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ABSTRACT

Objective. The results of the RECOV-
ERY trial identified dexamethasone as
the first pharmacological therapy that
reduces mortality in patients with COV-
ID-19. The aim of this paper is to con-
duct a systematic literature review on
safety and efficacy of pulse glucocorti-
coid therapy for Severe Acute Respira-
tory Syndrome (SARS)-CoronaVirus
(CoV), Middle East Respiratory Syn-
drome (MERS)-CoV or SARS-CoV-2
infections and describe a case-series of
COVID-19 patients treated with off-la-
bel pulse doses of methylprednisolone.
Methods. We performed a systematic
literature review on safety and effi-
cacy of pulse therapy for betacorona-
viridae infections as described in the
protocol registered on PROSPERO
(CRD42020190183). All consecutive
patients admitted to Arcispedale San-
ta Maria Nuova di Reggio Emilia or
Guastalla Hospital with COVID-19 be-
tween March 1* and April 30" 2020 and
treated with methylprednisolone 1 gram/
day for at least three days were included
in the case series. A retrospective review
of available computed tomography (CT)
scan and chest x-ray was performed in-
dependently by two radiologists blinded
to clinical data, and discordances were
resolved by consensus.

Results. Twenty papers were included
for SARS, but only two were compara-
tive and were included in the primary
endpoint analysis. Likewise, eleven pa-
pers were included for COVID-19, four
of which were comparative and were
considered for the primary outcome
analysis. Included studies for both
SARS and COVID-19 are mostly ret-
rospective and highly heterogeneous,

with lethality ranging from 0% to 100%
and ICU admission rate ranging from
9% to 100%. Fourteen patients were in-
cluded in our case series, 7 males and
7 females.

Conclusion. No randomised controlled
trial is available yet for corticoster-
oids pulse-therapy defined as at least
>500mg/day methylprednisolone in pa-
tients with emerging coronavirus pneu-
monia. Lethality among our cohort is
high (4/14), but this finding should be
interpreted with caution due to the fact
that in our setting pulse-steroids were
used in patients not eligible for other
treatments because of comorbidities
or as rescue therapy. The incidence of
steroid-related adverse events seems
low in our cohort.

The quality of the evidence on gluco-
corticoid pulse-therapy in SARS, MERS
and COVID-19 is poor. Randomised
controlled trials are greatly needed.

Introduction

Pharmacologic treatments for Corona-
virus Disease 2019 (COVID19) pneu-
monia are still under investigation. In
the preliminary results of the RECOV-
ERY trial, dexamethasone was identi-
fied as the first pharmacological ther-
apy able to reduce mortality in COV-
ID-19 (1). Dexamethasone 6mg for ten
days improved survival in patients with
respiratory failure. Off-label therapies
have been widely used and there are
many ongoing clinical trials, but no
solid evidence of any other effective
treatment is available yet.

There has been growing evidence that
hyperinflammation is linked to se-
vere pneumonia in COVID-19 (2-6).
In most patients with severe disease
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Severe Acute Respiratory Syndrome-
Coronavirus-2 (SARS-CoV2) infec-
tion is associated with a cytokine-
storm characterised by a rise of pro-
inflammatory cytokines leading to an
aberrant immune response (4, 7-13).
An abnormal inflammatory response is
also involved in the lung damage sec-
ondary to other betacoronaviridae, as
Severe Acute Respiratory Syndrome
(SARS-CoV) and Middle East Respir-
atory Syndrome (MERS-CoV) infec-
tions (11, 14). A study by Huang et al.
showed that people with more severe
COVID-19 admitted to intensive care
unit (ICU) had higher blood levels of
several cytokines such as IL2, IL7, IL
10, G-CSF, IP10, MCP1, MIC1A and
TNFao (4). An increment of IL6 in se-
vere cases of betacoronaviridae infec-
tions has been described and was con-
firmed in SARS-CoV2 infection (12,
15-17). Neutrophils play an important
role in COVID-19-induced lesions,
both in the peripheral blood and lungs
(3, 18). Thus, macrophage-activation
syndrome-like immune activation in
COVID19-associated acute respiratory
distress syndrome (ARDS) has been
hypothesised (19).

