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A B S T R A C T   

Background: Cardiopulmonary resuscitation (CPR) involves organized procedures performed on patients with 
cardiac arrest. CPR method and techniques can determine neurological outcomes of the patients. The aim of this 
study is to investigate the effect of epinephrine in combination with methylprednisolone on neurological com
plications and the need for vasopressor after resuscitation in patients with cardiac and respiratory arrest. 
Methods: In this randomized control clinical trial, patients referred to (XXX) who suffered from cardiac arrest and 
required CPR were included. Patients were divided into two groups; intervention (methylprednisolone +
epinephrine) and placebo (epinephrine + placebo). Patients’ information was completed in a questionnaire 
based on demographic information, main objectives and important variables (neurological complication and the 
need for vasopressor) and SPSSv21 was used for statistical analysis. 
Results: A total of 347 patients were included in the study. The intervention and control group were not 
significantly different in terms of gender, age systolic and diastolic blood pressure, p > 0.05. CPC scores were 
also not significantly different among the two groups, p > 0.05.131 patients (37.8%) needed vasopressor after 
the intervention and 216 patients (62.2%) did not need vasopressor. The two groups were significantly different 
in terms of intervention (P = 0.021). 
Conclusion: Glucocorticoid, methylprednisolone does not reduce the risk of neurological complications following 
CPR in cardiac arrest patients.   

1. Introduction 

Cardiac arrest is referred to a condition where heart function ceases 
resulting in loss of breath and consciousness [1,2]. Cardiopulmonary 
resuscitation (CPR) is performed to reverse cardiac arrest [3]. Approx
imately, 55.3 million individuals are reported to emergency department 
with cardiac arrest worldwide [4]. 

Neurological complication are commonly reported after cardiopul
monary arrest and its prevalence in various studies have been reported 
between 30 and 60%, which can cause changes in memory or psycho
motor function that impair recovery, decrease quality of life and delayed 
return to normal routine [5]. Brain damage from cardiopulmonary 

arrest manifests itself in a wide range of disorders, including stroke, 
encephalopathy, and cognitive impairment. The most common mani
festation of brain injury is stroke, which affects 1–3% of patients after 
cardiopulmonary arrest [6], but cognitive impairment is the most 
common neurological disorder in 65–30% of patients in the first month 
20–45% of patients are seen after the fifth month [7,8]. 

Numerous studies have shown that adrenal insufficiency and high 
levels of plasma adrenocorticotropic hormone and antidiuretic hormone 
cause shock and increased mortality in patients, and therefore adrenal 
insufficiency in patients with return of spontaneous circulation (ROSC) 
following cardiac arrest will cause poor outcomes [9,10]. Treatment of 
adrenal insufficiency with corticosteroids, can reduce mortality and 

Abbreviations: CPR, Cardiopulmonary resuscitation; ROSC, return of spontaneous circulation. 
☆ The study was approved by the Ethics Committee and the Vice Chancellor for Research of Kermanshah University of Medical Sciences 

(IRCT20130812014333N127). 
* Corresponding author. 

E-mail address: md.sh.tabrizi@gmail.com (S. Tabrizi).  

Contents lists available at ScienceDirect 

Annals of Medicine and Surgery 

journal homepage: www.elsevier.com/locate/amsu 

https://doi.org/10.1016/j.amsu.2022.103832 
Received 10 April 2022; Received in revised form 16 May 2022; Accepted 17 May 2022   

mailto:md.sh.tabrizi@gmail.com
www.sciencedirect.com/science/journal/20490801
https://www.elsevier.com/locate/amsu
https://doi.org/10.1016/j.amsu.2022.103832
https://doi.org/10.1016/j.amsu.2022.103832
https://doi.org/10.1016/j.amsu.2022.103832
http://crossmark.crossref.org/dialog/?doi=10.1016/j.amsu.2022.103832&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Annals of Medicine and Surgery 78 (2022) 103832

2

dysfunction of vital organs and improves neurological complications 
[11–13]. In cardiac arrest, cortisol levels decrease during and after 
resuscitation, and studies have shown that ROSC and the prognosis of 
patients improves with combinational use of steroid and epinephrine in 
CPR [14,15]. 

