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Abstract

Background: Corticosteroids (CSs), specifically dexamethasone (DEX), are the treatment of
choice for severe acute respiratory distress syndrome (ARDS) due to COVID-19 pneumonia
(CARDS). However, data from both ARDS and relatively small CARDS clinical trials have
suggested improved outcomes with methylprednisolone (MP) versus DEX. The objective of
this retrospective cohort study was to compare the safety and effectiveness of MP and DEX in
critically ill CARDS patients.

Methods: The study cohort included CARDS patients admitted to a tertiary referral intensive
care unit (ICU) between April and September 2020 who received at least 5days of CSs for
CARDS.

Results: The cohort was notable for a high severity of illness (overall, 88.5% of patients
required mechanical ventilation and 16% required vasopressors on admission). The DEX
group (n=62) was significantly older with a higher illness severity [Sequential Organ Failure
Assessment (SOFA] 6 (4.75-8) versus 4.5 (3-7), p=0.008], while the MP group (n=51) received
significantly more loading doses [19 (37.3%) versus 4 (6.5%), p<0.0001]. MP was associated
with a shorter time to intubation and more rapid progression to mortality [days to death:

18 (15-23) versus 27 (15-34), p=0.026]. After correction for baseline imbalances in age and
SOFA score, DEX was associated with improved mortality at 90 days compared with MP
[hazard ratio (HR) = 0.43, 95% confidence interval (Cl) = 0.23-0.80, p=0.008]. However, there
were no differences between rates of secondary infections during hospitalization or insulin
requirements at 7 and 14days.

Conclusion: In this cohort of critically ill CARDS, choice of CS was associated with mortality
but not adverse event profile, and thus warrants further investigation.
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respiratory distress syndrome (ARDS) due to
COVID-19 pneumonia (CARDS).! The immu-
nosuppressive effects of CSs are well described
and have been effectively used for a wide range of
inflammatory conditions, but there is a relative
paucity of data on drug-specific effects of methyl-
prednisolone (MP) versus dexamethasone (DEX)
in critically ill CARDS.
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Background

The coronavirus disease 2019 (COVID-19) pan-
demic continues to strain intensive care units
(ICUs) across the world years after the first case
was reported. Corticosteroids (CSs) have become
the standard of care for patients with acute
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and is associated with improved mortality and
ventilator-free days in patients with CARDS.2-6
Both the Infectious Disease Society of America
and National Institutes of Health guidelines rec-
ommend DEX as first line (strong recommenda-
tion) in CARDS, but consider MP or prednisone
as alternatives when DEX is not available.!:” MP
is an intermediate-acting CS that improves mor-
tality and morbidity in moderate to severe ARDS.8
MP has also been shown to be beneficial in the
treatment of CARDS.%12 Moreover, preclinical
pharmacologic data have supported the use of
MP in treating CARDS.13 Despite emerging data
supporting efficacy of MP in CARDS, DEX
remains standard of care due to a relative paucity
of comparative literature. The available studies
comparing CS options in CARDS have mixed
results, suggesting the need for further
studies.14-19

Common concerns with use of CS in critically ill
patients include increased risk of secondary infec-
tions and potential for complications associated
with hyperglycemia. Secondary infections are
common in CARDS, occurring in up to 46—63%
of patients.2%:21 Hospital- and ventilator-acquired
pneumonia (HAP and VAP) are major sources of
mortality in the ICU and significant concerns in
CARDS patients receiving high-dose CSs and
prolonged mechanical ventilation (MV). Some
studies have reported no significant increase in
secondary infections due to CSs,?! while others
reported an increased risk as well as delayed viral
clearance with (CSs.2223 The discrepancies
between results may be due to differing properties
between CS agents.2* Furthermore, steroid-
induced hyperglycemia (SIHG) is a common
adverse event (AE) and has been associated with
death in severe COVID-19 patients, but is not
well described in studies of critically ill COVID-
19 patients.?>

Objectives

The objectives of this study were to characterize
the implications of CS choice on mortality and
AEs, namely, secondary infections and hypergly-
cemia, in critically ill patients with CARDS.

cohort study at a large academic referral center in
San Antonio, Texas, comparing use of MP versus
DEX in critically ill patients with CARDS.
Management decisions were made by treating
providers based on clinical judgment.

Case identification and study period

Patients were identified through an internal list of
all patients admitted for COVID-19 from April to
September 2020 and cross-referenced with a list
extracted from the electronic medical record of all
patients with a diagnosis of COVID-19
(International Classification of Diseases, 10th
revision codes, U07.1 and U07.2). Data were
obtained using a structured data collection form
electronically generated.