Consequently, researchers and clinics
have been focusing on immune-modu-
lating therapies to treat ARDS in patients
with COVID-19 (3, 20, 21), including
chloroquine (22), hydroxychloroquine
(23), IL1-inhibitors (24), JAK-inhibitors
(25) and IL-6 inhibitors (26-31).
Corticosteroids are under investigation
too. They inhibit numerous pro-inflam-
matory cytokines, including IL-6, IL-8,
MCP-1 and IL-10, that can be involved
in SARS-CoV2-induced lung damage
(32). Furthermore, as showed by Fauci
et al., they block the efflux of neutro-
phils and monocytes to the inflamma-
tory sites (33). Finally, research on
glucocorticoids for COVID-19 can be
particularly relevant for low-and-mid-
dle income countries, where expensive
biologic agents may not be available on
a large scale.

While low and moderate dose corti-
costeroids have been widely used in
SARS-CoV2 infection, we sought to
investigate a potential role of high dose
pulse glucocorticoid therapy. In COV-
ID-19 the cytokine storm represents
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Fig. 1. PRISMA flow chart of literature search for glucocorticoids pulse-therapy in SARS-CoV,

MERS-CoV and SARS CoV2.

the acme of the inflammatory process,
suggesting the need for a prompt and
strong anti-inflammatory effect, which
pulse glucocorticoid therapy can pro-
vide better than non-pulse treatment.
This therapy has already proven effec-
tive to treat the most severe complica-
tions of autoimmune diseases.

We designed a systematic review to
further explore literature on steroid
pulse therapy in SARS, MERS and
COVID-19 to assess lethality, ICU ad-
missions and the main glucocorticoids-
related adverse events in these patients.
The aim of this paper is to conduct a
systematic literature review on safety
and efficacy of pulse glucocorticoid
therapy for SARS, MERS or SARS-
CoV?2 infection and describe a mono-
centric case-series of COVID-19 pa-
tients treated with off-label pulse doses
of methylprednisolone.

Materials and methods

Systematic review

The review protocol was registered
on PROSPERO database with ID
CRD42020190183 (34). Any discrep-
ancy with original protocol was dis-
cussed in the methods. Only papers
including a methylprednisolone thera-
py of at least 500mg/day for at least 3
days or equivalent doses were consid-
ered. Full materials and methods of the
systematic review are reported in the
Supplementary file.

Patients

All consecutive patients admitted to
Arcispedale Santa Maria Nuova di
Reggio Emilia or Guastalla Hospital
between March 1% and April 30* 2020
with COVID-19 and treated with Meth-
ylprednisolone 1 gram/day for at least
three days were included in the study.

Clinical and Experimental Rheumatology 2021
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Table Ia. Primary outcomes for the two included studies for SARS.

First author Year Study population Patients - Deaths - Deaths - ICU - ICU -
pulse-therapy non pulse- therapy pulse-therapy non pulse- therapy  pulse-therapy
group group group group group
Ho* 2003 72 pts, 42F, 30M 17 3/55 1/17 11/55 1/17
Yam®® 2007 1287 pts, age 29-81, 737F, 550M 220 164/1067 66/220 199/1067 48/220
Table Ib. Primary outcomes for the two included studies for COVID-19.
First author Year Patients - whole Patients - Deaths - Deaths - Lethality - ICU - ICU - ICU -
study pulse-therapy whole study pulse-therapy pulse-therapy whole study pulse-therapy pulse-therapy
group group group (%) group group (%)
Fernandez-Cruz* 2020 463 pts, 317M, 146F, 15 71 NA NA NA NA NA
mean age 65,8 years
Rodriguez-Baiio® 2020 778pts, 552M, 226F 13 92 0 0% NA NA NA
Callejas- Rubio® 2020 92 pts, 58M, 34F, 26 7 NA NA 5 NA NA
mean age 63.9 years
Mareev™’ 2020 34 pts, 25M, 9F, 17 NA NA NA 18 12 70.6%

mean age 63.5 years

Therapeutic scheme
An internal off-label therapeutic sched-
ule was used:
Methylprednisolone intravenous 1gr

single daily dose for the first 3 days;
Then methylprednisolone per os:

16mg tablet 3 times a day for 3 days;
Then methylprednisolone per os:

8mg tablet 3 times a day for 3 days;
Then methylprednisolone per os:

4mg tablet 3 times a day for 3 days;
Then methylprednisolone per os:

2mg tablet 3 times a day for 3 days.
This schedule was chosen based on
rheumatologists’ experience with ster-
oid pulses in auto-immune diseases,
with a 12-day tapering to avoid inflam-
matory rebound.