2. Methods 

In this randomized control clinical trial, patients referred to (XXX) 
from January 2020–December 2020 with respiratory arrest and need 
cardiopulmonary resuscitation were enrolled. The study was approved 
by the Ethics Committee and the Vice Chancellor for Research of (XXX). 
Inclusion criteria: All patients over 18 years of age who did not have a 
previous neurological problem and their next-to-kin consented to 
participate in the study. Exclusion criteria was patients under 18 years of 
age, with out-of-hospital cardiac arrest, those with neurological prob
lems before resuscitation that interfered with CPC score after resusci
tation, patients who could not be injected with resuscitation drug due to 
lack of peripheral blood vessels. There were no patients who did not 
have successful resuscitation or had cardiac arrest again 20 min after 
successful resuscitation. 

According to the formula, the minimum sample size with 95% con
fidence and 80% power, also based on the percentage of CPC percentage 
of 13.9% vs 5.1%, the minimum sample size in each group was estimated 
171 people. In order to increase the accuracy of the study, 171 samples 
were included in the intervention group treated with methylpredniso
lone and 176 samples in the placebo group. Finally, a total of 347 pa
tients with cardiac arrest were included in the study. 

n=

(
z
(
1 − a

2

)
+ z(1 − β)

)2
((p1 x q1) + (p2 x q2)

)

(p2 − p1)2 

Patients were randomly divided into two groups of intervention and 
placebo based on a table of random numbers. For both groups, resus
citation was performed according to the AHA protocol chest compres
sions, shock and administration of epinephrine and antiarrhythmic if 
indicated. 

Patients in both groups received epinephrine at a dose of 1 mg per 
CPR cycle, lasting approximately 3 min per cycle. For the intervention 
group, during the first cycle of resuscitation or during the second in
jection of epinephrine (3–5 min later), 125 mg of methylprednisolone 
was also injected intravenously, and in the placebo group, saline was 
injected as a placebo and resuscitation was continued. Methylprednis
olone and saline were prepared in similar syringes and the clinician 
administered the injection only according to the specified code 
(blinded). 

In addition to the special experts of this study (clinical experts), 
physicians, nurses, laboratory staff and those in charge of pharmaceu
tical affairs were trained. For this purpose, a special design manual was 
written and distributed. Training sessions and exchange of views were 
held with different groups before the commencement of the research. 

Demographic information, history of previous illness, heart rate, the 
need for shock, and vital signs after resuscitation were recorded for all 
patients. During the first 24 h after resuscitation of neurological com
plications and blood pressure, patients were examined for CPC score 
(Cerebral performance category). 

CPC score was defined as. 

CPC 1: complete recovery or mild disability. 
CPC 2: Conscious with moderate disability (conscious and not 
dependent on daily activities but with disorders such as paresis- 
seizures and cognitive impairments). 
CPC 3: Severe dysfunction CPC 4: Coma or persistent vegetative state 
CPC 5: Death. 

The score were evaluated three times and the most frequent one was 

selected to reduce inter-rater differences. 

2.1. Data analysis 

The data was analyzed using SPSSv22. Descriptive statistics indices 
in the form of frequency and mean and standard deviation were used to 
present the data. The normality of data distribution was assessed using 
Kolmogorov-Smirnov test. T-test was used to evaluate the differences 
between quantitative variables in the presence of normal data distri
bution and Mann-Whitney-U statistical test was used in case of non- 
normal distribution. The relationship between qualitative variables 
was evaluated using chi-square and Fisher’s exact test. P value less than 
0.05 was considered statistically significant. 

The design was approved by the Ethics Committee of (XXX). 
The work has been reported in line with the CONSORT criteria [16]. 
Unique identifying number (UIN) of your study. 6905. 

