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ABSTRACT

BACKGROUND: Coronavirus disease-19 (COVID-19) is associated with acute kidney injury (AKI) and acute respiratory distress syndrome
(ARDS) with high mortality rates. In African American (AA) populations, COVID-19 presentations and outcomes are more severe. NIH and
Interim WHO guidelines had suggested against the use of corticosteroids unless in clinical trials until the recent publication of the RECOV-
ERY trial. Here, we analyzed the treatment effect of methylprednisolone on patients with AKI and ARDS during the initial 2months of COVID-
19 and detail the learning effect within our institution.

METHODS: Between March 1 and April 30, 2020, 75 AA patients met our inclusion criteria for ARDS and AKI, of which 37 had received cor-
ticosteroids. Twenty-eight-day mortality, improvement in PaO,/FiO, ratio, and renal function were analyzed. The impact of methylpredniso-
lone treatment was assessed with multivariable methods.

RESULTS: Survival in the methylprednisolone group reached 51% at 21days compared to 29% in the non-corticosteroid group (P<.001).
Methylprednisolone improved the likelihood of renal function improvement. PaO,/FiO, ratio in the methylprednisolone group improved by
73% compared to 45% in the non-corticosteroid group (P=.01). Age, gender, BMI, preexisting conditions, and other treatment factors did
not show any impact on renal or PaO,/FiO, ratio improvement. The use of anticoagulants, the month of treatment, and AKI during hospitali-
zation also influenced outcomes.

CONCLUSION: In AA COVID-19 positive patients with ARDS and AKI, IV methylprednisolone lowered the incidence of mortality and improved

the likelihood of renal and lung function recovery. Further investigation with a randomized control trial of corticosteroids is warranted.
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Introduction

Coronavirus disease-19 (COVID-19) continues to carry high
mortality with a case burden of 25 million cases worldwide and
6 million cases in the USA as of September 2nd, 2020.! Infection
with SARS-CoV-2 can range from asymptomatic carriers to
mild respiratory distress to acute respiratory distress syndrome
(ARDS) (2). Acute kidney injury (AKI) is often seen in associa-
tion with ARDS?3 and its presence in ARDS results in 20%
mortality.* In some cases, kidney involvement can be the sole
presentation of COVID-19 with electrolyte abnormalities
(both hypo and hypernatremia, extreme hyperkalemia),>”
which can cause fatal cardiac arrhythmias and sudden death.
The preferential activation of lymphocytes and macrophages
within the interstitium of the kidney, disseminated intravascular
coagulation, and micro thrombosis are observed in autopsy

studies, similar to thrombotic microangiopathy with some fea-
tures of resident lymphocyte and macrophage immune cells
activation as seen in allergic interstitial nephritis (AIN).8° The
recent RECOVERY trial also demonstrated that dexametha-
sone resulted in lower 28-day mortality in COVID-19 positive
patients receiving invasive mechanical ventilation or oxygen.®
Equally, the CoDEX Randomized Clinical Trial demonstrated
that intravenous dexamethasone reduced the number of required
ventilator days for COVID-19 patients with moderate to severe
ARDS.M Equally, a recent prospective meta-analysis of criti-
cally ill patients with COVID-19 treated with systemic corti-
costeroids from studies throughout the world demonstrates a
lower 28-day all-cause mortality.!? The effectiveness of corti-
costeroids is lost once the RECOVERY trial data is removed
from the prospective meta-analysis.”> The CAPE COVID-19
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study demonstrated no benefit of corticosteroids.’® Equally, a
recent study in Brazil showed no mortality benefit of corticos-
teroid treatment over 28 days.!* Therefore, treating inflamma-
tion associated symptoms caused by SARS-CoV-2 infection is
controversial and requires further investigation.

However, others report that the use of corticosteroids to
treat SARS-CoV-2 infection may not be beneficial.'> The
administration of corticosteroids had no benefit with Middle
East respiratory syndrome coronavirus (MERS-CoV) and
Severe Acute Respiratory Syndrome (SARS) and potentially
delayed MERS coronavirus RNA clearance.’® Hence, the NIH
and Interim WHO applied similar guidelines to COVID-19
treatment and suggested restricted use of corticosteroids.!”-1?
However, corticosteroids continue to be used under expert rec-
ommendations for patients with ARDS based on the Meduri
protocol, which showed a survival benefit in ARDS.?° Clinical
observations from several local institutions across New York
City at the beginning of the pandemic suggested steroids could
be beneficial and protective to patients with ARDS and AKI.
The dose and duration of corticosteroids use in AIN2! AKI
along with ARDS is unexplored.

