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INTRODUCTION

here is still no universally accepted treatment
agent for COVID-19. Under normal conditions,

ABSTRACT

Background: Although there is still no universally accepted treatment agent,
steroids have been administered chronologically at every dose and at every stage
of the COVID-19 pandemic. Aim: We aimed to evaluate the clinical efficacy of
high-dose steroid therapy and its effect on mortality in COVID-19 patients with
severe pneumonia, severe Acute Respiratory Distress Syndrome (ARDS), and
septic shock. Patients and Methods: Patients with severe pneumonia, septic
shock, and ARDS due to COVID-19 who were followed up in the intensive care
unit were retrospectively reviewed. Results: The study population was divided
into two groups; the methylprednisolone pulse group (MP) (n = 55) and the
dexamethasone group (Dex) (n = 39). When the values before and after treatment
were compared; there was a statistically significant increase in the neutrophil/
lymphocyte ratio after treatment in the MP group (p = 0.006). Although it was
not statistically significant in the MP group, There was a numerical increase in
D-dimer levels (p = 0.28). Thromboembolic complications developed in 2 patients
in the MP group. The mortality outcomes of the groups were statistically
similar (p = 0.943). Conclusion: We recommend steroids use in the condition that
it is indicated in the critically ill group with the poor general condition. Since
there is no significant difference between high-dose pulse steroid treatment and
standard treatment doses, we think that the risk of complications should not be
taken into account and high doses should not be used.

Keyworps: ARDS, COVID-19, pneumonia, pulse steroid, septic shock, steroid
therapy

immunosuppressive with the longest history of use, are
recommended by World Health Organization (WHO)
guidelines for COVID-19 in the case of severe ARDS or

immunity in a healthy individual copes with COVID-19
infection, the replication of the virus is prevented and
the disease progresses mildly. When an appropriate and
strong immune response is not developed, the disease
progresses to the hyperinflammation phase. If the
infection cannot be controlled with appropriate immune
responses, the developing cytokine storm will be
life-threatening. Immunosuppressive treatments started to
gain importance in the pandemic after it was understood
that the hyperinflammatory process and adaptive T cell
response were dominant in determining the prognosis of
COVID-19 infection.l! Glucocorticoids, the best-known
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septic shock development. Routine use of this therapy to
reduce inflammation is not recommended.™

Many studies have been conducted on when steroids
should be used in which indications and in which
dose, and their effects on mortality, and complications
encountered.®® Based on these studies, high-dose
steroids were widely used during the pandemic and a
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very high rate of complications was also reported during
this period. Serious cardiac side effects, the elevation of
d dimer and increase in thromboembolic events, increase
in neutrophil-lymphocyte ratio, deep lymphopenias and
increase in secondary infection rates can be counted as
the main complications.[®

Considering the studies on the subject, in the COVID-19
treatment guideline prepared on April 21, 2021, clinicians
were recommended to calculate the benefit-risk in the
use of steroids. It has been suggested that suppression
of the inflammatory process will save clinicians time in
process management and prevention of multiple organ
damage, and this time should be well adjusted.!”

The use of steroids, which are recommended to be given
in the right indication, at the right timing, and at the
right dose, becomes quite complicated in the intensive
care unit. In our study, we aimed to evaluate the clinical
efficacy of high-dose steroid therapy and its effect on
mortality in COVID-19 patients with severe pneumonia,
severe ARDS, and septic shock by comparing it with
standard-dose steroid therapy.

SuBJECTS AND METHODS

Study design and participants

The study was carried out with the permission
of  Eskisehir Osmangazi University Faculty of
Medicine Non-Interventional Clinical Research Ethics
Committee (Date: 02.03.2021, Decision No: 02). All
procedures were carried out in accordance with the ethical
rules and the principles of the Declaration of Helsinki.

