. Prior chest imaging
when available was reviewed to determine the chronicity
of lung infiltrates. The Institutional Review Board (IRB)
approved the study (IRB #21-652), and patient consent
was waived as data were collected through chart review.

Data collection

Clinical data on demographics, comorbidities, chest CT,
PFT, COVID-19-specific therapies (including dose of
steroids), hospitalization, and outcomes were extracted
from the electronic medical record. Comorbidities
included in the search were obesity (body massindex =30),
chronic obstructive pulmonary disease (COPD), asthma,
interstitial lung disease (idiopathic pulmonary fibrosis,
hypersensitivity pneumonitis, nonspecific interstitial
pneumonias, connective tissue-related interstitial lung
disease, and other idiopathic interstitial pneumonias),
history of any transplantation, pulmonary hypertension,
systolic and diastolic heart failure, coronary artery
disease (CAD), history of pulmonary embolism,
rheumatologic disease, or malignancy. To maintain
data consistency and integrity, binary radiological data
were collected indicating the presence or absence of
parenchymal abnormalities.

Statistical analysis

All analyses were performed using JMP 16.2.0 (SAS
Institute, Cary, NC, USA). Qualitative variables were
described using frequencies and percentages, and
quantitative variables by means and standard deviation.
Normality for continuous variables was checked using
the Shapiro-Wilk test. A mean comparison was carried
out using the Student’s ¢-test in the presence of normality,
and if otherwise, using the Wilcoxon test. For qualitative
variables, a comparison of percentages between the
groups was carried out using Fisher’s exact test for
dichotomous variables or Chi-square test for contingency
tables with more than two categories. For quantitative
measures, changes from baseline between the groups
were compared using matched pairs ¢-tests. Significance
was accepted at a level of P < 0.05.

Results

Patient characteristics

Between March 2020 and December 2021, 227 patients with
COVID-19 infection were referred to the post-COVID-19
pulmonary clinic. One hundred and fifty-two patients did
not have an abnormal chest CT scan and were excluded
from the study. The final sample size for the study was
75 patients [Figure 1]. The mean age of participants was
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227 patients identified
at the COVID-19 clinic

A

97 patients excluded: no chest CT

\ 4

55 patients excluded: normal chest CT

v
75 patients enrolled

Figure 1: Patient inclusion and exclusion criteria. CT = Computed tomography,
COVID-19 = Coronavirus disease 2019

56 (+12) years, with 63% of women and 75% of white.
Asthma was the most common comorbidity (21%), with
other comorbidities including COPD, CAD, interstitial
lung disease, heart failure, pulmonary hypertension,
history of malignancy, solid organ transplantation,
pulmonary embolism, and rheumatologic diseases.
Thirty-eight percent of participants were ex-smokers and
one was still actively smoking. Seventy-three percent
were hospitalized with only one patient admitted to
the intensive care unit. Dexamethasone, remdesivir,
and tocilizumab were the three medications approved
for the treatment of COVID-19 infections during the
study timeline. Forty-nine patients (65%) received
dexamethasone, 40 patients (53%) received remdesivir,
and 7 patients (9%) received tocilizumab. Patients
were seen in the clinic an average of 121 days after
their acute infection. After their initial assessment in
the outpatient clinic, 40% of patients were placed on
systemic corticosteroid treatment, with prednisone
being the most commonly used oral corticosteroid at a
starting dose ranging from 20 to 80 mg/day followed by
a taper over on average 57 days. To evaluate the effects
of corticosteroid therapy, patients were divided into
two groups: “steroid group” (n = 30) and “nonsteroid
group” (n = 45). Baseline characteristics were similar
between the two groups, and there were no significant
differences in hospital COVID-19-specific therapies
between the two groups [Table 1].