Of the COVID-19 associated deaths within the USA, 27%
were African American (AA) patients while AA accounts for
only 12.5% of the population in the USA.?? Similar disparities
are reflected in the number of hospitalizations among AA
compared to disease prevalence in the community. These dis-
parities might be partially due to the biological differences in
inflammation between races. AA and Hispanic children at
baseline seem to have elevated C reactive protein compared to
Caucasians.?® Our hospital, was a COVID-19 designated hos-
pital for NY State and served a predominantly AA and Afro
Caribbean population. Considering the cytokine storm, higher
baseline inflammation markers in AAs, previous evidence of
the benefit of corticosteroids to treat ARDS, and possibly
AIN?0.24 our institution initiated a protocol for use of corticos-
teroids (methylprednisolone) during the height of the COVID-
19 pandemic. Not all providers agreed to this protocol. Those
that did not get methylprednisolone during the same time-
period served as our comparator group. Therefore, the goal of
this study was to examine the effectiveness of methylpredniso-
lone administration in COVID-19 AA subjects. We utilized 2
doses of methylprednisolone, at the discretion of the treating
physician, as we were desperately trying to treat our patient
population during this pandemic and at this time no dosing
strategy was established for COVID-19. Here, we retrospec-
tively examined the association between methylprednisolone
use, respiratory failure, and acute kidney injury at a large aca-
demic medical center providing care to a marginalized group of
COVID-19 patients in New York City.

Methods
Study population

We conducted a retrospective observational study on all patients
of AA/Afro Caribbean race between March 1 and April 30,

2020, who fulfilled the inclusion criteria. The study was granted
an exemption under rapid IRB approval by our Institutional
Review Board and adherence to the Declaration of Helsinki. All
patients included in the study had a confirmed positive
Nasopharyngeal or Oropharyngeal PCR test for COVID-19,
had AKI as defined by Kidney Disease Improving Global
Outcomes (KDIGO) criteria either on admission or developed
AKI during the study period of hospitalization, and had simi-
larly varying degrees of respiratory failure from requiring high
flow oxygen to mechanical ventilation. Based on the onset of
symptoms, an arbitrary cut off time point was decided upon to
group patients either as early presenters of AKI and ARDS
(within 6 days of initial symptoms) or late presenters of AKI and
ARDS (after 6 days of initial symptoms). As the administration
and dose of steroids were left up to the discretion of the primary
care provider, patients received either no methylprednisolone or
received 2 different doses of methylprednisolone (1 mg/kg/day
or low dose for the early presenters and 2mg/kg/day or high
dose for the late presenters). The dosage and duration were
intended to follow the “Meduri protocol.”® To be included in
our analysis, patients had to receive steroids for a minimum of
3days or longer. 37 patients each who had AKI with varying
degrees of respiratory failure received methylprednisolone at 2
different doses and 38 patients each who had similar degrees of
AKIT and respiratory failure did not receive any steroids.

Outcomes

The primary outcome was patient survival during the first
21days after admission. Secondary outcomes were improve-
ment in lung function and kidney function. Improvement in
lung function was defined as either successful extubation or
improvement of PaO,/FiO, ratio of more than 200, PEEP of
less than 10, and FiO, of less than 60% at any time point up to
day 28 in intubated patients or up to the time point of dis-
charge for non-ventilated patients. Similarly, improvement of
renal function was defined as a 50% increase in glomerular fil-
tration rate (GFR) up to day 28 or freedom from dialysis at any
time point up to day 28 and discharge.