Study population

Inclusion criteria were an ICU admission for at
least 24h with documented severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2)
infection, ARDS according to the Berlin defini-
tion,2¢ and treatment for at least 24h of MP or
DEX. Exclusion criteria included (1) any chronic
outpatient steroids, (2) hydrocortisone as an ini-
tial steroid regimen in lieu of MP or DEX, (3)
simultaneous use of both DEX and MP, and (4)
greater than 80 mg per day of MP. Patients receiv-
ing more than 80 mg MP were excluded based on
CS equivalency studies and the theoretically
increased risk of greater likelihood of AEs.2” From
March through June 2020, the institutional proto-
col for management of patients with COVID-19
pneumonia requiring supplemental oxygen sup-
port recommended MP 0.5mg/kg intravenous
(IV) twice daily (maximum dose of 80 mg daily)
for 5-7 days, with an optional initial bolus dose of
125mg. After publication of the RECOVERY
Trial in June 2020, the institutional protocol was
updated to recommend DEX 6 mg IV or oral daily
for 5-10days with an optional loading dose of
10mg.3 All patients received routine infection pre-
vention measures, including IV line care, enhanced
contact precautions, daily chlorhexidine bath,
head of the bed at elevation at 30°, and oral care
with chlorhexidine. All patients received care
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consistent with institutional protocols that
included prone positioning, lung protective venti-
lation as well as deep venous thrombosis prophy-
laxis. Protective lung ventilation was employed
using a low tidal volume ventilation strategy (6 ml/
kg) and titration of the fraction of inspired oxygen
and positive end expiratory pressure as per the
National Heart, Lung, and Blood Institute Acute
Respiratory ARDS Network protocol.

Outcomes

The primary outcome was mortality at 28 and
90 days. Secondary outcomes were days alive and
free of MV at days 28 and 60 after ICU admis-
sion, hospital and ICU lengths of stay, duration of
MV, acute renal insufficiency (using the Kidney
Disease: Improving Global Outcomes[KDIGO]
criteria: increase in serum Cr>0.3 or 1.5X base-
line), renal replacement therapy, new arrythmia
(other than sinus tachycardia), new systolic heart
failure (left ventricular ejection fraction<40%
assessed by echocardiogram), and need for trache-
ostomy. Safety outcomes of interest were hyper-
glycemia and secondary infections, including
bacterial respiratory, blood and urine infections as
well as fungal infections. Respiratory infection was
defined as a pathogen not considered to be normal
respiratory flora isolated from the lower respira-
tory tract. Urinary tract infection was defined
as> 100K CFU of a pathogen not considered to
be commensal flora. Uncontrolled hyperglycemia
was determined by requirement of continuous IV
insulin versus subcutaneous insulin (long- and
short-acting) and was assessed at hospitalization
day 7 after completion of CS and day 14 after
clearance of DEX, based on its longer half-life.

Other variables

Demographics and baseline comorbidities were
collected, in addition to onset and symptoms of
SARS-CoV-2 infection. Vital signs, respiratory
support, vasopressor use, SOFA score, and labo-
ratory values were obtained at the time of ICU
admission. Microbiological data were recorded at
admission and throughout hospitalization and fol-
lowed up to 90 days from admission to the ICU.

Data processing and statistical analysis

Patient demographics, clinical characteristics,
and outcomes were summarized with descriptive
statistics. Categorical data were analyzed using

chi-square test or Fisher’s exact, as appropriate.
Continuous data were assessed for normality
using the Shapiro—Wilk W test. Normally distrib-
uted data were reported as mean and standard
deviation and analyzed with the Student’s ¢ test.
Non-normal continuous data were reported as
median and interquartile range and analyzed with
the Wilcoxon rank-sum test. Kaplan—Meier
curves for time to secondary infection and sur-
vival to 90days were analyzed using log rank.
Survival to 90days was also analyzed with Cox
proportional hazards regression, adjusted for age
and baseline SOFA score. Model selection was
guided by the results of bivariate analyses. A p
value less than 0.05 defined significance. A con-
venience sample of all patients meeting inclusion
criteria at the institution was included in the
cohort. All statistical analyses were performed
using SPSS Version 28 (IBM Corporation,
Chicago, IL, USA).

Results

Cohort description

Two hundred ninety-one patients were screened
for inclusion in the study, of which 113 met crite-
ria for inclusion. Of the 158 ICU patients, 16 did
not have CARDS, 20 patients received less than
24h of CS, resulting in 122 patients, of which 9
were excluded (Figure 1). In total, 113 patients
were included in analysis, where 51 patients
received MP and 62 patients received DEX. The
MP group was significantly younger with a lower
severity of illness at inclusion [age 53.3 * 14.2
versus 59.9 = 13.0years (p=0.01); SOFA 4.5 (3—
7) wversus 6 (4.8-8) (p=0.008), Table 1]. The
overall cohort was notable for a predominantly
Hispanic male population with a significant, but
equally distributed burden of metabolic disease
between MP wversus DEX [male 66.7% versus
64.5%; hypertension 52.9% versus 48.4%; diabe-
tes 49% wersus 51.6%; body mass index (BMI)
32.2 versus 30.0kg/m?2 (all ps>0.2)]. The tempo-
ral distribution of corticosteroid use is shown on
Figure 2. Clinical presentation and comorbidities
are summarized in Tables S1 and S2 in the
Supplemental material, respectively.