Pulmonary function tests at baseline and follow-up
Of the 75 patients, 69 had spirometry at the initial visit
and 22 had follow-up spirometry. The time between
the two tests ranged from 2 to 10 months. At initial
visit, mean forced expiratory volume in 1 s (FEV1) (%)
and forced vital capacity (FVC) (%) as well as FEV1/
FVC ratio were above 80; however, DLCO was slightly
reduced at72% (+22). Only 51 patients had lung volumes
measured at the initial visit. Of those, the mean total

lung capacity (TLC) was slightly low (79% predicted).
For the 22 patients with baseline and follow-up PFT,
there was a significant improvement in FEV1 and FVC
on follow-up (FEV1 [L]: baseline 2.51 + 0.69, follow-up
2.67 + 0.84; P = 0.004 and FVC (L): baseline 3.16 + 0.89,
follow-up 3.32 = 1.09; P = 0.004). Similarly, in the
subgroup with follow-up lung volumes and DLCO,
both TLC and DLCO improved significantly (TLC [L]:
baseline 3.78 + 0.91, follow-up 4.12 + 1.02; P = 0.04
and DLCO [mL/min/mmHg]: baseline 14.74 + 4.91,
follow-up 18.21 +7.05; P = 0.01).

Changes in pulmonary function tests in the steroid
and nonsteroid groups

Baseline characteristics were similar between the
steroid and nonsteroid groups. FEV1 and FVC were
marginally lower in the steroid group compared to the
nonsteroid group (FEV1 [L]: steroid group 2.33 + 0.67,
nonsteroid group 2.64 + 0.70; P = 0.07 and FVC [L]:
steroid group 2.93 + 0.82, nonsteroid group 3.33 + 0.91;
P =0.07) [Table 2]. In addition, there was a significant
difference in DLCO (DLCO [mL/min/mmHg]: steroid
group 15.04 + 4.35, nonsteroid group 19.63 + 6.85;
P =0.002 and DLCO [%]: steroid group 63 + 17, nonsteroid
group 78 +23; P =0.005). Lung volumes were not different
between the two groups. On follow-up visit, there were
no differences in PFT between the two groups (n = 16
in the steroid group and n = 6 in the nonsteroid
group] [Table 2]. For the patients who had follow-up
spirometry, there was a significant improvement in the
steroid group(FEV1 (L): baseline 2.33 + 0.67, follow-up
2.66 + 0.90; P = 0.008, FVC [L]: baseline 2.93 + 0.82,
follow-up 3.28 £1.11; P = 0.007, FVC [%]: baseline 82 + 22,
follow-up 85 + 23; P = 0.0008. In a small subset of patients
who had follow-up DLCO (1 = 12), there was a significant
improvement in DLCO (DLCO [mL/min/mmHg]:
baseline 14.63 + 5.50, follow-up 18.09 +7.31; P = 0.07 and
DLCO [%]: baseline 56 + 17, follow-up 64 + 18; P = 0.04).
In the nonsteroid group, only six patients had follow-up
PFT and the changes compared to baseline were not
statistically significant.

Chest computed tomography findings at baseline
and on follow-up

Of the 75 participants, 45 (60%) had follow-up chest
CT. Scans were reviewed by a thoracic radiologist
and an attending pulmonologist. Initial chest scans
were obtained ~2 months from the time of acute
illness (positive COVID-19 test). The most frequent
findings on chest CT were ground-glass opacities (91%),
consolidations (29%), and reticulations (23%) [Table 1].
All patients treated with corticosteroids had ground-glass
opacities on chest imaging compared to 84% of patients
in the nonsteroid group (Fisher’s exact test = 0.04). There
were no other differences in chest CT findings between
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Table 1: Baseline characteristics of all participants by treatment group*

Characteristics Overall (n=75), n (%)

Steroid group (n=30), n (%)

Nonsteroid group (n=45), n (%) P

Age 56+12
Sex (male/female) 28/47
Race (white/black/Asian)’ 56/18/1
Smoking history (yes/no) 28/46
Current smoker (yes/no) 1/74
Comorbidities
COPD 5(7)
Asthma 16 (21)
Interstitial lung disease 2(3)
Pulmonary hypertension 1(1)
Heart failure 2 (3)
CADs 5(7)
History of pulmonary embolism 9(12)
Rheumatologic disease 9(12)
History of any malignancy 6 (8)
History of any transplantation 3(4)
Medications used for acute COVID-19
Dexamethasone 49 (65)
Remdesivir 40 (53)
Tocilizumab 7(9)
CT findings
Ground-glass opacities 67 (91)
Consolidations 22 (29)
Reticulations 17 (23)
Fibrosis 4 (5)