Data collection and statistical analysis

In this exploratory analysis, characteristics, risk factors, and
information about the progression of the COVID-19 disease,
AKI and ARDS were collected for all patients. Comparative
descriptions of patient’s characteristics were quantified and
reported as means with standard deviation or medians with
ranges and for qualitative factors reported as frequencies and
percentages. Comparisons between groups were performed
using the Wilcoxon or Kruskal-Wallis test or Chi-Square test.
All factors were tested for possible associations. Patient survival
was calculated from the date of admission to the date of death
or date of discharge. Survival time was truncated at 28days
after admission and censored. Patient survival was assessed

using the Kaplan-Meier methods.
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To assess the overall impact of methylprednisolone on out-
comes, different multivariable models were developed for the
administration of methylprednisolone compared to no methyl-
prednisolone treatment adjusted for possible risk factors. In
addition, secondary analyses were performed in which the
methylprednisolone group was divided into the low and high
dosage of methylprednisolone. Cox-regression models were
used for determining risk factors for patient survival. To meas-
ure the impact of the potential start of dialysis and/or mechani-
cal ventilation, those factors were included as time-dependent
variables into the model. Due to the differences in start dates
for steroids (<6 days vs >6 days from symptom onset) and due
to different doses used at those start dates (low dose for <6 days
post symptom onset and >6 days post symptom onset for high
dose methylprednisolone), the overall analysis of treatment
effect was performed for the combined versus no methylpred-
nisolone treatment first and then further analyzed whether
there was an impact of time of the start of steroids or an impact
from the 2 different doses of methylprednisolone separately.
All proportional hazard assumptions for the Cox regression
were checked using weighted Schoenfeld residuals.

The multivariable test for the outcome of kidney and lung
function was performed using logistic regression models. For
the Cox as well as for the logistic regression models, clinically
relevant factors with a P-value <.2 in the univariate model
were entered into the multivariable model. Comprehensive
tests for interactions between the time of admission, patient
(age, gender), treatment (HCQ, AZI, anticoagulation, vaso-
pressors), and risk (DM, Hypertension, MAP <70) factors
were also performed.

Results

Methylprednisolone treatment was primarily
administered in the second month of the
COVID-19 pandemic

The 2 treatment groups were comparable for available clini-
cally relevant risk factors (see Table 1 for patient characteris-
tics). The patients in both groups were elderly, with similar
preexisting risk factors. The number of patients treated with
methylprednisolone in April was higher than in March. Out of
the 37 patients who received methylprednisolone, 28 patients
were treated with a low dose, while 9 patients were treated with
high dose methylprednisolone. This higher dose was only
administered in April. Additional medication use (anticoagu-
lants, Hydroxychloroquine, and Azithromycin) was distributed
similarly between both groups.

Low dose methylprednisolone improved kidney

function outcomes

Overall, 55% of patients who did not receive methylpredniso-
lone and 76% of patients who did receive it showed an improve-
ment in the composite endpoint of improved kidney function

(defined by improvement in their GFR and being off dialysis,

P=.06; Figure 1). In the methylprednisolone group, 82% of
patients improved as compared to 56% in the high dose meth-
ylprednisolone group (Supplemental Table E1). Patients that
developed AKI during hospitalization had the worst outcomes
(Figure 1). For those patients, the OR (odds ratio) for improve-
ment was 0.118 (P=.001; Figure 1). MAP <70 at admission
and the need for hemodialysis negatively impacted on patient
improvement (Figure 1). Age, gender, BMI, the month of
admission, preexisting conditions, and other treatment factors
did not significantly impact on GFR improvement in the uni-
variate models (data not shown). When the improvement of
GFR was analyzed by the different methylprednisolone dos-
ages, the improvement with low dose versus no methylpredni-
solone showed a clear advantage with an OR of 4.6 (P=.04)
compared to high dose versus none OR 1.65 (P=.61;
Supplemental Table E1). The prediction in both models
reached a c-statistic of over 0.85.