The cohort had a high severity illness, with 88.5%
ultimately requiring invasive MV and 16% requir-
ing vasopressors at baseline. There were no differ-
ences between groups in rates of MV [MP 44
(86.3%) wersus DEX 56 (90.3%), p=0.56],
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Eligible patients (n=291)
- Hospitalized with COVID-19 between
April and September 2020

Excluded (n=133)
- Not admitted to ICU

Screened for inclusion criteria (n=158)
CARDS (n=142)

->24 hrs ICU admission (n=122)

- >24 hrs of MP or DEX (n=122)

Analyzed (n=
- MP (n=51)
- DEX (n=62)

Excluded (n=9)

- Chronic CCS (n=3)

- High dose MP (n=2)

- HC instead of MP/DEX (n=2)

- >48 hrs of both DEX and MP (n=2)
113)

Figure 1. Study flow diagram.

Included patients had to
exclusion criteria.

meet all four inclusion criteria without meeting any

vasopressor requirement [MP 6 (11.8%) versus
DEX 12 (19.4%), p=0.32], nor vasopressor regi-
mens, which were mostly norepinephrine mono-
therapy other than two patients requiring addition
of vasopressin upon ICU admission. It was char-
acterized by lymphopenic, hyperinflammatory
severe CARDS, with similar biochemical charac-
teristics between MP and DEX groups [partial
pressure of arterial oxygen to fraction of inspired
oxygen [P/F] ratio 95 (64-140) versus 94 (72—
210); C-reactive protein (CRP) 166.5 wversus
143.5 mg/l; ferritin 828 versus 796 mg/l; lympho-
cyte count 740 wversus 750/mm?3 (all ps>0.2)].
Acute renal insufficiency was common and simi-
lar between MP and DEX groups (41.2% wversus
45.9%). Other baseline laboratory biomarkers
were similar between groups (Table S2 in the
Supplemental material).

Time to the first CS dose after hospital admission
was similar between groups (1.35 wversus 1.37 days,
p»=0.52). The most common regimens were MP
40 mg IV twice daily (88.2%) and DEX 6 mg PO
daily (93.5%). The total duration of MP therapy
was significantly shorter with 12/51 (23.5%)
receiving MP for greater than 5 days versus 30/62

(48.4%) in the DEX group, and use of loading
doses was more common with MP (37.3% wversus
6.5%, p<<0.0001, Table 1). Patients in both
groups commonly received concomitant antibiot-
ics, with more antibiotics upon ICU admission in
the MP group (96.1% versus 82.2%, p=0.04).
Other CS were also used throughout hospitaliza-
tion after completion of CARDS-specific treat-
ment with MP or DEX, and hydrocortisone was
used more frequently in the DEX group (46.8%
versus 25.5%, p=0.03, Table 1).

Mortality and MV

Days from hospital admission to death were lower
in patients on MP versus DEX (19.9 = 7.8 versus
26.7 = 13.8days, p=0.025), yet the unadjusted
mortality rate at 90days was similar in both
groups (53.0% versus 56.5%, p=0.85, Table 2).
Figure 3(a) illustrates the disease progression in
the MP group and a similar survival at 90 days.
However, given the unequal baseline illness sever-
ity based on bivariate analyses, we performed a
Cox proportional hazards regression analysis.
After adjusting for age and SOFA score at ICU
admission, DEX was associated with decreased
mortality through 90days [hazard ratio = 0.43,
95% confidence interval (CI)=0.23-0.80,
p»=0.008] (Figure 3(b)).

There was no difference in days alive and free of
MV at day 28: MP 5.5 (1-20.5) versus DEX 8
(1-18), p=0.87). This finding was the same at
day 60 as well as in subgroups of patients with
known risk factors for progression of CARDS
(diabetes, age over 65 years, BMI over 30 kg/m?2,
and SOFA > 6).

Secondary infections

Pathogenic bacteria were commonly isolated but
not significantly different between MP and DEX
(61.2% wersus 60.1%, p=0.99) (Table 3). The
distribution of pathogens was notable for a high
prevalence of Pseudomonas aeruginosa and methi-
cillin-susceptible Staphylococcus aureus (MRSA)
in both groups (Table S4 in the Supplemental
material). There was a trend toward more
Kilebsiella aerogenes infection with DEX (11.3%
versus 2.0%, p=0.07). Fungal pathogens were
less common, with a similar incidence in both
groups (7.8% versus 4.8%, p=0.70). The median
time to secondary infection was similar between
MP and DEX (13.2+9.2 and 14.9 =9.1days,
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Table 1. Medical comorbidities and illness characterization.

MP (n=51) DEX (n=62) p value

Demographic characteristics

Age, years (SD) 53.3 (14.2) 59.9 (13.0) 0.01

Male, n (%) 34 (66.7%) 40 (64.5%) 0.84

Body mass index, kg/m?2 (IQR) 32.2(27.0-39.4) 30.0 (25.5-37.6) 0.21
Race, n (%)

Caucasian 22 (43.1%) 24 (38.7%)

Hispanic 29 (56.9%) 36 (58.1%) 0.28

African American 0 (0%]) 2 (3.2%)
Baseline comorbidities, n (%)

Obesity 28 (54.9%) 30 (48.4%) 0.57

Hypertension 27 (52.9%) 30 (48.4%) 0.71

Diabetes 25 (49.0%) 32 (51.6%) 0.85

Never smoker 39 (76.5%) 44.(71.0%) 0.75
Timing, days (IQR)