Data collection

The data were collected from both elec-
tronic and paper clinical records. Data
on comorbidities, oxygen support, ven-
tilation and infection were collected
manually. A retrospective review of
available computed tomography (CT)
scan and chest x-ray was performed in-
dependently by two radiologists blinded
to clinical data, and discordances were
resolved by consensus. On the CT scan,
presence of ground-glass opacities,
consolidation, crazy-paving pattern,
pleural effusion and lymphadenopa-
thies (>1 cm in the short axis), as well
as bilateral distribution and extension
of parenchymal findings estimated by a
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visual scoring system (<20%, 20-39%,
40-59%, =60%) were collected (35).
On the chest x-ray, the presence of in-
terstitial pattern and consolidation, and
the estimation of parenchymal change
extension by means of the Radiograph-
ic Assessment of Lung Edema (RALE)
score, were collected (36). Laboratory
exams were extracted electronically.

Results

Literature review

The results found for each disease con-
sidered and the systematic review’s
flow-chart are depicted in Figure 1.
Eighteen papers were included for
SARS, but only two were comparative
and were included in the primary end-
point analysis (Table Ia). Eleven papers
were included for COVID-19, four of
which were comparative and were con-
sidered for the primary outcome analy-
sis (Table Ib).

COVID-19 papers included

in the primary outcome analysis
Callejas-Rubio et al. (37) compared a
group of patients that was treated with
pulse-therapy alone, another one with
tocilizumab alone and the last one with
tocilizumab and pulses.
Fernandez-Cruz et al. (38) and Calle-
jas-Rubio er al. (37) had a different
pulse-therapy definition compared to
our inclusion criteria, as they included
also doses <500mg/day of methylpred-

nisolone. Thus, it was not possible to
determine how many patients were in-
cluded in the =500mg/day methylpred-
nisolone group.

Rodriguez-Baio et al. (39) used a dif-
ferent definition of pulse therapy too,
but data about the =500mg/day methyl-
prednisolone group are provided in the
Supplementary file and by contacting
the corresponding author via email.

COVID-19 case series

Hussein er al. (40) described a single
case of a woman with an anti-neutro-
philic cytoplasmic antibody (ANCA)
Vasculitis presenting as pulmonary
haemorrage. She was treated with ster-
oid pulses and eventually passed away.
Maideniuc et al. (41) described a single
case of acute necrotising myelitis treat-
ed with steroid pulses, that survived and
at the time of the report was undergoing
rehabilitation.

Merab Sauiie et al. (42) described two
patients treated at home with steroid
pulses as rejected by medical institu-
tions and that had favourable outcomes.
Parsons et al. (43) described a case of a
woman developing acute disseminated
encephalomyelitis (ADEM) on day 18
of hospitalisation and was treated in
ICU with 5 days- 1gr methylpredniso-
lone-pulse therapy starting on day 31.
The patient was then extubated and be-
gan a rehabilitation process, being fully
oriented on day 59.
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Table Ila. Patients’ comorbidities at base-
line.

