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Background: The efficacy of steroid treatment for coronavirus disease (COVID-19) is unknown.

Case presentation: A 67-year-old man was transported to our hospital due to impaired consciousness and respiratory failure.
After admission, tracheal aspirate of the patient was harvested, and it tested positive for severe acute respiratory syndrome coron-
avirus 2 nucleic acid. He required veno-venous extracorporeal membrane oxygenation to sustain his oxygenation. However, his respi-
ratory failure did not improve for 20 days. On day 20 of admission, we started to use i.v. steroid therapy. On day 23, lung opacity on
the chest X-ray cleared and the patient’s oxygen saturation improved significantly. We successfully removed extracorporeal mem-
brane oxygenation on day 27.

Conclusion: Our case report encourages more future trials to evaluate the therapeutic use of i.v. steroid in severe COVID-19-in-
duced acute respiratory distress syndrome.
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INTRODUCTION

CORONAVIRUS DISEASE (COVID -19) is caused by
a novel coronavirus called severe acute respiratory syn-

drome coronavirus 2 (SARS-CoV-2) and was first reported
in Wuhan, China, in December 2019. As of 20 April, 2020,
a total of 2,319,066 infected cases and 157,970 fatalities
were confirmed worldwide (https://www.who.int/emergenc
ies/diseases/novel-coronavirus-2019). Considering the cur-
rent situation, identifying an effective treatment is urgent
and indispensable. Corticosteroid use was not routinely rec-
ommended during previous pandemics such as SARS and
Middle East respiratory syndrome (MERS).1 However,
Mehta et al. reported that hyperinflammation including

elevated interleukin (IL)-6 could be a driver of severity in
COVID-19.2 Based on this hypothesis, immunosuppressive
therapy involving corticosteroids could be beneficial. We
report here a case of severe acute respiratory distress syn-
drome (ARDS) caused by COVID-19, successfully treated
with late corticosteroids use.

CASE REPORT

A 67 -year-old man complained of fatigue and loss of
appetite. His symptoms gradually worsened for 6 days

until he was brought to our emergency room for impaired
consciousness. He had a history of smoking, hypertension,
and diabetes. Upon arrival at the hospital, his Glasgow
Coma Scale score was 11 (E3V3M5) and he was hemody-
namically unstable (heart rate, 130 b.p.m.; blood pressure,
80/52 mmHg). The stabilization of hemodynamics was
achieved with bolus fluid resuscitation and norepinephrine.
He also had respiratory failure with a respiratory rate of
35 breaths/min and oxygen saturation (SpO2) of 87% under
reservoir oxygen mask at 10 L/min; hence, he was immedi-
ately intubated and mechanically ventilated. Arterial blood
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gas analysis showed severe metabolic acidosis with pH 6.90
and base excess �22.5, and severe respiratory failure, with
partial pressure of arterial oxygen (PaO2) of 85 mmHg and
partial pressure of arterial carbon dioxide (PaCO2) of
52 mmHg under fraction of inspired oxygen (FiO2) of 1.0.
Chest X-ray and computed tomography showed extensive
consolidation and ground-glass opacities in the lung fields
bilaterally. Laboratory tests indicated acute systemic inflam-
mation and hepatic/renal injury, characterized by elevated
white blood cell count, and levels of C-reaction protein, liver
enzymes, lactate dehydrogenase, and creatine.

The patient’s clinical course during hospitalization is
shown in Figure 1. After admission, tracheal aspirate of the
patient was harvested, and it tested positive for SARS-CoV-
2 nucleic acid by the fluorescence quantitative reverse tran-
scription–polymerase chain reaction method. He was treated
with meropenem (2 g/day), levofloxacin (0.5 g/day), and
nafamostat (300 mg/day). Nafamostat was used as a poten-
tial inhibitor of SARS-CoV-2 infection.3 Nevertheless, the

