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Pulmonary function, computerized tomography features and six-minute
walk test at three months in severe COVID-19 patients treated
with intravenous pulsed methylprednisolone: a preliminary report
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Abstract

COVID-19 acute respiratory distress syndrome (ARDS) has
a high mortality and few therapeutic options. We present a pre-
liminary report on our experience using high-dose pulsed
methylprednisolone in COVID-19 ARDS and three-month out-
comes. We performed a retrospective analysis of all patients
treated with high-dose methylprednisolone for COVID-19
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ARDS and three-month lung function, 6-minutes walking test
(6MWT), and computerized tomography (CT) findings. Fifteen
patients were treated of which 10 survived to discharge. Reduced
diffusion capacity for carbon monoxide (DLCO) was the com-
monest abnormality in lung function tests and had the lowest
mean value. Parenchymal bands were the commonest CT finding
and 50% of patients had fibrosis at three-months. Mean 6-min-
utes walk distance (6MWD) was 65.4% predicted and was
abnormal in 62.5% of patients. In this cohort of patients with
COVID-19 ARDS treated with high-dose methylprednisolone
pulses, CT, lung function, and 6MWT abnormalities were unsur-
prisingly common at three months, although all 10 patients treat-
ed early in their disease course survived, a possible therapeutic
effect. Further randomised controlled trials are needed to assess
the benefits of this treatment.

Introduction

Coronavirus disease-19 (COVID-19) is the disease caused by
infection with SARS-CoV-2 virus. It has had devastating social,
economic, and health impacts worldwide. The clinical syndrome of
COVID-19 ranges from no or minimal symptoms [1], to respiratory
failure and acute respiratory distress syndrome (ARDS) with a high
mortality rate [2] especially in those with certain co-morbidities and
advancing age [3]. The incidence of pulmonary vascular events is
far higher than that seen in other pulmonary infections with compa-
rable severity [4]. Pulmonary thromboses in situ as well as microan-
giopathy are felt to be occurring in these patients and contributing
to the high mortality [5,6]. The disease is characterised by an initial
viral phase followed by an inflammatory phase where in some
patients, severe respiratory failure may develop leading to ARDS
[7]. Two drugs have been approved for use in COVID-19 infection
in the UK, remdesivir, and corticosteroids, of which dexamethasone
is the most commonly used [8,9].

Long-term follow-up of patients with severe acute respiratory
syndrome (SARS) and Middle-East respiratory syndrome
(MERS) demonstrated that abnormal pulmonary function persists
after several years, along with lower 6-minute walk distance
(6MWD) and health status scores [10,11]. Several studies have
demonstrated an impact of COVID-19 pneumonia on lung func-
tion and health status. Abnormalities in lung function after
COVID-19 at the time of discharge have been demonstrated in a
cohort of 110 patients in China [12] with diffusion capacity for
carbon monoxide (DLCO) the commonest followed by total lung
capacity (TLC). At 30 days post-discharge Frija-Masson et al. [13]
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assessed lung function in a cohort of 56 patients with COVID-19
pneumonia disease severity ranging from mild to severe, although
they did not include patients with ARDS. Their severe disease
cohort had normal lung function in only 16%. The prevalence of
abnormalities in each parameter is not reported but DLCO was the
value demonstrating the lowest median value at 70% predicted.
Huang et al. also followed up patients at 30 days [14]. Of a cohort
of 57 patients, including severe and non-severe COVID pneumo-
nia, abnormal DLCO was the most frequent abnormality. In anoth-
er cohort, at three months DLCO remained the most common
abnormality, seen in 16.36% of patients [15].

Pulsed methylprednisolone was shown to reduce mortality
from SARS [16] and in a randomized trial in COVID-19 [17].
Other immune modulators are being studied in the hyperinflamma-
tory stage of COVID-19 with multiple agents in clinical trials [18].
During the first wave of the disease in the UK we observed that the
radiological pattern of acute lung injury (ALI) in COVID-19 was
similar to an organising pneumonia with non-specific interstitial
pneumonia overlap (OP/NSIP overlap), with traction bronchiecta-
sis, extensive ground glass change, and fibrotic change, similar to
that seen in connective tissue disease-related interstitial lung dis-
ease (CTD-ILD) in which high-dose methylprednisolone is used
widely. We hypothesised that this strategy would be of benefit for
critically ill patients with COVID-19 who presented with similar
radiological features.