Methylprednisolone treatment improved the PaO,/
FiO, ratio

Overall, ARDS (PaO,/FiO, ratio) improved in the methyl-
prednisolone group by 73% compared to 45% in the patients
without steroid treatment (P=.01; Figure 2). The low dose
methylprednisolone group improved by 79% compared to 56%
in the high dose methylprednisolone group (P=.02,
Supplemental Table E2). Multivariable risk factor analysis for
methylprednisolone versus no methylprednisolone demon-
strated MAP <70 and AKI developed during hospitalization
and required mechanical ventilation intervention, resulting in a
decreased likelihood of ARDS improvement (Figure 2). The
OR for female patients showed a trend to a less favorable out-
come (Figure 2). Patients admitted during the month of April
showed an improved outcome compared to patients admitted
before April. The treatment with methylprednisolone increased
the likelihood of ARDS improvement by a factor of 4.5 (P=.07).
When taking the methylprednisolone dosage into account, the
low dose group achieved an OR for ARDS improvement of
4.43 (P=.06, Supplemental Table E2) compared to no methyl-
prednisolone treatment. The high dose methylprednisolone
group compared to no steroid treatment achieved an OR for
ARDS improvement of 3.28 (P=.36). All other potentially
influential factors as age, BMI, preexisting conditions, and other
treatment factors did not show any impact of ARDS improve-
ment. The c-statistic for both models reached values over 0.9.

Improved survival in AKIV/ARDS patients treated
with methylprednisolone

The Kaplan-Meier survival curve showed greater survival in
patients treated with methylprednisolone compared with
patients without methylprednisolone during the first 28 days
(Figure 3). The survival in the methylprednisolone group
reached 73% (51%) at day 14 (21) compared to 36% (29%) in
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Table 1. Demographics and patient characteristics.

CHARACTERISTICS METHYLPREDNISOLONE
NO (N=38)
Age 72.5 [34-92]
Male 21 (55%)
BMI 28 [14.7-50.1]
Diabetes 0 (53%)
Hypertension 6 (68%)
CAD 6 (16%)
Previous stroke 4 (11%)
MAP < 70 at admission 7 (45%)
GCS 14 [3-15]
SCR at admission 1.7 [0.6-15.7]

PaO2 at admission

PaO,/FiO, ratio

67.6 [30.9-227.0]
97.5 [41.0-568.0]

Admission month

March 19 (79%)

April 19 (37%)
Treatment

HCQ & AZI 5 (65%)

HCQ&AZI&TOC 3 (8%)

Other 0 (17%)
Anticoagulation 6 (16%)
Vassopressors 0 (26%)
Mechanical ventilated 6 (42%)
Hemodialysis 7 (18%)
AKI during hospitalization 4 (37%)

Source: Results are reported as number (percentage or range).

YES (N=37)
73 [48-93] 78
23 (62%) 54
26.6 [20.1-50.2] 42
3 (62%) 40
3 (89%) 03
4 (11%) 52
3 (8%) 72
2 (32%) 27
15 [5-15] .05
1.5[0.9-10.0] 19
72.0 [23.0-275.0] 37
95.9 [41.6-575.0] 81
5 (21 %) .0007
32 (63%)
27 (73%) 21
6 (16%)
4 (11%)
19 (51%) .001
8 (22%) 63
15 (41%) 89
6 (16%) 80
14 (38%) 92

Abbreviations: AKI, acute kidney injury; AZI, azithromycin; BMI, body mass index; CAD, coronary artery disease; FiO,, fraction of inspired oxygen; HCQ,
hydroxychloroquine; GCS, glasgow coma scale; MAP, mean arterial pressure; PaO,, partial pressure of oxygen in arterial blood; SCR, serum creatinine; TOC, tocilizumab.

AKI (during vs upon admission) -~ p=0.001
MAP<70 (yes vs no) — p=0.32
HD (yes vs no) R E— p=0.17

Methylprednisolone (yes vs no) 4+ @ p=006

T 1
0.1 1.0 10.0
Qdds Ratio; 95% CI

Figure 1. Risk factors for improvement of kidney function. Age, Gender,
BMI, preexisting conditions, and other treatment factors did not show any

significant impact of improvement of kidney function.
Abbreviations: AKI, acute kidney injury; HD, Hemodialysis; MAP, mean arterial
pressure.