patient’s respiratory failure continued to be severe, with a
PaO2 of 60 mmHg under ventilator setting of FiO2 1.0 and
positive end-expiratory pressure of 15 cmH2O. We initiated
veno-venous extracorporeal membrane oxygenation (VV-
ECMO) on day 2. The procedure was safely carried out with
no complications. The devices used for our VV-ECMO sys-
tem were CAPIOX Oxygenators (Terumo Instrument,
Tokyo, Japan) and HLS Cannulae (draining cannula, 25 Fr
38 cm; reinfusion cannula, 17 Fr 15 cm) (Getinge, Gothen-
burg, Sweden). The draining cannula was placed in the right
internal jugular vein and the reinfusion cannula was placed
in the right femoral vein. Initial blood flow was 4.5 L/min
with 2000 pump rotations. Continuous renal replacement
therapy (blood flow, 100 mL/min; polyethylenimine-coated
polyacrylonitrile (AN69ST) membrane hemofilter) was also
initiated on the same day. During ECMO support, we
reduced both the tidal volume and the plateau pressure of
the ventilator following the lung rest strategy. The patient
received deep sedation and occasionally neuromuscular

Fig. 1. Clinical course of a 67-year-old man during hospitalization for severe COVID-19-induced acute respiratory distress syndrome.

After initiation of corticosteroid treatment on day 20 of hospitalization, partial pressure of arterial oxygen (PaO2) gradually improved

and inflammatory marker C-reaction protein (CRP) decreased. Fraction of inspired oxygen (FiO2) of the ventilator was set at 1.0 before

extracorporeal membrane oxygenation (ECMO) deployment. During and after ECMO support, FiO2 was set at 0.4. CEZ, cefazolin; CRP,

C-reaction protein; CRRT, continuous renal replacement therapy; FER, ferritin; IL-6, interleukin-6; LVFX, levofloxacin; LZD, linezolid;

MEPM, meropenem; m-PSL, methylprednisolone; PIPC, piperacillin; PSL, prednisolone; TAZ, tazobactam; VV-ECMO, veno-venous

ECMO.
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blockade to reduce patient–ventilator desynchrony. We con-
tinued ECMO support for 2 weeks; however, his respiratory
failure did not improve. From day 16, we initiated prone-po-
sitioning care for 20 h per day, three times a week. The
combination of VV-ECMO and prone positioning is known
to improve oxygenation and respiratory compliance without
absence of serious adverse events.4 At least five medical
staff members, including physicians and mechanical engi-
neers, were required for the procedure. A physician was in
charge for the safety of the location of the tracheal tube and
others managed the catheter of the ECMO or the position-
ing. We followed the suggested protocol for prone position-
ing under VV-ECMO.4 Despite this intensive treatment,
oxygen saturation and consolidation on chest X-ray showed
no improvement. On day 20, we decided to use adjunctive
steroid therapy to suppress the hyperinflammation of the
lung injury; 500 mg methylprednisolone was given for

3 days, followed by 80 mg prednisolone. On day 23, lung
opacity on chest X-ray and oxygen saturation improved sig-
nificantly (Fig. 2). We could successfully remove ECMO on
day 27. We are successfully tapering steroids without seri-
ous adverse events, including recurrent respiratory failure,
nosocomial infection, or gastrointestinal bleeding. Mild con-
trollable hyperglycemia was observed during the clinical
course. The patient was removed from the ventilator on day
51. At the time of publication, he was able to stand up unas-
sisted without any difficulty and continues rehabilitation to
discharge to his home.

DISCUSSION

THE E fficacy of corticosteroids in the treatment of
COVID-19-induced ARDS is unclear. Some reports

discourage corticosteroid treatment in COVID-19

(A)

(D)

(B)

(E)

(C)

(F)

Fig. 2. Chest computed tomography (CT) and chest X-ray images in time series of a 67-year-old man during hospitalization for severe

COVID-19-induced acute respiratory distress syndrome. A, Chest CT on day 1 shows bilateral basal consolidation with peripheral

ground-glass opacity. B, Chest X-ray on day 1 shows bilateral pulmonary infiltrate mainly in hilar region. C, Chest X-ray on day 20

shows bilateral diffuse pulmonary infiltrates with air bronchogram. D, Chest X-ray on day 23 shows improved bilateral lung opacity