Our aim was to assess the radiological, functional, and pul-
monary function test outcomes three months after discharge for
patients treated for severe COVID-19 ARDS with high-dose
methylprednisolone in our intensive care unit (ICU) and present
our preliminary findings.

Methods

We conducted a single centre, retrospective, observational
study to evaluate the outcomes at three months post-discharge of
all patients treated in our ICU with high-dose methylprednisolone
for severe COVID-19 and ARDS. Diagnosis of COVID-19 was
made on the basis of either a positive polymerase chain reaction
(PCR) test to the SARS-CoV-2 virus, or clinico-radiological fea-
tures in keeping with COVID-19. The decision on which patients
to treat was made by a specific ARDS Support Team put in place
during the first wave of COVID-19 infections, between April and
May 2020, led by a consultant cardiothoracic intensivist (Professor
BM) [19]. Treatment consisted of intravenous methylprednisolone
1 g once daily for three days (500 mg for those under 50 kg in
weight) followed by oral prednisolone 40 mg once daily, reducing
by 5 mg every three days until a dose of 10 mg once daily. This
dose was selected due to the experience in transplant care [20] and
in rheumatological conditions [21]. Treatment was considered for
patients believed to have an immunologically driven pneumonitis
and evolving fibrosis (computed tomography evidence of ground
glass shadowing, traction bronchiectasis, fibrotic change) similar
to a CTD-ILD, and no evidence for concomitant infection other
than COVID-19.

Full lung function tests, unencouraged 6-minute walk test
(6MWT), and computed tomography (CT) pulmonary angiogra-
phy with high-resolution cuts were performed three months after
discharge from hospital. Predicted 6MWD was calculated using
the Enright equation. CTs done during the inpatient stay were
reviewed by a specialist thoracic radiologist to identify classical
pulmonary emboli as well as pulmonary thrombosis in situ.
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Follow-up CTs were also reviewed by a specialist thoracic radiol-
ogist as part of our hospital’s COVID follow-up clinic protocol.
Lung function testing included spirometry and gas transfer using
single breath technique. Ethical approval was not required as there
was widespread employment of steroid therapy in patients with
severe COVID-19 worldwide who were at a presumed immuno-
logically driven phase. Each patient’s treatment was discussed at
the time with their next of kin, and subsequently at clinic follow-
up, and was never contested.

Demographic, laboratorial, clinical, and outcome data were
retrospectively collected from an electronic patient record. Patients
without PCR positivity were deemed to have as a primary diagno-
sis COVID-19 infection based on the CT changes assessed by the
reporting radiologist and the clinical picture assessed by the treat-
ing ICU and ARDS Support teams.

Results

Between the 25% of March and the 26" of June 2020, 15
patients were treated with high-dose methylprednisolone for
severe COVID-19 infection in our ICU. Twelve patients had a pos-
itive PCR test, whilst three patients never tested positive. Of these,
all were diagnosed on the basis of clinico-radiological features,
with one patient having positive COVID antibodies at follow-up.
According to the severity scale from the National Institutes of
Health [22] and World Health Organization [23], 14 patients had
critical illness/ARDS and one patient had moderate illness/pneu-
monia without need for supplemental oxygen, as well as myocardi-
tis in the context of paediatric multisystem inflammatory syn-
drome (PIMS). Seven patients were transferred from other acute
hospitals for extra supportive care. Five patients died in ICU, four
from multi-organ failure due to COVID-19 infection and one
patient from myocardial infarction. Ten survived to discharge and
are still alive. The five patients who died were the first treated in
the cohort and received the treatment as a last resort as they
showed irreversible deterioration. They were at a far more
advanced stage in their disease process than the 10 subsequent
patients. One patient required extracorporeal membrane oxygena-
tion (ECMO), for 22 days. Complications of treatment were not
common and did not impact on steroid use. One patient developed
a subdural haemorrhage two weeks after treatment started and
another patient developed an encephalitis seven days after treat-
ment. Steroids were continued in both and they recovered fully
without any specific intervention.