In this study, the medical records of patients who were
followed up in the intensive care unit of Eskisehir
City Hospital between 15.11.2020 and 15.01.2021,
who developed pneumonia, ARDS, and septic shock
secondary to COVID-19 infection, were retrospectively
reviewed. The diagnosis of COVID-19 in all patients
was confirmed by computed tomography (CT) and
polymerase chain reaction (PCR). Patients followed
in the intensive care unit for other reasons without
steroid indication, patients who died on the first day
of hospitalization, and the pediatric population were
excluded from the study. [Figure 1]

Treatment routine of patients

In Turkey, patients are treated with algorithms in
the guidelines prepared by the Ministry of Health’s
COVID-19 scientific committee and constantly revised
in light of current literature.®! In accordance with the
guideline algorithms, favipiravir, which was given as an
antiviral treatment agent for severe COVID-19 infection,
was used as standard treatment for 10 days. Patients with
severe pneumonia, ARDS, and septic shock who needed
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256 ICU patients

eTotal number of patients followed in
intensive care unit for 2 months

102 COVID-19

patients

eNumber of patients with confirmed COVID-19
infection with CT and PCR

88 patients
COVID-19 ARDS,

SEVERE s After removing the 4 patients
PNEUMONIA, who died on the first day, the
SEPTIC SHOCK

remaining patients were
included in the study

84 PATIENTS

PULSE STEROID
n:55

STANDARD
STEROID n:29

Figure 1: Inclusion/exclusion criteria

respiratory support were given 6 mg/day of dexamethasone
for 10 days. Treatment with 250 mg/day (approximately
2 mg/kg/day) methylprednisolone for 3 days and then
methylprednisolone equivalent to 6 mg dexamethasone
was continued in patients whose oxygen demand deepened
under 6 mg dexamethasone treatment. Hypoxemic
respiratory failure patients were gradually oxygenated with
nasal cannula-simple mask-reservoir mask-high flow nasal
cannula-cpap-invasive mechanical ventilation and the
patient positions were changed intermittently unless there
were contraindications (pron, right side, left side, supine,
mobilized, sits). Lung protective mechanical ventilator
strategies were applied to patients who developed ARDS.
Anti-cytokine treatments (tocilizumab and anakinra)
were given to the patients in appropriate doses in case
of an increase in the c reactive protein (CRP), white
blood cell (WBC), and Ferritin values, which were
evaluated consecutively during the course of treatment.
100 mg/day acetylsalicylic acid, 40MG: 4000 anti-Xa
IU/O.4ML enoxaparin was administered to the patients
to prevent the development of thrombotic complications
unless there is a contraindication. Dose revisions were
made according to the D-dimer levels and glomerular
filtration rate of the patients.

Data collection

The data of 84 patients included in the study were taken
from hospital laboratory records and intensive care
observation papers.

While the patients who used 6 mg dexamethasone during
their treatment constituted the standard group, the patients
who were administered methylprednisolone mini-pulse
therapy at a dose of 2 mg/kg/day (continued with a dose
of methylprednisolone equivalent to 6 mg dexamethasone
after 3 days of 250 mg IV infusion) constituted the pulse
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steroid group. Demographic characteristics, comorbidities,
laboratory parameters, oxygen needs, number of days of
stay in the intensive care unit, and mortality status of the
patients were recorded.

Statistical analysis

Data were given as “median + standart deviation”
for normally distributed continuous variables and as
“median (interquartile range)” for a variable which is not
normally distributed and as proportions for categorical
variables. The homogenity of variances was tested by
the Levene test and the distribution of data for normality
was tested by the Shapiro-Wilk test. Mann Whitney U
test was used to compare variables that are not normally
distributed and the t-test was used for normally distributed
variables. The Chi-square test was used to compare
categorical variables. P < 0.05 was considered statistically
significant. Data were analyzed using SPSS 22.0 (IBM
SPSS Ver. 20.0, IBM Corp, Armonk NY, USA).

RESULTS
Patient characteristics

The mean age of the study population was
68.14 + 12.55, and 53% (n = 45) were female. The
study population was divided into two groups; the

methylprednisolone pulse group (n = 55) and the
dexamethasone group (n = 39). The mean age of the
methylprednisolone group was 68.67 + 12.63 and
the dexamethasopne group was 67.93 + 12.61 with
no significant difference (p = 0.799). Female gender
constituted 54% of the methylprednisolone group and
51% of the dexamethasone group (p = 0.805). The
groups had similar APACHE II rates (17.81 + 8.31 for
the methylprednisolone group and 21.00 + 7.56 for the
dexamethasone group, P = 0.089). [Table 1]

The most common comorbidities of methylprednisolone and
dexamethasone groups were HT (32.7% n = 18 vs 27.5%
n = 8§, respectively, P = 0.628), respiratory disorders (29%
n =16 vs 31% n = 9, respectively, P = 0.853) and
DM (30.9% n = 17 vs 20.6% n = 6, respectively, P = 0.318),
there was no significant difference between groups.