Symptoms onset to hospitalization 6 (4-8) 6 (4-8) 0.68

Symptom onset to ICU admission 8 (6-10] 9 (6-13.3) 0.06
Illness severity

SOFA score on ICU admission 4.5 (3-7) 6 (4.75-8) 0.008

P.0, / FiO, ratio 95 (64-140) 94 (72-120) 0.63
Baseline biomarkers

Lymphocyte count, 103/mm3 0.74 (0.47-1.17), n=45 0.75(0.50-1.11), n=56 0.83

C-reactive protein, mg/l 166.5(97.2-221.8) 143.5 (73.8-209.8) 0.26

Ferritin, mcg/l 828 (332-1514) 796 (360-1515) 0.84

Lactate dehydrogenase, units/l 520 (408-631) 470 (326-642) 0.32

Procalcitonin, ng/ml 0.37 (0.15-0.96) 0.36 (0.14-1.14), n=58 0.94
Respiratory support, n (%)2

Low-flow oxygen 4(7.8%) 7(11.3%) 0.75

High-flow oxygen or BiPAP 23 (45.1%) 23 (37.1%) 0.44

Invasive mechanical ventilation 24 (47.1%) 32(51.6%) 0.71
CS use

Total duration, days 5 (5-5) 5 (5-7) 0.008

Loading dose on day 1, n (%)° 19 (37.3%) 4(6.5%) <0.0001

(Continued)
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Table 1. (Continued)
MP (n=51) DEX (n=62) p value

Subsequent CS, n (%)

Hydrocortisone 14 (27.5%) 29 (46.8%) 0.03

Repeated CS course 6(11.8%) 6 (9.7%) 0.99
Vasopressor use, n (%) 6(11.8%) 12 (19.4%) 0.31
Other immunosuppressants, n (%)

Tocilizumab 0 (0% 2 (3.2%) 0.50

Hydroxychloroquine 2 (3.9%) 1(1.6%) 1.0

CS, corticosteroid; DEX, dexamethasone; ICU, intensive care unit; IQR, interquartile range; MP, methylprednisolone; SD,

standard deviation.
Bold signifies p < 0.05.

2High-flow = High-flow nasal canula and BiPAP. Low-flow oxygen = oxymask and nasal cannula.

bOptional loading dose: MP 125mg or DEX 10mg.
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Figure 2. Temporal distribution of corticosteroid use during data collection period from April to September
2020. RECOVERY Trial was initially published on 16 June 2020.

p=0.53) (Figure S1 in the Supplemental
material).
Hyperglycemia

Prevalence of hyperglycemia requiring long-act-
ing insulin was high and similar between MP and
DEX at hospital days 7 and 14, whereas uncon-
trolled hyperglycemia requiring an IV insulin
infusion was rare (Table 3). Patient was pre-
scribed sliding scale insulin as needed, as recom-
mended by institutional protocol. Need for

insulin regimens (sliding scale wersus scheduled
long-acting wversus infusion) were not significantly
different at days 7 and 14. Nursing protocols rec-
ommended intermittent subcutaneous over con-
tinuous IV insulin to mitigate exposure to
SARS-CoV-2, which may account for the higher
use of long-acting versus IV insulin.

Discussion
Despite the strong guideline recommendations
for CS therapy in CARDS, there is uncertainty
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Table 2. Mortality and life-threatening complications.

MP (n=51) DEX (n=62) p value
Primary outcomes
Mortality at 28 days, n (%) 26 (51%) 33 (53.2%) 0.85
Mortality at 90days, n (%) 27 (53.0%) 35 (56.5%) 0.85
Secondary outcomes
Days alive and free of MV at day 282 0(0-18) 0(0-11.25) 0.35
Days alive and free of MV at day 602 0 (0-50] 0 (0-45.5) 0.80
Days from hospital admission to intubation® 1[0-3] 2 [1-6] 0.01
Days from hospital admission to death 18 (15-23) 27 (15-34) 0.02
ICU length of stay, days 15 (9-22) 17 (9.75-26.25) 0.26
Hospital length of stay, days 16.5 (11.75-23]) 24 (14-34) 0.03
Days of MV 14 (8-19.25) 14 (10-22) 0.65
Complications
Acute renal insufficiency, n (%]c 21 (41.2%) 28 (45.2%) 0.70
Renal replacement therapy, n (%) 17 (33.3%) 13 (21.0%) 0.20
New arrhythmia, n (%)¢ 17 (33.3%) 18 (29.0%) 0.48
New systolic heart failure, n (%)e 4 (7.8%) 4 (6.5%) 0.99
Need for tracheostomy, n (%]f 9/22 (40.9%) 14/33 (42.4%) 0.78

DEX, dexamethasone; ICU, intensive care unit; MP, methylprednisolone; MV, mechanical ventilation. Continuous data

presented as median and interquartile range.
2Days from ICU admission.

bIntubated patients in each group: DEX (n=52) and MP (n=42).

cUsing KDIGO criteria: increase in serum Cr>0.3 or 1.5X baseline.

dArrhythmias other than sinus tachycardia were included.
eSystolic failure: left ventricular ejection fraction <40%.
fCorrected for mortality.

whether MP or DEX is superior and safer in criti-
cally ill CARDS.! The cohort is notable for a
higher rate of MV compared with other studies of
CS in CARDS, which typically include non-ICU
patients. In this study, MP was associated with a
shorter time to intubation, more rapid death, and
higher adjusted 90-day mortality but had similar
safety profiles compared with DEX. Secondary
infection rates, time to positive culture, and insu-
lin requirements were not different. Overall, our
study suggests that there is not a class effect of CS
and potentially an effect on drug-specific mortal-
ity in critically ill patients with CARDS.