Baseline characteristics, co-morbidities, and inpatient outcome
data are in Table 1. Twenty percent of patients had no positive
COVID swab but had clinical and radiological features consistent
with COVID-19 infection. A detailed breakdown of individual
patient findings is in the appendix.

Baseline CT thorax on admission to ITU was available in 13
(86.7%) patients and all 10 patients who survived to discharge had
an admission CT and a follow-up CT (Table 2). Ninety percent of
follow-up CTs showed a significant improvement in appearances.
One patient had a normal follow-up CT, although the admission
CT had only mild ground glass and consolidation as they had
mainly presented with PIMS and myocarditis. Parenchymal bands
were not present in any admission CT but were the most frequent
finding in follow-up imaging. Of the patients diagnosed with a pul-
monary embolism (PE) during their inpatient episode, four patients
had no residual PE on follow-up imaging and one patient did not
survive to discharge.
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Lung function was available in six patients and 6MWT was
performed in eight patients on follow-up visits (Table 3). All
patients were male as the single surviving female had not complet-
ed these tests by the time of submission. One patient was unable to
perform either test and one patient moved from our catchment area
during the follow-up period and could not complete lung function,
however we contacted the patient, and he remains completely
asymptomatic, playing football for his higher education institution.
Patients with established fibrosis on their CT at three months
seemed to have lower lung function.

Table 1. Baseline patient characteristics.

Age, mean (SD) 51.1years (16.1)

Sex n (%)
Male 13 (86.7)
Female 2 (13.3)

Race/ethnicity n (%)
White 4(26.7)
Black 3 (20)
Asian 8 (53.3)
Mixed 0(0)

COVID swab result n (%)
Positive 12 (80)
Negative 3 (20)

Comorbidities* n (%)
None 6 (40)
COPD 1(6.7)
HTN 1(6.7)
Bronchiectasis 1(6.7)
Type 2 diabetes 1(6.7)
HIV 1(6.7)
Asthma 1(6.7)
Lymphoma 1(6.7)
Renal transplant 1(6.7)
Hepatitis B virus infection 1(6.7)
Epilepsy 1(6.7)
Atrial fibrillation 1(6.7)

Respiratory support n (%)
Low-flow nasal oxygen 1(6.7)
IMV 13 (86.7)
ECMO 1(6.7)

Complications* n (%)
Sepsis 9 (60)
Acute kidney injury 8 (53.3)
Cardiac arrest 1(6.7)
Subdural bleed 1(6.7)
Myocardial infarction 1(6.7)
Cardiac dysrhythmia 2 (13.3)
Encephalitis 1(6.7)
Acute liver failure 1(6.7)
Elevated liver enzymes 1(6.7)
Coagulopathy 2 (13.3)

Length of stay, mean, (days)®

Intensive Care Unit 293

Total LOS 46.5

*Percentages may add up to more than 100 as patients may have had more than 1 co-morbidity; other
than the complications mentioned in the text, all complications occurred during inpatient stay prior to
methylprednisolone treatment; °length of stay (LOS) includes inpatient stay before transfer to our
institution, and after stepdown to a general medical ward; COPD, chronic obstructive pulmonary dis-
ease; HTN, hypertension; HIV, human immunodeficiency virus; IMV, intermittent mandatory ventilation;
ECMO, extra-corporeal membrane oxygenation.
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Discussion

We present our cohort of 15 patients with severe COVID-19
infection treated with high-dose intravenous methylpred-
nisolone. Fourteen of the 15 patients required invasive mechan-
ical ventilation (IMV) due to type one respiratory failure, for a
mean of 16.4 days.

At three months post discharge 90% of patients in our cohort
had persistent CT changes. Similar to Liu ez al. [24], parenchy-
mal bands and ground glass opacity were the most frequent per-
sistent change although this study ended follow-up at four
weeks. One study looked at radiological abnormalities of 55
COVID-19 patients three months after discharge and reported
abnormalities in 70% of patients [16]. This is slightly lower than
the 90% in our cohort and might partly be explained by our high-
er proportion of critical disease: whereas in that study only four
out of 55 patients had severe disease, 14 out of 15 in our cohort
had. As was the case with other severe respiratory viral infec-
tions, such as avian influenza [25], radiological changes seem to
persist for several months after infection with SARS-CoV-2.