Laboratory findings

In the group using pulse steroids, the leukocyte
count (10.81 vs 9.94, P = 0.840), the neutrophil
count (9.85 vs 8.13, P = 0914), the neutrophil/
lymphocyte ratio (12.77 vs 10.60, P = 0.696) was higher
and the lymphocyte count (0.69 vs 0.85, P = 0.682) was
lower, but the difference was not statistically significant.

Table 1: Baseline demographic and laboratory characteristics of the patients with COVID-19

Patients, no. (%) n Methylprednisolone Dexametazone 4
All (84) group (n=55) group (n=29)
Age, mean+SD, y 68.14+12.55 68,67+12.63 67.93+12.61 0.799
Gender 0.805
Male 39 25 14
Female 45 30 15
Coexisting disorders
Hypertension (n) 26 18 8 0.628
Diabetes Mellitus (7) 23 17 6 0.318
Cardiovascular disorders () 16 10 6 0.781
Respiratory disorders (1) 25 16 9 0.853
Renal disorders () 7 3 4 0.189
Laboratory parameters
Leukocytes x10°/uL 10,76 (7.02-14.99 10.81 (6.93-14.53) 9.94 (7.05-15.38) 0.840
Neutrophil x10%/pL 9.40 (6.01-12.75) 9.85(6.07-12.47) 8.13 (5.98-14.07) 0914
Lymphocyte x10%/pL 0.77 (0.46-1.20) 0.69 (0.46-1.18) 0.85 (0.42-1.25) 0.682
Neutrophil/Lymphocyte ratio 12.65 (7.42-19.57) 12.77 (8.60-19.11) 10.60 (5.69-23.12) 0.696
Haemoglobin 12.40+1.99 12.514+2.12 12.18+1.71 0.471
Platelets x10°/uL 255.88+£106.27 262.85+96.05 242.65+124.13 0.411
C-reactive protein, mg/dL 128.73+£87.78 124.68+87.23 136.29+89.85 0.569
Ferritin ng/mL 520.00 (212.50-1159.00) 505.00 (201.00-949.00) 541.50 (302.25-1995.25) 0.302
D-dimer pg/ml 1.59 (0.96-4.28) 1.31 (0.85-3.88) 2.15(1.21-6.11) 0.128
Troponin I, pg/mL 19.95 (8.60-51.30) 16.90 (8.30-51.30) 22.80 (11.57-71.00) 0.400
CK-MB 1.70 (0.90-3.80) 1.50 (0.80-2.97) 2.30 (1.60-5.20) 0.052
B-type natriuretic peptide, pg/mL 105.60 (51.20-451.70) 93.80 (51.60-289.55) 259.50 (24.60-614.00) 0.344
Creatinine, mg/dL 0.91 (0.74-1.54) 0.85(0.73-1.21) 0.98 (0.79-1.92 0.180
Glucose, mg/dL 153.00 (119.00-257.00) 186.00 (129.00-273.00) 133.00 (110.50-221.50) 0.037
APACHE 18.91+8.15 17.81+8.31 21.00+7.56 0.089
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Table 2: Clinic characteristics of the patients with COVID-19

Patients, no. Methylprednisolone group Dexametazone group P
(%) All (84) (n=55) (n=29)
Duration of intensive care stay, days 11.08+8.55 13.3648.75 6.75+6.28 0.001
Need for oxygen therapy
Nasal cannula 1.03+1.54 1.09+1.50 0.93+1.64 0.655
Reservoir mask 3.22+3.68 3.78+3.83 2.17+£3.17 0.056
High flow oxygen therapy-NIV 3.57+4.80 4.60+5.25 1.62+3.02 0.001
Invasive mechanic ventilation 3.09+5.73 3.65+6.54 2.03£3.61 0.220
Need for inotropic agents, days 1.98+3.08 2.2743.33 1.44+2.50 0.246
Mortality status 0.943
Ex 43 28 15
Discharge 41 27 14

Table 3: Laboratory parameters before and after treatment in COVID-19 patients

Laboratory parameters

Methylprednisolone group (n=)