SOFA scores have consistently been associated
with ICU mortality and were associated with
mortality in our cohort. However, despite rela-
tively low SOFA scores in the overall cohort,
mortality was significantly higher than expected
as predicted by SOFA scores, which is consistent
with prior studies suggesting limited predictive
value of SOFA scores in CARDS.2¢8 While the
overall mortality was higher than other studies,?°
differences may reflect the substantial illness
severity of our cohort. Future studies may con-
sider evaluating the prognostic value of the high-
est or change in SOFA score in the first 48h after
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Figure 3. Mortality over time: (a) Kaplan-Meier curve for mortality during hospitalization and (b] Cox
proportional hazard regression of mortality by steroid group, adjusted for baseline SOFA score and age, both
of which were associated with mortality (HR =1.04 (1.02-1.06), p<0.001, and HR = 1.20 (1.10-1.31), p<0.001,

respectively).

admission, as these variables have been closely
correlated with mortality of ICU patients.3°

While our findings are consistent with a previous
small study comparing these agents,!? prior trial
results have been mixed with relatively smaller
trials demonstrating a mortality benefit of using
MP and DEX in CARDS.%1415 The discordance
may be partially explained by large differences in
disease severities and patient populations. Almost
90% of our study population required invasive
MYV, compared with rates of approximately 30—
40% in previous studies evaluating DEX versus
MP in CARDS.1415 For example, in the study by
Ranjbar et al, the mean World Health
Organisation (WHO) ordinal clinical score at
baseline was between 4 and 5, reflective of a hos-
pitalized population not requiring oxygen ther-
apy. Our cohort also had a higher prevalence of
chronic comorbidities, particularly cardiovascu-
lar disease and diabetes, which are associated
with worse outcomes in COVID-19.3! The effi-
cacy of CS in CARDS is context specific, and
further research should evaluate the impacts of
timing of treatment, severity of hypoxemia, and
phase of illness (inflammatory infiltrates versus
fibroproliferative).

The dosing of CSs may have significant mortality
implications. Higher doses of steroids (i.e. DEX

10-20mg or MP 80-100mg) are associated with
rapid-onset, anti-inflammatory, non-genomic
effects.32 However, variable benefits have been
seen with higher dose CS in patients with
CARDS.33-35 A large recent randomized trial did
not demonstrate a difference in days alive with-
out life support when comparing patients given
12mg with those treated with 6 mg of DEX.33
Although the recommended CS regimens sug-
gested equivalent doses of MP and DEX, the
average effective CS dose of the MP group was
more than twice that of DEX, which could have
affected our observations. The group receiving
MP may have benefited from both non-genomic
and genomic effects through receipt of a loading
dose and higher daily dose,!? yet this did not
translate to improved clinical outcomes. A recent
large CARDS study of predominantly MP found
an initial protective effect but no overall mortal-
ity benefit of treatment with CS.5> Hence, addi-
tional studies are required to clarify the optimal
agent, dosing, and length of CS therapy in
CARDS.

Secondary infections are common in hospitalized
CARDS patients, reflecting the high prevalence
of comorbid conditions and immunosuppression
and the long duration of hospitalization.3¢-38 The
rate of secondary infections in our study was
approximately 60% — similar to previous studies
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Table 3. Safety outcomes of super infection and steroid-induced hyperglycemia.

Methylprednisolone (n=51) Dexamethasone (n=62) p value
Secondary infections
Any secondary infections, n (%) 38 (74.5%) 31 (50.0%) 0.99
Hospital admission to infection, days 13.2+9.2 14.9+9.1 0.53
Bacterial co-infection on admission, n (%) 5(9.8%) 8(12.9%) 0.77
Bacterial infection, n (%)
Positive respiratory culture 34 (66.7%) 46 (74.2%) 0.50
Bacteremia 10 (19.6%) 10 (16.1%) 0.63
Urine culture 5 (9.8%) 9 (14.5%) 0.64
Fungal infections, n (%)
Aspergillus fumigatus 1 (2.0%) 0 (0%] 0.45
Candidemia 3(5.9%) 5 (8.1%]) 0.73
Hyperglycemia
History of diabetes 25 (49.0%) 32 (51.6%) 0.85
Insulin requirement at day 7, n (%]
Subcutaneous insulin 22 (43.1%) 34 (54.8%) 0.26
Intravenous insulin 2 (3.9%) 1(1.6%) 0.59
Insulin requirement at day 14, n (%)
Subcutaneous insulin 44 (86.3%) 49 (79.0%) 0.34
Intravenous insulin 3(5.9%) 4 (6.5%) 0.99

of patients with COVID-19.20:21,39 This rate is
notably higher than the general critically ill popu-
lation. Significant immune derangements occur
in COVID-19 which predispose patients to super-
infections, including both bacterial and fungal
infections.?84% The link between CS and risk of
infection appears stronger with fungal infections,
such as COVID-associated pulmonary aspergil-
losis (CAPA).38:41:42 However, fungal infections
were rare in this cohort and similar between
groups, so we are unable to discern an effect
related to CS agent used. Many studies assessing
differences between MP and DEX in CARDS do
not report secondary infection rates.%!%15 Other
results have been mixed, with some reporting an
association between secondary infections and

DEX,43 and others reporting no effect on the risk
of superinfection.16:17 The risk of secondary infec-
tions does not appear to be affected by steroid
choice based on our study.