There was also a high incidence of abnormal lung function
tests in our cohort, higher than in most other published cohorts,
similarly likely due to disease severity. Of note, none of the
patients had known pre-existing lung disease. The most frequent
abnormality seen was a reduced DLCO, present in five out of six
(83%) patients, much higher than in other studies [15], with a
median value inferior to that seen in other studies [14]. This was
seen even in patients without established fibrosis radiologically,
suggesting either microscopic change in the lung parenchyma,
or microangiopathic disease observed in post-mortem studies
[26]. Most patients had normal gas transfer when corrected for
alveolar volume. This could be due to respiratory muscle weak-
ness developed as a consequence of prolonged ventilation or a
distinct clinical entity associated with COVID-19 which has
been demonstrated at 30 days post discharge [15] although we
did not formally test for respiratory muscle strength. As expect-
ed, patients with established fibrosis seemed to have worse gas
transfer and forced vital capacity (FVC) than those without
(Table 4). The patient that did not have lung function done main-
ly had PIMS with myocarditis and some lung involvement on
CT. Since being discharged, they have begun higher education
studies and are actively playing in the institution’s football team
without any limitations suggesting little to no impact on lung
function.

Most patients had a 6MWD lower than predicted,
and the mean for the whole cohort was lower than predicted,
with the lowest value at 31% in a patient who developed severe
critical illness neuromyopathy. A multitude of factors are likely
to be contributing to this, including reduced lung function,
deconditioning from prolonged intubation, critical illness
neuropathy and myopathy, and potentially undiagnosed long
COVID in our cohort. In fibrotic patients there was significant
desaturation at the end of the test despite the short distances
walked, reinforcing the notion that there are ongoing parenchy-
mal and microangiopathic changes causing significant lung
impairment.

Our study had several limitations. We report data from a sin-
gle centre however we received patients from several other hos-
pitals in London, as our institution has one of the biggest ICU
capacities in the region. There was no control group and it is ret-
rospective in nature although, at the outset of the pandemic, it
was felt to not be ethical to withhold a treatment with potential
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clinical benefits to these patients presenting with severe disease. small. Finally, two of the ten surviving patients never tested pos-
There were several missing data points mainly due to patients itive on a PCR for the SARS-CoV-2 virus, although one patient
not attending appointments, and the number of patients was subsequently tested positive for COVID-19 antibodies on fol-

Table 2. Computed tomography (CT) findings during inpatient stay and at three-month follow-up.

CT feature Inpatient CT Inpatient CT Follow-up CT
(all patients), (survived to discharge; n=10), (n=10),
n (%) n (%) n (%)
Normal 0(0) 0 1 (10)
Consolidation 12 (80) 8 (80) 2 (20)
Ground glass 13 (86.7) 9 (90) 6 (60)
Traction bronchiectasis 4 (26.7) 3 (30) 6 (60)
Pneumomediastinum 1(6.7) 1 (10) 0 (0)
Pulmonary embolism 5(33.3) 4 (40) 0 (0)
Fibrosis 1 (16.7) 1 (10) 5(50)
Pleural effusion 5(33.3) 2 (20) 0 (0)
Parenchymal bands 0 (0) 0 (0) 7(70)

Table 3. Pulmonary function test (PFT) and 6-minutes walk test (6GMWT) results at three months.

Pulmonary function tests* Whole cohort (n=6) Patients with established fibrosis (n=3)
FEV, (Litres) 3 (0.85) 2.56 (14)

FEV; (% predicted) 85.6 (17.6) 772 (42.6)

FVC (Litres) 3.59 (1.2) 3.01 (0.7

FVC (% predicted) 79.3 (18.1) 714 (19.5)

FEV/FVC 0.80 (0.04) 0.81 (0.02)

DLCO, mean % predicted 58 (15.4) 48 (11)

KCO, mean % predicted 91 (17.1) 86 (19.1)

TLC* (mean), % predicted 67 (17.9) 60 (12.6)

6-minute walk test® Whole cohort (n=8) Patients with established fibrosis (n=3)
Distance (metres) 405 (87.5) 350.6 (104.5)