Dexametazone group (n=)

Leukocytes x10°/uL 10.82 (6.93-14.53)
Neutrophil x10%/uL 9.85(6.07-12.47)
Lymphocyte x10*uL 0.69 (0.46-1.18)

Neutrophil/Lymphocyte ratio 12.78 (8.60-19.11)

Haemoglobin 12.2242.12 11.33+£2.11 0.002
Platelets x10°/uL 268.55+91.53 231.97+102.73 0.049
C-reactive protein, mg/dL 122.05+97.33 71.61+69.68 0.014
Ferritin

D-dimer 1.31 (0.86-3.88) 2.15 (1.0-5.99) 0.281

Troponin I, pg/mL

CK-MB

B-type natriuretic peptide, pg/mL
Creatinine, mg/dL

Glucose, mg/dL

16.90 (8.30-51.30)
1.50 (0.80-2.97)
93.8 (51.60-289.50)
0.85 (0.73-1.21)
186 (129-273)

11.43 (8.53-14.79)  0.129
9.86 (7.30-12.83)  0.052
0.60 (0.43-0.944)  0.089
16.52 (10.34-26.46)  0.006

505.00(201.00-949.00) 597.0(260.0-1414.0) 0.032 541.5(302.2-1995.2)

52.8(5.6-202.7)  0.019
1.55 (0.90-4.10)  0.435
105.1 (25.7-252.9)  0.931
0.82 (0.67-1.19)  0.244
153 (116-230.5)  0.309

9.94(7.05-15.38)  8.6(7.5-15.3)  0.191
8.13(5.98-14.07)  7.4(5.5-11.5) 0211
0.85 (0.42-1.25)  0.74 (0.42-1.11)  0.348
10.61 (5.70-23.12)  14.10(5.34-18.19) 0.256

11.71£1.41 10.99+1.81  0.082
284.46+148.62 260.33£127.06  0.454
129.23+109.89 66.49+78.04  0.046
556 (167-2080)  0.695
2.11(1.22-2.53) 0347
14.8 (6.5-3082.1) 0.310
2.8(1.75-5.5)  0.094
77.2 (62.3-5000)  0.999
1.03 (0.72-4.81)  0.115
127 (102-193)  0.551

2.15 (1.21-6.11)
22.8 (11.6-71.0)
2.3 (1.6-5.7)
259.5 (24.6-614)
0.98 (0.79-1.92
133.0 (110.5-221.5)

There was no significant difference between the groups
in terms of Trop I, CK MB, and BNP values. The
difference between the groups in terms of glucose value
is significant, and it was higher in pulse steroid use. (186
vs 133, P < 0.03).

Considering the duration of intensive care stay,
it was observed that this duration was longer in
the pulse steroid group and it was statistically
significant. (13.36 + 8.75 for the pulse steroid group vs
6.75 + 6.28 for the dexamethasone group, P < 0.01).
When the number of high-flow oxygen therapy
support days was considered, it was observed that it
was longer in the pulse group and it was statistically
significant. (4.60 £ 5.25 vs 1.62 + 3.02, P < 0.01).
From the methylprednisolone group, 50.9% (n = 28)
of the patients died and 51.7% (n = 15) of the
dexamethasone group died during intensive care
stay and the difference was not statistically
significant (n = 0.943). [Table 2]

Before and after treatment findings

When the values before and after treatment were
compared; there was a statistically significant increase
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in the neutrophil/lymphocyte ratio after treatment in the
pulse steroid group (p = 0.006). Although it was not
statistically significant in the pulse steroid group, there
was a numerical increase in D-dimer levels (p = 0.28).
Thromboembolic recorded in
2 patients in the pulse steroid group. There was a
significant decrease in hemoglobin values (p = 0.049)
and platelet values (p = 0.049) in this group. Considering

complications were

the inflammatory parameters, a significant decrease was
observed in the CRP (p = 0.01) and ferritin (p = 0.03)
levels after treatment in the pulse steroid group, while
only the decrease in the CRP (p = 0.04) values was
found to be significant in the dexamethasone group.
While there was no significant difference between the
groups in terms of cardiac markers at the beginning,
a significant increase in cardiac troponin-I levels was
observed in the pulse steroid group compared to the
pre-treatment value after treatment (p < 0.01). CK
MB and BNP values were higher in the pulse steroid
group although the difference was not statistically

significant [Table 3].
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DISCUSSION