(mainly in the right lobe of lungs). E, Chest X-ray on day 31 (extracorporeal membrane oxygenation removed). F, Chest X-ray on day

52 (ventilator removed).
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pneumonia because no clinical benefit was seen in respira-
tory viral infections including respiratory syncytial virus,
influenza, SARS-CoV, or MERS-CoV.1,5-7 The available
observational data also show the harmful effect of steroids
in respiratory viral infections resulting in increased mortal-
ity, impaired viral clearance, and secondary infections.6,8

However, corticosteroid treatment might improve the out-
come of ARDS.9 Acute respiratory distress syndrome is
partly caused by the host immune response-induced hyperin-
flammation, which persists after clearance of the patho-
gens.10 In confirmed severe cases of COVID-19 in the
intensive care unit, plasma concentrations of inflammatory
cytokines such as IL-2, IL-7, IL-10, and tumor necrosis fac-
tor-a are higher than in non-intensive care unit patients.11

Moreover, elevated ferritin and IL-6 levels were detected in
non-survivors than in survivors among 150 confirmed
COVID-19 cases in Wuhan, China.12 This evidence supports
the assumption that the cytokine storm syndrome resembling
hemophagocytic lymphohistiocytosis might be one of the fac-
tors leading to poor patient outcomes of COVID-19.2 Theo-
retically, immunosuppressive therapy such as corticosteroids
could be beneficial in severe ARDS induced by COVID-19
with hyperinflammation, although COVID-19 might not lead
to typical ARDS.13 It should be noted that a very recent ran-
domized controlled trial showed the beneficial effect of dex-
amethasone treatment on survival outcome in patients with
COVID-19 who were receiving either invasive mechanical
ventilation or oxygen alone.14 However, the proper timing of
corticosteroid therapy is still unclear.

We did not decide to use steroids in the earlier phase due
to the lack of evidence for the use of steroids in specific
COVID-19-induced ARDS at that time, even though some
guidelines suggested the use of corticosteroids in moderate
to severe ARDS patients within 14 days of onset.15 How-
ever, the lung-rest strategy with ECMO and prone position-
ing for a certain period did not improve the oxygen
saturation of the patient. Although systemic inflammatory
markers such as IL-6 decreased over the time course, chest
X-rays for the patient still showed an exudative appearance.
Without clinical signs and laboratory evidence of bacterial
infection, we assumed that sustained exudative appearance
on chest X-rays might reflect persisting local lung tissue
inflammation. In addition, semiquantitative polymerase
chain reaction of tracheal aspirates revealed decreased levels
of SARS-CoV-2 gene expression over time. Therefore, we
hypothesized that adjunctive steroids as potent anti-inflam-
matory, antifibrotic, and immunomodulator drugs to sup-
press the hyperinflammation of lung injury would be
beneficial when used during minimized viral load, although
this decision is against the evidence reported by Steinberg
et al., which showed that corticosteroid use at least 14 days

after the onset of ARDS was associated with significantly
increased 60- and 180-day mortality rates.16 The dose of
methylprednisolone was determined after discussion among
clinicians. Referring to published guidelines by the Society
of Critical Care Medicine and European Society of Intensive
Care Medicine that suggested the use of methylprednisolone
in late ARDS at a higher dose than in early ARDS,15 we
decided to use initial 500 mg methylprednisolone therapy
with consideration of the severity of the patients. Although
we cannot exclude the possibility that the recovery was due
to the natural course of the disease, lung opacity on chest X-
ray and oxygen saturation significantly improved immedi-
ately after adjunctive steroid therapy.

In conclusion, this was a case of severe COVID-19-in-
duced ARDS that was successfully treated by late adminis-
tration of i.v. steroids. The current case report boosts more
future trials to evaluate the best timing or dose of corticos-
teroids, as well as selection of the best population for
COVID-19-induced ARDS with different severity.
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