Condition

Females/Males 77
Symptoms

Cough/dyspnoea 10/14 (71.42%)
Myalgia/Asthenia 12/14 (85.71%)

Loss of consciousness
Hypertension
Diabetes mellitus

1/14 (7.14%)
9/14 (64.29%)
5/14 (35.71%)

Dementia 3/14 (21.42%)
Cerebral vascular disease 2/14 (14.29%)
COPD 2/14 (14.29%)
Obesity 2/14 (14.29%)

Smoking history

Active smoker

Ex-smoker

Previous myocardial infarction
Congestive heart failure
Dyslipidaemia

Connective tissue disease
Chronic kidney disease
Metastatic solid tumour
HIV-infection

/14 (7.14%)
1/14 (7.14%)
1/14 (7.14%)
1/14 (7.14%)
1/14 (7.14%)
1/14 (7.14%)
/14 (7.14%)
1/14 (7.14%)
1/14 (7.14%)

Pugin et al. (44) described 5 cases of
COVID19-related encephalitis treated
in ICU with methylprednisolone 500
mg pulse-therapy for 5 days. After 48—
72 hours, awakening with a dramatic
change of the level of consciousness
was observed in all patients allowing
extubation in 3/5 patients (2 had been
tracheostomised). Five to ten days af-
ter the first steroid pulse 3/5 patients
had fully recovered and the remaining
two were fluctuating with variations of
arousal, but when awake their Glasgow
Coma Scale (GCS) was 14.

Sheianov et al. (45) reported a case

series of 3 patients treated first with
125mg/day of methylprednisolone, then
with intravenous tocilizumab after ICU
admission and intubation. Eventually,
due to clinical worsening, they were
treated with 1gr methylprednisolone
and intravenous immunoglobins for 3
days. Notably, all of them recovered and
were discharged home by day 30 after
admission.

So et al. (46) described a series of seven
intubated patients treated with 3 days-
pulse therapy (500mg or 1gr of methyl-
prednisolone) and a total duration of 13
days of corticosteroids. They were all
extubated (2—7 days of mechanical ven-
tilation) and discharged home. Pipera-
cillin/tazobactam plus azithromycin or
levofloxacin were administered for 7
days. Interestingly, in this case series no
superinfection observed, while 2 cases
of hyperglycaemia and delusions were
reported.

The remaining results of the literature
review are reported in the Supplemen-
tary file.

Case series

Fourteen patients were included in our
case series, 7 males and 7 females.

The patients’ characteristics at base-
line are described in Table I1a. Three of
them (patients no. 1, 2 and 7) were pre-
viously treated with off-label tocilizum-
ab but did not experience any significa-
tive improvement, thus steroids pulse-
therapy was used as rescue therapy
with a subsequent respiratory recovery

and decrease of oxygen requirement.
Table IIb describes the radiological
characteristics of the patients at base-
line. CT scans were available in 13/14
patients, in all cases with presence of
ground-glass opacities and bilateral
distribution. Consolidation and crazy-
paving pattern were recognised in 8/13
and 11/13 patients, respectively, while
pleural effusion and lymphadenopathy
were present in 4/13 patients. The vis-
ual extension of disease was <20% in 2
patients, 20-39% in 5 patients, 40-59%
in 3 patients and =60% in 3 patients.
The patient without available CT scan
was judged with a high parenchymal in-
volvement based on chest x-rays, with
presence of both interstitial pattern and
consolidation, and a RALE score of 17.
The patients’ outcomes are shown in
Table III. Four out of fourteen patients
died, while two returned to the nursing
homes where they lived before hospital
admission. Of the remaining 8 patients,
4 returned to hospital accident and
emergency but only one of them need-
ed hospital re-admission for suspected
vasculitis. Episodes of delirium were
witnessed for the four deceased patients
and the two patients that lived in nurs-
ing homes with cognitive impairment.
For the other 8 patients no episode of
delirium nor psychosis was reported.

Discussion

To date, no randomised controlled trial
is available for the use of corticoster-
oids pulse-therapy defined as =500mg/

Table IIb. Patients’ imaging characteristics at baseline.