patients without methylprednisolone. The median survival
from hospital admission was 9 [7-17] days in patients without
methylprednisolone. Patients with methylprednisolone reached
the study endpoint in more than 50% of the cases. The impact

of high dose methylprednisolone is shown in Supplemental
Figure E1. The multivariable Cox regression for the risk factor
analysis for patient death found a trend for a slightly higher
risk to die for patients over the age of 76 as compared to the
younger 30-70-year-old patients (Figure 4). There was a trend
for patients admitted in April for a slightly decreased relative
risk of death compared to earlier admitted patients. AKI dur-
ing hospitalization and a MAP <70 were significant risk fac-
tors as well as the need for mechanical ventilation during the
hospital stay. The impact of hemodialysis during the hospital
stay did not reach significance. The use of anticoagulation and
vasopressor treatment had a positive impact on patient survival.
Methylprednisolone overall reduced the relative risk to die by
77% (P=.047). The subsequent Cox regression by methylpred-
nisolone dosage showed that the low dose methylprednisolone
group gained a reduction in the relative risk of death of 70%
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Sex (Female vs Male) @ p=0.19
AKI (during vs upon admission) L p=0.11
MAP<70 (yes vs no) — p=0.004
Mechanical Ventilation (yes vs no) —@— p=0.06
Month of Admission (March vs April) L p=0.20
Methylprednisolone (yes vs no) @ p=0.07
\ \

0.1

1.0 10.0
QOdds Ratio; 95% CI

Figure 2. Factors for improvement of ARDS. Age, BMI, preexisting conditions, and other treatment factors did not show any significant impact of ARDS

improvement.
Abbreviations: AKI, acute kidney injury; MAP, mean arterial pressure.
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Figure 3. Kaplan-Meier survival analysis for patient survival after
hospital admission for COVID-19 infection with and without
Methylprednisolone treatment.

(P=.05) while the high dose methylprednisolone group showed
a reduction in 53% (P=.30, Supplemental Table E3).

Discussion

During the first 2 months of the COVID-19 pandemic, no vali-
dated treatment protocol was available and many physicians
employed several treatment regiments. We hypothesized that IV
treatment with methylprednisolone would improve pulmonary,
renal and survival outcomes of COVID-19 AA patients. Here,
we sought to investigate first whether IV treatment of methyl-
prednisolone to COVID-19 positive AA patients exhibiting
AKI and ARDS could improve survival and reduce complica-
tions. Equally, we applied the Meduri-protocol that advocates 2
different methylprednisolone doses (1 mg/kg/day or low dose
methylprednisolone versus high dose methylprednisolone or
2mg/kg/day) administered during the course of ARDS illness
with AKI.?® We demonstrate that there is a survival advantage
for both ARDS and AKI patients administered a low dose of
methylprednisolone. The methylprednisolone group survived
51% at 21 days compared to 29% in the non-methylprednisolone
group. The use of methylprednisolone also improved the

likelihood of renal and PaO,/FiO, ratio. The PaO,/FiO, is an
integral part of the assessment of patients with ARDS and our
data suggests that there are improved ARDS outcomes in
COVID-19 patients following methylprednisolone treatment.
Use of anticoagulants, the month of treatment, and AKI during
hospitalization influenced outcomes. Therefore, the experience
gained during the first months of the COVID-19 pandemic
gave us important knowledge on how to treat patients who are
severely sick with COVID-19, ARDS, and AKI and the dosing
strategy for methylprednisolone treatment.

In critically ill COVID-19 patients, a cytokine storm, along
with unmanageable hypoxemia, can lead to multi-organ fail-
ure.” The cytokine profile with COVID-19 consists of
increased IL-2, IL-7, G-CSF, CXCL10, CCL2, CCL3, and
TNF-a,% ferritin, IL-1f, S100 proteins,?” and IL-6.28 A clini-
cal trial in the United Kingdom published their results while
our study was ongoing on the beneficial effect of using of low
dose dexamethasone treatment in reducing the 28-day mortal-
ity rate by 17%.1° The CoDEX Randomized Clinical Trial in
Brazil also recently showed that intravenous dexamethasone
reduced the number of required ventilator days for COVID-19
patients with moderate to severe ARDS.M A recent Spanish
study confirmed that the lower dose of methylprednisolone is
favorable to higher doses in COVID-19 patients and the higher
dose increased mortality in elderly patients.?? Therefore, a low
dose of methylprednisolone appears beneficial to modulate the
immune response but utilizing high doses may blunt immune
responses to dangers levels. Severe COVID-19 pneumonia
cases respond well to early administration of prolonged methyl-
prednisolone treatment by lowering hazard of death (71%) and
decreased ventilator dependence.?® Our study now further vali-
dates that the low dose IV methylprednisolone significantly
improves survival not only in COVID-19 patients, but also in
those individuals with ARDS and AKI as well. Based on our
results, we find that a low dose of methylprednisolone (1 mg/kg/
day in 2 divided doses) for 3 days followed by conversion to oral
dose if feasible or to continue the dose IV when not feasible
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Age (71-76 vs 30-70) — p=0.77
Age (77-99 vs 30-70) —— p=0.15
Month of Admission (March vs April) —— p=0.20
MAP<70 (yes vs no) ® p=0.01
AKI (during vs upon admission) - p=0.03
Mechanical Ventilation — p=0.01
Dialysis — T p=0.42
Anticoagulation @ p=0.13
Vasopressors ® p=0.14
Methylprednisolone (yes vs no) —— p=0.05
Oi1 1.0 10].0