While hyperglycemia has been associated with
ICU mortality, there was not a significant differ-
ence in insulin therapy between MP and DEX to
account for the different mortality. The
RECOVERY trial reported only two cases of
STHG out of 2343 patients, and other large trials
with DEX did not report hyperglycemia end-
points. However, approximately half of our cohort
required scheduled long-acting insulin, reflecting
a significant portion with uncontrolled hypergly-
cemia despite the institutional protocol for sliding
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scale insulin. During the study period, there was
also an institutional recommendation to avoid
continuous IV insulin to mitigate exposure to
nursing staff, which likely artificially increased the
number of patients on scheduled long-acting
insulin. In our cohort, hyperglycemia affected
both diabetic and non-diabetic patients as evi-
denced by 16 non-diabetic patients requiring
scheduled insulin at day 14.

Limitations

Our study has several limitations, including the
retrospective design and relatively small sample
size. Our definition of secondary infection was
based on a positive culture or fungal seroconver-
sion, but did not consider other clinical parame-
ters, such as imaging or biomarkers, which may
have affected the diagnostic accuracy. We also
did not evaluate other common CS adverse effects
such as steroid-induced myopathy or gastrointes-
tinal bleeding. However, need for tracheostomy
may be reflective of muscle weakness and was not
significantly different between MP and DEX after
accounting for differences in mortality. While the
secondary outcomes were not significantly differ-
ent, there may have been a non-quantifiable time
effect as DEX was predominantly used during the
second half of the COVID surge and growing
experience with CARDS likely improved out-
comes. CS selection was based on physician dis-
cretion and could have affected the results.
Institutional protocols recommended prone posi-
tioning if P/F ratio was less than 150 as well as
lung protective ventilation — however, actual
implementation was not consistently docu-
mented, thus not assessed. These protocols did
not change throughout the study period but may
have affected mortality. Finally, although patients
treated with hydrocortisone initially were
excluded, some patients with refractory shock
were changed to hydrocortisone after receiving at
least 24h of DEX or MP. The incidence of vaso-
pressor use in both groups was similar, but we
cannot fully account for the effects of this adjust-
ment in the patient population.

Conclusion

This study further contributes to the knowledge
of the implications of CS choice in critically ill
patients with CARDS by comparing MP and
DEX mortality and AEs up to 90days after

treatment. We found a benefit in adjusted 90-day
mortality with DEX, but comparable rates of sec-
ondary infections and insulin requirements
among critically ill COVID patients treated with
DEX and those treated with MP. Further studies
are needed to validate our findings.

Declarations

Ethics approval and consent to participate

The study was approved by the University of
Texas Health Science Center-San Antonio
Institutional Review Board (IRB) and the
University Health System research department
(HSC20200207EX).

Consent for publication

The IRB approved this study to be exempt from
individual patient consent for publication as exist-
ing data were collected and de-identified.

Author contributions

Dean Kellogg: Conceptualization; Data cura-
tion; Formal analysis; Investigation; Writing —
original draft; Writing — review & editing.

G. Christina Gutierrez: Conceptualization;
Data curation; Investigation; Writing — original
draft.

Clay E. Small: Conceptualization; Data cura-
tion; Methodology; Resources.

Benjamin Stephens: Data curation; Resources;
Writing — original draft.

Paloma Sanchez: Conceptualization; Data

curation; Resources.
Moezzullah Beg: Data curation; Methodology.

Holly L. Keyt: Conceptualization; Data cura-
tion; Supervision.

Marcos I. Restrepo: Conceptualization;
Supervision; Writing — review & editing.

Rebecca L. Attridge: Conceptualization; Data
curation; Formal analysis; Investigation; Metho-
dology; Software; Supervision; Visualization;
Writing — original draft.

Diego J. Maselli: Conceptualization; Data cura-
tion; Formal analysis; Investigation; Methodology;
Project administration; Software; Supervision;
Visualization.

journals.sagepub.com/home/tai


https://journals.sagepub.com/home/tai

D Kellogg, GC Gutierrez et al.

Acknowledgements
None.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this
article.

Competing interests

The authors declared no potential conflicts of
interest with respect to the research, authorship,
and/or publication of this article.

Availability of data and materials
De-identified patient data are available upon
request to the corresponding author.

ORCID iD
Dean Kellogg
6550-3296

https://orcid.org/0000-0002-

Supplemental material
Supplemental material for this article is available
online.

References
1. National Institutes of Health Panel. Coronavirus
disease 2019 (COVID-19) treatment guidelines,
https://www.covid19treatmentguidelines.nih.gov/

2. Tomazini BM, Maia IS, Cavalcanti AB, ez al.
Effect of dexamethasone on days alive and
ventilator-free in patients with moderate or severe
acute respiratory distress syndrome and COVID-
19: the CoDEX randomized clinical trial. ¥4MA
2020; 324: 1307-1316.