CT - Ground CT - CT - CT - CT- CT- CT - X-rays - X-rays- X-rays -
glass opacities Consolidation Crazy Paving Bilateral Visual Pleural Lymphadeno- Interstitial ~Consolidation RALE
extension effusion pathy pattern
1 Yes No No Yes <20% No No No No 0
2 Yes No No Yes 20-39% No No - - -
3 Yes Yes Yes Yes 40-59% Yes No Yes No 0
4 Yes Yes Yes Yes 20-39% No No - -
5 Yes Yes Yes Yes 40-59% No Yes - - -
6 - - - - - - - Yes Yes 17
7 Yes Yes Yes Yes =60% No No Yes Yes 26
8 Yes Yes Yes Yes 40-59% No No - - -
9 Yes No Yes Yes <20% Yes No No Yes 6
10 Yes No Yes Yes >60% No No - - -
11 Yes Yes Yes Yes 20-39% No Yes Yes No 7
12 Yes Yes Yes Yes >60% Yes No - -
13 Yes Yes Yes Yes 20-39% No NO No Yes 11
14 Yes No Yes Yes 20-39% No Yes - - -
Freq. 13/13 8/13 11/13 13/13 3/13 3/13 4/7 4/7
1122 Clinical and Experimental Rheumatology 2021
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Table Ilc. Patients’ laboratory characteristics at baseline.

Pre-pulse therapy Post-pulse therapy

CRP LDH D-dimer IL-6 P/F CRP LDH D-dimer IL-6 P/F
(mg/dl) (mg/dl) (ng/ml) (pg/ml) (mmHg) (mg/dl) (mg/dl) (ng/ml) (pg/ml) (mmHg)

1 426 628 340 259 2164 0.53 628 627 nd 242.5
2 1.34 590 1097 20.23 186 0.06 509 NA NA 334
3 6.13 1512 1632 182.8 NA 0.87 1298 1675 887.8 NA
4 15.2 359 918 112.5 1954 1.88 380 421 NA 99.8
5 10.1 500 NA NA 2532 2.39 451 476 NA 136
6 1.85 922 2510 5 91.1 2.38 523 828 194 151.3
7 32.8 1020 1301 2654 112.3 5.06 727 NA NA NA
8 11.1 530 NA 66.3 NA 1.15 472 1722 4.7 NA
9 20.1 1023 9572 192.8 108.9 10.18 4823 13246 98.1 82
10 16 879 1502 103.8 171.3 31.59 871 NA NA NA
11 13.7 1240 2686 89.5 NA 2.39 NA NA NA NA
12 8.26 930 1617 24.1 NA 047 NA 1083 14 NA
13 4.57 662 2525 243 276 0.38 469 NA NA NA
14 13.2 829 4396 49.1 173.8 0.75 564 NA NA 176
Median 10.6 854 16245 66.3 179.9 1.515 543.5 955.5 194 151.3

NA: not available; CRP: C-reactive protein; LDH: lactate dehydrogenasis; IL-6: interleukin-6; P/F: oxygen arterial pressure to inhaled oxygen fraction ratio.

Table III. Patients’ clinical outcomes and adverse events.

Outcome Therapy-to- Oxygen support NIV NIV duration Infections Re-admission  Re-admission cause
discharge or death duration (days)
(days) (days)
1 Home 8 13 NO NA Nil NO
2 Home 7 16 YES 3 Nil NO
3 Deceased 9 11 YES 10 Nil NA
4 Home 15 16 YES 8 Nil NO
5 Home 10 9 NO NA Nil YES Upper abdominal pain
6 Deceased 10 14 YES 12 Nil NA
7 Home 28 23 YES 10 Nil YES Chest pain
8 Home 21 23 NO NA Nil YES Suspect vasculitis
9 Deceased 6 6 YES 6 Suspect bacterial NA
infection at baseline
10 Deceased 9 10 NO NA Nil NA
11 Home 10 7 NO NA Nil YES Dyspnoea and fever
12 Home 20 14 NO NA Nil NO
13 Nursing home 29 47 NO NA Suspect bacterial NO
infection at baseline
14 Nursing home 26 34 NO NA Escherichia coli UTI NO
Median 10 14 9

NIV: non-invasive ventilation; NA: not applicable; UTI: urinary tract infection.

day of methylprednisolone in patients
with beta-coronaviridae-related pneu-
monia.