Our study is a clinical study emphasizing the clinical
importance of the appropriate period, appropriate patient,
and appropriate dosage. This study evaluates the efficacy
of standard-dose steroid therapy and relatively high-dose
mini-pulse steroid therapy in the follow-up of patients
with severe COVID-19 infection in the intensive care
unit, changes in clinical symptoms, laboratory findings,
and complications. The results of the study emphasize
once again that steroids should not be given routinely
but should be given to patients only during periods of
severe pneumonia, ARDS, and septic shock, and that
they should be started at standard doses during periods
of administration. In our study, it was observed that even
the mini-pulse doses, which we call relatively high, did
not significantly contribute to the mortality and recovery
rate, but increased the complication rate.

Steroids have been used in the treatment of Severe
Acute Respiratory Syndrome (SARS) and Middle
East Respiratory Syndrome (MERS) outbreaks before,
and steroid use has been found to be associated with
delayed viral clearance.”!”’ A meta-analysis conducted
by Russell et al. stated that corticosteroid use during
past epidemics was associated with a delay in viral
clearance from the systemic circulation and respiratory
system, and they may cause many side effects such
as corticosteroid-induced diabetes. Based on these
studies; in the early stages of the COVID-19 epidemic,
its use was not recommended because it increased
complications and mortality.!'

The importance of using corticosteroids in COVID-19
infection is largely based on data from The Randomized
Evaluation of COVID-19 Therapy (RECOVERY
collaborative group). In this multicenter, randomized
study including 176 hospitals in England, all hospitalized
patients were randomized at a rate of 2, and only one
group was given 6 mg dexamethasone for 10 days.
Compared to the control group, the dexamathasone
group was superior in 28-day mortality. Although there
were no significant results in hospitalized patients with
minimal oxygen demand, significant results were found
in decreasing oxygen demand in patients with high
oxygen demand and requiring invasive mechanical
ventilation.?!

In the CAPE TRIAL GROUP INVESTIGATOR study,
the hydrocortisone group was associated with better
results than the placebo group.’! In the REMAP-CAP
study, patients with COVID-19 septic shock were
evaluated and the patients receiving hydrocortisone
treatment had better results in terms of the number of
days without organ support for 21 days.[ After these

large-scale studies, steroids began to be widely used
during the pandemic all over the world.

In the later stages of the pandemic, as the pathogenesis
of the disease was understood, the use of higher doses of
steroids to suppress hyperinflammation came to the fore.
It has been recommended to use high doses of steroids
in moderate and severe ARDS requiring intensive
care admission, patients with constantly increasing
oxygen demand, and requiring invasive mechanical
ventilation.!'?! It has been shown that methylprednisolone
use in high doses reduces mortality and shortens hospital
stay in severe and progressive ARDS.[%]

In a large-scale randomized controlled study conducted
in 41 centers in Brazil, high-dose and low-dose
dexamethasone groups were compared, and a significant
difference was found in the number of days of survival
and days of mechanical ventilation in the first 28 days
in the high-dose group. No significant difference was
observed in steroid-related side effects and mortality
rates of the groups.!'*!

In a meta-analysis of all steroid studies in the midst
of the pandemic, Sterne et al. concluded that the
contribution of steroids to clinical improvement is large
and effective.!'s!

Mareev et al. (WAYFARER Study) compared
1000 mg methylprednisolone pulse given for 3 days
and 6 mg dexamethasone given for 3 days, and
they recorded a decrease in dyspnea, an increase
in sp02, and a decrease in CRP in the pulse steroid
group. However, when complications were examined,
they found a significant increase in D-dimer.
Thromboembolic complications were observed in
4 patients and pulmonary embolism was detected in
2 patients.! In our patients, there was a significant
decrease in CRP and Ferritin in the mini pulse group,
and a numerical increase in d-dimer, although it was
not statistically significant. Again, thromboembolic
complications developed in 2 people in the pulse
group. Steroid therapy can potentially reduce the
efficacy of prophylactic therapy with low molecular
weight heparin (LMWH) due to the increased risk
of thrombosis. Doses and efficacy of anticoagulation
prophylaxis should be checked more frequently when
high doses are used in steroid use.[®

It is obvious that the use of high-dose steroids increases
the leukocyte and neutrophil counts and deepens
lymphopenia and significantly increases the neutrophil/
lymphocyte ratio, which significantly reflects the severity
of secondary chronic inflammation. These changes
appear in the form of an increased risk of developing
secondary infections. In our study, the neutrophil/
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lymphocyte ratio was found to be statistically high in
the pulse steroid group in parallel with the literature.!'s!