Distance (% predicted) 65.4 (18.5) 482 (23.1)

Pre-test BORG score 1 (D 1.25 (1.2)

Post-test BORG score 2.5 (2) 3.5 (3.1

Pre-test O, saturation (%) 975 (1) 97.3 (1.3)

Post-test O, saturation (%) 94.25 (4.5) 91.8 (5.4)

*Values presented as mean (standard deviation); “calculated using the single-breath carbon monoxide dilution method; °values presented as mean (standard deviation); 6MWD, 6-minute walk distance; 6MWT, six-
minute walk test; DLCO, diffusion capacity for carbon monoxide; FEV), forced expiratory volume in 1 second; FVC, forced vital capacity; PFT, pulmonary function tests; KCO, carbon monoxide transfer coefficient;
TLC, total lung capacity.

Table 4. Frequency of lung function and 6-minutes walk distance (6MWD) abnormalities (n=6 patients who had lung function at three-
month follow up).

Lung function parameter n (% total)

FEV1 1(16.7)
FVC 3 (50)
FEV/FVC 0(0)

DLCO 5(83.3)
KCO 1(16.7)
TLC 5(83.3)
Normal lung function 1(16.7)
6MWD 5 (62.5)

6MWD, 6-minute walk distance; DLCO, diffusion capacity for carbon monoxide; FEV), forced expiratory volume in 1 second; FVC, forced vital capacity; KCO, carbon monoxide transfer coefficient; TLC, total lung capacity.
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low-up. This is partly explained by the uncertainty at the outset
of the pandemic as to the optimal site for sampling for the virus,
leading to many false negative swabs. However, they demon-
strated typical clinico-radiological features in keeping with
severe COVID-19 throughout their disease course.

Corticosteroids have been shown to improve outcomes in
patients with COVID-19 pneumonia, suggesting they modulate
the dysregulated immune process [27]. In the only published
randomized controlled trial of pulsed methylprednisolone thera-
py there was a survival benefit [18]. Other non-randomized ret-
rospective studies also suggest a survival benefit and reduction
in need for intubation, although patients had less severe disease
than in our cohort [28,29,30]. The 10 patients who survived all
had a radiological appearance similar to that seen in CTD-ILDs
and we felt that aggressive treatment could improve their out-
come, based on the experience of treatment of those CTD-ILDs
and in transplant patients. Our cohort consisted only of extreme-
ly unwell patients, in which 14 out of 15 were mechanically ven-
tilated when treated, and for a total mean of 16.4 days, with one
patient needing ECMO for 22 days. Methylprednisolone was
used in those for whom treatment options were extremely limit-
ed and prognosis was very poor and therefore, perhaps unsur-
prisingly, the frequency of physiological and radiological abnor-
malities at three months was very high. However, we feel that
were we not to have used this treatment some of these patients
would not have survived and, those who would have, potentially
would have had even more severe impairments than were
observed, although our study cannot establish causality between
the treatment and this observation. The five patients who died
were treated as a last-ditch attempt and the prognosis was
extremely poor by that stage whereas the following 10 were
treated earlier in their disease course.

Despite the limitations of our trial, we feel it raises the pos-
sibility that intervention with high-dose methylprednisolone in
patients with severe COVID-19, and ARDS, might improve out-
comes. This inflammatory process could be patho-physiologi-
cally and radiologically, similar to that seen in CTD-ILDs, and
the use of high dose methylprednisolone at the early stages of
the fibrotic process may aggressively intervene in the it, improv-
ing both pulmonary thrombosis in situ and interstitial fibrosis.
Criteria to identify the optimal timing for administration of this
treatment and identification of the clinico-radiological features
of patients most likely to benefit are necessary and will allow
more widespread adoption. Only further large good quality ran-
domised control trials could answer this question.

Conclusions

In our cohort of patients with severe COVID-19 and ARDS
treated with high-dose methylprednisolone at three months post-
discharge, lung function, CT, and 6MWT abnormalities were
expectedly common. When used in patients at early stages of their
disease process all of them survived, although mortality benefits
cannot be inferred from this study. However, it might have
improved the outcome in these severely unwell patients.
Randomized controlled trials to assess the acute and long-term
impact of this treatment would be beneficial.
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