3. Group RC, Horby P, Lim WS, ez al.
Dexamethasone in hospitalized patients with
Covid-19. N Engl ¥ Med 2021; 384: 693-704.

4. Villar J, Ferrando C, Martinez D, ez al.
Dexamethasone treatment for the acute
respiratory distress syndrome: a multicentre,
randomised controlled trial. Lancer Respir Med
2020; 8: 267-276.

5. Moreno G, Carbonell R, Martin-Loeches I, ez
al. Corticosteroid treatment and mortality in
mechanically ventilated COVID-19-associated
acute respiratory distress syndrome (ARDS)
patients: a multicentre cohort study. Ann Intensive
Care 20215 11: 159.

6. Yu GQ, Jiang ZH, Yang ZB, et al. The effect of
glucocorticoids on mortality in severe COVID-19

10.

11.

12.

13.

14.

15.

16.

patients: evidence from 13 studies involving 6612
cases. Medicine 2021; 100: e27373.

Bhimraj A, Morgan RL, Shumaker AH, et al.
Infectious Diseases Society of America guidelines
on the treatment and management of patients
with COVID-19. Clin Infect Dis. Epub ahead of
print 27 April 2020. DOI: 10.1093/cid/ciaa478.

Meduri GU, Siemieniuk RAC, Ness RA, ez

al. Prolonged low-dose methylprednisolone
treatment is highly effective in reducing duration
of mechanical ventilation and mortality in
patients with ARDS. ¥ Intensive Care 2018; 6: 53.

Edalatifard M, Akhtari M, Salehi M, et al.
Intravenous methylprednisolone pulse as a
treatment for hospitalised severe COVID-19
patients: results from a randomised controlled
clinical trial. Eur Respir ¥ 2020; 56: 2002808.

Hamed DM, Belhoul KM, Al Maazmi NA, et al.
Intravenous methylprednisolone with or without
tocilizumab in patients with severe COVID-

19 pneumonia requiring oxygen support: a
prospective comparison. ¥ Infect Public Health
2021; 14: 985-989.

Fadel R, Morrison AR, Vahia A, et al. Early
short-course corticosteroids in hospitalized
patients with COVID-19. Clin Infect Dis 2020;
71:2114-2120.

Jeronimo CMP, Farias MEL, Val FFA, et al.
Methylprednisolone as adjunctive therapy for
patients hospitalized with coronavirus disease
2019 (COVID-19; metcovid): a randomized,
double-blind, phase IIb, placebo-controlled trial.
Chlin Infect Dis 2021; 72: e373—e381.

Draghici S, Nguyen TM, Sonna LA, ez al.
COVID-19: disease pathways and gene
expression changes predict methylprednisolone
can improve outcome in severe cases.
Bioinformatics. Epub ahead of print 9 March
2021. DOI: 10.1093/bioinformatics/btab163.

Ranjbar K, Moghadami M, Mirahmadizadeh

A, et al. Methylprednisolone or dexamethasone,
which one is superior corticosteroid in the
treatment of hospitalized COVID-19 patients: a
triple-blinded randomized controlled trial. BMC
Infect Dis 2021; 21: 337.

Ko JJ, Wu C, Mehta N, er al. A comparison
of methylprednisolone and dexamethasone in
intensive care patients with COVID-19.

F Intensive Care Med 20215 36: 673—-680.

Fatima SA, Asif M, Khan KA, et al.
Comparison of efficacy of dexamethasone and
methylprednisolone in moderate to severe Covid
19 disease. Ann Med Surg 2020; 60: 413-416.

journals.sagepub.com/home/tai


https://journals.sagepub.com/home/tai
https://orcid.org/0000-0002-6550-3296
https://orcid.org/0000-0002-6550-3296
https://www.covid19treatmentguidelines.nih.gov/

THERAPEUTIC ADVANCES in

Infectious Disease

Volume 10

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Umbrello M, Formenti P, Nespoli S, ez al.

Effect of different corticosteroid regimens on

the outcome of severe COVID-19-related acute
respiratory failure. A retrospective analysis. ¥ Clin
Med 20215 10: 4847.

Pinzon MA, Ortiz S, Holguin H, ez al.
Dexamethasone vs methylprednisolone high dose
for Covid-19 pneumonia. PLoS One 2021; 16:
e0252057.

Corral-Gudino L, Bahamonde A, Arnaiz-Revillas
F, et al. Methylprednisolone in adults hospitalized
with COVID-19 pneumonia: an open-label
randomized trial (GLUCOCOVID). Wien Klin
Wochenschr 20215 133: 303-311.

Grasselli G, Scaravilli V, Mangioni D, ez al.
Hospital-acquired infections in critically ill
patients with COVID-19. Chesr 2021; 160:
454-465.

Ritter LA, Britton N, Heil EL, ez al. The impact
of corticosteroids on secondary infection and
mortality in critically ill COVID-19 patients. ¥
Intensive Care Med 20215 36: 1201-1208.

van Paassen J, Vos JS, Hoekstra EM, ez al.
Corticosteroid use in COVID-19 patients: a
systematic review and meta-analysis on clinical
outcomes. Crit Care 2020; 24: 696.