Another list of complications mainly caused by
high-dose steroids can be listed as an increase in insulin
resistance and secondary glucose metabolism disorders,
an increase in the risk of cardiovascular disease, and
secondary bacterial infections.'” In our study, glucose
levels in the mini-pulse steroid group were found to
be statistically significantly higher than in the standard
dose group. (186 vs 133, P < 0.03). Also, there was no
significant difference between the groups in terms of
cardiac markers at the beginning, a significant increase
in cardiac troponin I was observed in the mini pulse
group after treatment. The development of refractory
hypertension, cardiomyopathy, and ischemic heart disease
due to water and salt retention has been reported during
high-dose steroid therapy. It has also been suggested
that changes in myocardial calcium metabolism may
induce arrhythmias after steroid therapy.'! A study
investigating the acute cardiac effects of high-dose
steroids showed that left ventricular global longitudinal
strain and ejection fraction were significantly increased
in patients who underwent echocardiography in the
acute period after steroid administration. Therefore,
they recommended close cardiac monitoring for patients
receiving high-dose steroid therapy.!'”!

We treat patients according to the guidelines prepared
and constantly updated by the Coronavirus Scientific
Committee of the Ministry of Health.®! And with the
recommendation of the ministry’s guide, we started
standard dose steroid treatment for our patients with
the necessary indications. We increased the steroid dose
in case of increased oxygen demand during follow-up.
Therefore, patients in the standard dose group either
recovered in a very short time without the need for
high-dose steroid treatment or died before they could
switch to high-dose steroid treatment. Therefore, in
our study, the number of intensive care unit stays and
high-flow nasal therapy support days were statistically
higher in the group given high-dose steroids. Lopez
et al. compared the use of methylprednisolone at doses
of 0.5 mg/kg with relatively high doses of 1.5 mg/kg and
found a 14% decrease in mortality.l'”” However, when
we looked at the mortality rate in our study, we could
not see a statistically significant difference in mortality
rates in the high-dose group.

Although using high doses of steroids can suppress
inflammation and alleviate the infection, the fact that it
increases the risk of complications so much makes us
clinicians ask the question of when we should take this
risk. Should we give steroids in the period when the
hyperinflammatory response is most dominant or should

Nigerian Journal of Clinical Practice | Volume 26 | Issue 3 | March 2023

we give them early as soon as the diagnosis is made?.
In a multicenter study conducted in Iran, only patients
with very low saturation, high inflammatory markers,
and poor general condition were included in the study.
In this study, 250 mg/day methylprednisolone was given
to this patient group for 3 days and compared with the
standard care group. The recovery rate was significantly
higher and the mortality rate was significantly lower in
the mini-pulse group.l"! In the study of Bahl et al., they
investigated the optimal administration time of steroids
and found that starting before 72 hours significantly
increased mortality.?” In light of these studies
emphasizing that steroid treatment should not be given in
the early period, we did not routinely administer steroids
to any of our patients in the early period. Steroids were
given only to patients who developed severe pneumonia,
ARDS, and septic shock during their intensive care
follow-up, and low doses were started routinely. In the
patient population who did not respond to treatment
with a low-dose steroid (6 mg dexamethasone), 2 mg/kg
methylprednisolone was given to increase the steroid
to relatively high doses. No significant difference was
found in terms of mortality in patients with high doses.

CONCLUSION

The effect of steroid use on viral clearance in COVID-19
infection, especially in the early period of the disease, is
not clear and we do not recommend it routinely, but we
recommend its use in the condition that it is indicated in
the critically ill group with the poor general condition.
Since there is no significant difference between
high-dose pulse steroid treatment and standard treatment
doses, we think that the risk of complications should not
be taken into account and high doses should not be used.

Limitation of the study

The limitations of the study can be listed as the
retrospective nature of the study and the small number
of patients.
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