56+12 57+13 0.2
10/20 18/27 0.6
21/8/1 34/10/0 0.5
9/20 19/26 0.5
0/30 1/44 1.0
1(3) 4 (9) 0.6
8 (27) 8 (18) 0.4
1(3) 1(2) 1.0

0 1(2) 1.0
0 2 (4) 0.5
0 5(11) 0.08
2(7) 6 (13) 0.5
6 (17) 6 (13) 0.7
5(17) 1(2) 0.03
2(7) 1(2) 0.6

18 (60) 31 (69) 0.5
16 (53) 24 (53) 1.0
1(3) 6 (13) 0.2

30 (100) 37 (84) 0.04
10 (35) 12 (40) 0.1
8 (27) 9 (20) 0.6
1(3) 3(7) 0.6

*Plus-minus values are means+SD, *Race or ethnic group was recorded in the patient’s electric health record. SD=Standard deviation, CT=Computed tomography,
COVID-19=Coronavirus disease 2019, COPD=Chronic obstructive pulmonary disease, CADs=Coronary artery diseases

Table 2: Comparison of baseline and follow-up spirometry in the steroid and nonsteroid groups

PFT Steroid Nonsteroid

Baseline (n=69) Follow-up (n=16) Matched t-test (P) Baseline (n=40) Follow-up (n=6) Matched t-test (P)
FEV, (L) 2.33+0.67 2.66+0.90 0.008 2.64+0.70 2.72+0.73 0.3
FEV,% 86+30 86+20 0.7 90+16 90+9 0.2
FVC (L) 2.93+0.82 3.28+1.11 0.007 3.33+0.91 3.45+1.11 0.3
FVC % 82+22 85+23 0.0008 90+18 89+13 0.2
FEV./FVC 80+5 82+8 0.6 80+6 80+6 0.5

Data are shown as mean+SD. FEV =Forced expiratory volume in 1 s, FVC=Forced vital capacity, FEV,/FVC=Ratio of FEV1 and FVC, SD=Standard deviation,

PFT=Pulmonary function testing

the two groups at the time of initial evaluation (all P > 0.1).
The time interval for follow-up chest CT scans was an
average 6 months from the time of COVID-19 infection.
On follow-up imaging, 62% of patients had persistent
ground-glass opacities, 11% had consolidations, and 29%
had reticular changes. Seventy-nine percent of patients in
the steroid group had ground-glass opacities on follow-up
scans compared to 43% in the nonsteroid group (Fisher’s
exact test = 0.02). When compared to baseline imaging,
there was a significant improvement in ground-glass
opacities on follow-up in both the steroid and nonsteroid
groups (Fisher’s exact test < 0.05 for both the groups).

Discussion

The aim of this study was to describe the physiological
and radiological abnormalities in patients with persistent
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respiratory symptoms and abnormal chest CT following
COVID-19 infection, and investigate the role of systemic
corticosteroids in the treatment of this patient population.
The most frequent radiological abnormality observed on
chest imaging in our cohort was ground-glass opacities,
while the primary physiological abnormality was a
decreased DLCO. After the initial clinic evaluation,
40% of patients were treated with corticosteroid which
resulted in improved PFT and imaging on follow-up. In
addition to imaging abnormalities, patients who received
corticosteroids had lower DLCO values at baseline
compared to those who did not receive corticosteroids
highlighting that corticosteroid treatment was based on
physiological deficits rather than imaging abnormalities
and symptomatology alone.