In SARS steroid pulse therapy was
widely used as a rescue therapy in ex-
tremely severe patients that did not
improve after other treatments. This is
particularly evident in the SARS most-
described cohorts in Hong Kong.
Included studies for both SARS and
COVID-19 are mostly retrospective
and highly heterogeneous, with le-
thality ranging from 0% to 100% and
ICU admission rate ranging from 9%
to 100%. This reasonably depends on
the extremely different populations de-
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scribed, such as a small population of
patients with end-stage renal disease
(47), severely compromised patients or
larger cohorts with better outcomes (39,
48, 49).

Understandably, as most of these stud-
ies were retrospective and did not par-
ticularly focus on pulse-therapy, the
secondary outcomes of this systematic
review were not reported for patients
treated with pulse-therapy. Even for
the avascular osteonecrosis and bone
mineral density, the most-investigated
steroid-related adverse events in SARS
patients, the results are inconsistent.
While there is some agreement on the

duration of steroidal therapy as a major
risk factor associated with avascular ne-
crosis (50), it is unclear if high-dose but
short duration therapies might be detri-
mental (51, 52). Furthermore, avascu-
lar osteonecrosis seems to stop or even
ameliorate once glucocorticoids are
ceased (53, 54).

Among the excluded papers, it is worth
mentioning Edalatifard et al. (55) and
Ruiz-Irastorza et al. (56). Edalatifard
et al. (55) conducted a single-blind
randomised controlled trial comparing
standard of care alone with standard of
care plus methylprednisolosone 250mg/
day for 3 days on 68 patients with COV-

1123



Steroids pulse-therapy for COVID-19 and SARS / G. Dolci et al.

ID-19. In this study the standard of care
group did not receive glucocorticoids.
Methylprednisolone pulses group had
a significantly higher percentage of
improved patients (94.1% vs. 57.1%;
p=0.001) and a significantly lower mor-
tality (5.9% vs. 42.9%; p<0.001).
Ruiz-Irastorza et al. (56) conducted
a comparative observational study in
242 patients with high inflammatory
markers at admission. Sixty-one pa-
tients (25%) received methylpredniso-
lone 125-250mg/day pulse-therapy for
three days in the second week of dis-
ease. This pulse-therapy group had a
decreased hazard ratio for death (0.35;
95%CI 0.11-1.06) and composite out-
come death or intubation (0.33; 95%CI
0.13-0.84) compared to the non-pulse-
therapy group.

The lethality in our case series is high
(4/14) compared to the overall lethality
described for COVID-19 (57). Never-
theless, this finding should be inter-
preted with caution due to the fact that
in our setting pulse-steroids were mostly
used as rescue therapy in patients with
moderate to severe respiratory failure
or not eligible to other treatments due to
other comorbidities. The four deceased
patients had important comorbidities,
with a Charlson’s score ranging from 4
to 7 and age ranging from 68 to 86 years.
Notably, the incidence of steroid-relat-
ed adverse events seems low in our co-
hort, but a longer follow-up is needed,
particularly for avascular osteonecro-
sis. The previous evidence from SARS
survivors suggests that avascular oste-
onecrosis is often asymptomatic and
can improve over time (53, 54).

With regard of super-infections, only
one urinary tract infection after the
administration of pulse-therapy was
found. New onsets of delirium were not
present in our cases, as well as clinical-
ly relevant episodes of hyperglycaemia.
Adverse events and in particular super-
infections might be under reported in
the examined literature, but this low
prevalence of steroid-related adverse
events is consistent with the findings of
our case series.

The impact of our findings is limited by
the small sample and retrospective na-
ture of our study. However, in our small
cohort, methylprednisolone pulse-ther-
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apy followed by a rapid corticosteroid
reduction and suspension seemed rela-
tively safe. While many clinicians and
researchers are focusing on immune-
modulatory therapies to control the cy-
tokine storm induced by SARS-CoV2
infection, steroid pulse-therapy can be
a viable option because of its fast and
profound anti-inflammatory effect act-
ing on multiple pathways. This can be
particularly important considered the
affordability of these treatment.

Conclusion

The quality of the evidence on glu-
cocorticoid pulse-therapy defined as
=500mg/day of methylprednisolone in
SARS, MERS and COVID-19 is poor
due to the lack of prospective studies.
Randomised controlled trials are ur-
gently needed.
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