Giacobbe DR, Battaglini D, Ball L, ez al.
Bloodstream infections in critically ill patients
with COVID-19. Eur ¥ Clin Invest 20205 50:
el3319.

Derendorf H, Hochhaus G, Mollmann H,

et al. Receptor-based pharmacokinetic-
pharmacodynamic analysis of corticosteroids.
F Clin Pharmacol 1993; 33: 115-123.

Li X, Xu S, Yu M, er al. Risk factors for severity
and mortality in adult COVID-19 inpatients

in Wuhan. ¥ Allergy Clin Immunol 2020; 146:
110-118.

Force ADT, Ranieri VM, Rubenfeld GD, et al.
Acute respiratory distress syndrome: the Berlin
definition. ¥AMA 2012; 307: 2526-2533.

Mager DE, Lin SX, Blum RA, ez al. Dose
equivalency evaluation of major corticosteroids:
pharmacokinetics and cell trafficking and
cortisol dynamics. ¥ Clin Pharmacol 2003; 43:
1216-1227.

Raschke RA, Agarwal S, Rangan P, ez al.
Discriminant accuracy of the SOFA score for
determining the probable mortality of patients
with COVID-19 pneumonia requiring mechanical
ventilation. ¥AMA 2021; 325: 1469-1470.

20.

30.

31.

33.

34.

35.

36.

37.

38.

39.

Finelli L, Gupta V, Petigara T, er al. Mortality
among US patients hospitalized with SARS-
CoV-2 infection in 2020. FAMA Netw Open
2021; 4: e216556.

Ferreira FL, Bota DP, Bross A, et al. Serial
evaluation of the SOFA score to predict outcome in
critically ill patients. ¥4AMA 2001; 286: 1754-1758.

Shi C, Wang L, Ye ], ez al. Predictors of mortality
in patients with coronavirus disease 2019: a
systematic review and meta-analysis. BMC Infect
Dis 2021; 21: 663.

. Meduri GU, Annane D, Confalonieri M, ez al.

Pharmacological principles guiding prolonged
glucocorticoid treatment in ARDS. Intensive Care
Med 2020; 46: 2284-2296.

Group CST, Munch MW, Myatra SN, ez al.
Effect of 12 mg vs 6 mg of dexamethasone on
the number of days alive without life support in
adults with COVID-19 and severe hypoxemia:
the COVID STEROID 2 randomized trial.
FAMA 2021; 326: 1807-1817.

Albarran-Sanchez A, Ramirez-Renteria C,
Mercado M, et al. Real-world evidence of the use
of glucocorticoids for severe COVID-19. Ther Adv
Endocrinol Metab 20225 13: 20420188211072704.

Toroghi N, Abbasian L, Nourian A, ez al.
Comparing efficacy and safety of different doses
of dexamethasone in the treatment of COVID-
19: a three-arm randomized clinical trial.
Pharmacol Rep 2022; 74: 229-240.

Chen WC, Lai YC, Lin CH, et al. First COVID-
19 mortality case in Taiwan with bacterial
co-infection by national surveillance of critically
ill patients with influenza-negative pneumonia.

F Microbiol Immunol Infect 20205 53: 652—656.

Musuuza JS, Watson L, Parmasad V, ez al.
Prevalence and outcomes of co-infection and
superinfection with SARS-CoV-2 and other
pathogens: a systematic review and meta-analysis.
PLoS One 20215 16: e0251170.

Gangneux JP, Dannaoui E, Fekkar A, ez al.
Fungal infections in mechanically ventilated
patients with COVID-19 during the first wave:
the French multicentre MYCOVID study. Lancet
Respir Med 20225 10: 180-190.

Risa E, Roach D, Budak JZ, ez al.
Characterization of secondary bacterial infections
and antibiotic use in mechanically ventilated
patients with COVID-19 induced acute
respiratory distress syndrome. ¥ Intensive Care
Med 20215 36: 1167-1175.

journals.sagepub.com/home/tai


https://journals.sagepub.com/home/tai

D Kellogg, GC Gutierrez et al.

40. Pasrija R and Naime M. The deregulated
immune reaction and cytokines release
storm (CRS) in COVID-19 disease. Int
Immunopharmacol 20215 90: 107225.

41. Permpalung N, Chiang TP, Massie AB, ez al.
Coronavirus disease 2019-associated pulmonary
aspergillosis in mechanically ventilated patients.
Clin Infect Dis 2022; 74: 83-91.

42.

43.

Seagle EE, Jackson BR, Lockhart SR, ez al. The
landscape of candidemia during the coronavirus
disease 2019 (COVID-19) pandemic. Clin Infect
Dis 2022; 74: 802-811.

Leistner R, Schroeter L, Adam T, ez al.
Corticosteroids as risk factor for COVID-19-
associated pulmonary aspergillosis in intensive
care patients. Crit Care 2022; 26: 30.

Visit SAGE journals online
journals.sagepub.com/
home/tai

®SAGE journals

journals.sagepub.com/home/tai


https://journals.sagepub.com/home/tai
https://journals.sagepub.com/home/tai
https://journals.sagepub.com/home/tai