Studies evaluating PFT in post-COVID-19 patients have
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shown inconsistent results, in part due to differences
in timing and severity of the disease. Fumagalli et al.
evaluated the respiratory function of survivors of
COVID-19 pneumonia both at the time of clinical recovery
and 6 weeks postdischarge.? FEV1 and FVC were
reduced at the time of initial assessment and improved on
follow-up, although FVC remained reduced, suggesting
persistent restrictive disease at 6 weeks postdischarge.*!
Another study followed patients who were hospitalized
for COVID-19 pneumonia and measured PFT serially
starting before hospital discharge, then at 6 weeks,
6 months, and 12 months after discharge.” Baseline
PFT showed reduced FVC and FEV1 which improved
over time, particularly at 6- and 12-month follow-up.®!
Notably, DLCO was not measured in either of these
studies. On the other hand, Huang et al. assessed DLCO
in early convalescence phase (30 days postdischarge)
and found a reduced DLCO in more than half of the
COVID-19 patients.?! Patients with severe illness had
a higher incidence of DLCO impairment compared
to mild and moderate cases.? Similarly, Zhang
et al. showed reduced DLCO in 48% of patients with
severe COVID-19 up to 8 months after discharge.””? A
prospective observational Swiss COVID-19 study found
that DLCO measured at 4 months is the most important
physiologic deficit in patients who had severe/critical
respiratory COVID-19.%! In our cohort of patients
who had mild-to-moderate COVID-19 pneumonia, we
observed a reduced DLCO in 53% of patients at their
initial clinic visit.

In addition to persistent physiologic abnormalities,
some patients following COVID-19 infection have
persistent chest imaging abnormalities.*”! The
radiological findings of acute COVID-19 pneumonia
are characteristic and distinct from other viral infections,
presenting with progressive ground-glass opacities
and alveolar consolidations with subpleural and
basilar location, rounded lesions, crazy-paving pattern,
linear densities, parenchymal bands, and architectural
distortions.[®2%3% While the trajectory of radiological
patternsis heterogeneous, most cases show improvement,
while others may exhibit signs of pulmonary fibrosis
even before hospital discharge.”*! The most common
radiologic finding in our cohort was ground-glass
opacities in 91% of patients. The similarity between
post-COVID-19 organizing pneumonia-like presentation
and postinfection organizing pneumonia is the basis
for the use of oral corticosteroids in the treatment of
post-COVID-19 organizing pneumonia.’*%®! Several
case reports have described improvement in chest
imaging and PFT, as well as the relief of concomitant
symptoms in patients following COVID-19 with systemic
corticosteroid treatment.®**!l In our cohort, patients
treated with corticosteroids had marked improvement in
PFT, while the group that did not receive corticosteroids

did not show significant changes in PFT. However, the
lack of statistical significance in the latter group can be
explained by the smaller number of patients who had
follow-up PFT. Persistent functional deficits, even in a
relatively small proportion of infected patients, may
represent a significant disease burden, and prompt
therapy may avoid potentially permanent fibrosis and
functional impairment. Nonetheless, guidelines on the
use of corticosteroids in post-COVID-19 patients are not
available and physicians have not been provided a clear
roadmap for the pharmacological management in these
population.®?! In a prospective cohort study, Myall
et al. followed patients with COVID-19 infection using a
structured protocol to screen for sequelae of COVID-19
pneumonia. Patients were assessed by telephone 4 weeks
after discharge and patients with persistent symptoms
were scheduled for an outpatient assessment at 6 weeks.
After the initial visit, patients with persistent radiological
interstitial lung changes were reviewed in the interstitial
lung disease meeting and offered treatment with
corticosteroids. The authors showed that early treatment
with corticosteroids was well tolerated and associated
with rapid and significant improvement in symptoms,
PFT, and imaging.!*

There are several limitations to our study. First,
retrospective analyses come with inherent limitations,
including the potential for misclassification bias,
unaccounted-for confounding factors, and constraints
related to the planned approach and patient follow-up.
The sample size of the study was relatively small, which
may limit the generalizability of the findings. Only a
small number of patients in the nonsteroid group had
follow-up spirometry limiting the ability to draw definite
conclusions on the effects of corticosteroids and the natural
improvement in PFT without treatment. Furthermore,
radiological data collection was binary, specifying the
presence or absence of parenchymal abnormalities and
infiltrates, with no information regarding the severity
of the findings. This limitation restricted our ability to
quantify the degree of improvement without complete
resolution.

The use of corticosteroids in patients with persistent
respiratory symptoms and chest CT abnormalities
following COVID-19 infection was associated with
significant improvement in PFT and imaging.
Randomized placebo-controlled studies are needed
to confidently conclude whether the radiological or
physiological abnormalities would have normalized
spontaneously over a longer period of time and whether
treatment with corticosteroids prevents progression to
fibrotic lung disease. The findings should help inform
future studies on the use of corticosteroids in this patient
population.
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