Hazard Ratio; 95% Confidence limits

Figure 4. Risk Factor analysis for patient death. Gender, BMI, other treatment factors, and preexisting risk factors did not show any significant impact on

patient death.
Abbreviations: AKI, acute kidney injury; MAP, mean arterial pressure.

over 2-weeks does result in improvement of both ARDS and
AKI. This may be due to the regulation of the severity of the
cytokine storm. The relative risk for improvement of AKI by
the use of methylprednisolone increased by the factor 3.4, a
result that indicates to us that the consequences of modulating
cytokine storms towards quiescence helps mitigate their detri-
mental effect on many organs like the lungs and the kidney.

Previous studies on glucocorticoids and lung injury demon-
strated the immunosuppressive action of glucocorticoids at the
cellular level (17, 27). Meduri et al using an ex vivo model of
systemic inflammation reported that naive peripheral blood
leukocytes when exposed to prolonged methylprednisolone
treatment of un-resolving ARDS exhibited a progressive
increase in cytoplasmic binding of glucocorticoid receptor to
NFkB, and a concomitant reduction in NFkB DNA binding
and transcription of cytokines such as tumor necrosis factor-o
and interleukin-1f3.2%% A recent unpublished study demon-
strates that SARS-CoV-2 proteins interact with lung associ-
ated proteins more than other organs.3® The same study
demonstrates that SARS-CoV-2 interacts with multiple innate
immune pathways,! which suggests that the lung is very sus-
ceptible to SARS-CoV-2 and targeting the cytokine storm
during COVID-19 and steroid treatment may be beneficial.
AKI is more prevalent in patients with ARDS,3? but we have
observed AKI development independent of ARDS during this
pandemic. Having AKI with ARDS carries a mortality rate of
over 25%.3% However, our data on the likely benefit of admin-
istration of methylprednisolone adds to the growing body of
clinical observations of the positive impact on survival in
COVID-19 patients with ARDS and AKI.?8

Our study has limitations in that it is retrospective and
biases regarding treatment selection were observed. Renal core
biopsies were unavailable for the majority of the patients.

Pronounced ATN was observed in several samples but did not
contribute to our clinical management of the patients. Our
study, is also limited by the number of patients within our study
and only sampling from 2 months. Due to the effectiveness of
treatment and the lock down procedure in New York City, we
have not observed sufficient COVID-19 patient numbers at
our institution to expand our study. The small population size
also limits our ability to analyze the patients regarding the
length of treatment and clinical outcomes. Further, we did not
obtain any laboratory measurements of tumor necrosis factor-
o and interleukin-1p as these were considered investigational.
We have learned unequivocally that the month the patients
were presenting mattered most. Health care providers began
utilizing methylprednisolone to increase survival, ARDS, and
AKI outcomes. Whether the additive effect of introduction of
many more interventions in the month of April compared to
March; such as full dose anticoagulation, implementation of a
dedicated “Prone Team,” mucolytic protocols for endotracheal
tube (ETT) care, acted in concert to improve our outcomes
were not analyzed due to small number of patients being
exposed to such additive interventions. However, this study
demonstrated the learning curve health care providers encoun-
tered during the COVID-19 pandemic, resulting in better out-
comes in patients presenting later into the pandemic.

In conclusion, our study adds to the building literature that
low dose corticosteroids are beneficial in COVID-19 and that
its benefits stretch to improving outcomes in patients with

ARDS and AKI in our African American population.
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