3. Results 

347 patients were included in the study with 171 in intervention and 
176 in placebo group. The mean age of the patients included in the study 
was 67.57 ± 17.87 years. To evaluate the normality of age data in the 
study population, Kolmogorov-Smirnov test was used. The test results 
showed that the age of the patients did not follow the normal distribu
tion (P = 0.036). However, there was no statistically significant differ
ence in the two groups in terms of age (P = 0.255), so the two groups 
were age-matched. 

The results of the present study showed that, in the total population 
of the studied patients, 118 (34%) were female and 229 (66%) were 
male. There was no statistically significant difference in terms of gender 
between the intervention and placebo groups (P = 0.163). 

A total of 288 (83%) patients had asystole rhythm (83%), 39 patients 
(11.2%) had PEA rhythm (pulse free electrical activity), 12 patients 
(3.5%) VT rhythm and 8 patients (2.3%) had VF rhythm. The two groups 
have a similar trend in terms of rhythm during resuscitation. In the 
placebo group 4 patients had successful asystole rhythm and resuscita
tion, also 4 patients had VT rhythm and successful resuscitation. In the 
intervention group 6 patients had successful resuscitation, all of which 
had an asystole rhythm (Table 1). 

The mean systolic blood pressure in the study population was 74.50 
± 10.17 mmHg. The results of Kolmogorov-Smirnov test showed that 
systolic blood pressure data did not follow the normal distribution after 
resuscitation (P < 0.001). The two groups did not have a statistically 
significant difference (P = 0.337) in systolic blood pressure after 
resuscitation. 

The results showed that the mean diastolic blood pressure in the 
study population was 47.32 ± 7.19 mmHg. The results of Kolmogorov- 
Smirnov test showed that diastolic blood pressure data did not follow 
the normal distribution after resuscitation (P < 0.001). 

The two groups did not differ significantly in terms of diastolic 
pressure (P = 0.133). 

The results showed that, in total 318 deaths (91.6%) CPC 5 were 
reported, 9 cases were of severe dysfunction CPC 4, CPC 3 (2.6%), 6 
cases of coma (1.7%), 7 (2%) cases of CPC 2, moderate dysfunction (2%) 
and 7 cases of normal brain function (2%), CPC 1 were observed. 

Table 1 
Frequency and percentage of rhythm frequency during resuscitation in two 
groups of intervention and placebo.  

Rhythm during 
resuscitation 

intervention (Epinephrine +
methylprednisolone)% 

placebo (Epinephrine 
+ placebo)% 

Asystole 145 (84.8%) 143 (81.2%) 
VT 3 (1.8%) 9 (5.1%) 
VF 4 (2.3%) 4 (2.3%) 
PEA 19 (11.1%) 20 (11.4%) 
Total 171 (100%) 176 (100%)  
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The two groups did not differ significantly in terms of CPC score, 
Table 2 A total of 7 patients had normal life after resuscitation, of which 
2.3% were in the intervention group and 1.7% in the placebo group. 

The mean age of patients with successful CPR was 58.5 ± 14.31 years 
and in the failed CPR group was 70.4 ± 17.9 years (Table 3), which was 
significantly different (P < 0.001). 

In total, 131 patients (37.8%) needed vasopressor after the inter
vention. The results of Chi-square test showed that the two groups were 
statistically different in terms of need for vasopressor (P = 0.021), 
Table 4. 

4. Discussion 

The aim of this study was to compare the effect of epinephrine in 
combination with methylprednisolone on neurological complications 
and the need for vasopressor after resuscitation in 347 patients with 
cardiopulmonary arrest over 18 years of age. 

A 2011 study by Jaber et al. reported the success rate of in-hospital 
cardiopulmonary resuscitation. In this study, the success rate of resus
citation in patients with VT and VF rhythms was higher than other 
rhythms, including PEA during cardiac arrest [17]. 

Methylprednisolone is a moderately active glucocorticoid and, like 
other drugs, has side effects including increased blood pressure. In the 
present study, the effect of epinephrine in combination with methyl
prednisolone in patients with cardiac arrest on systolic and diastolic 
blood pressure and the need for vasopressor during 24 h after resusci
tation was not significantly different to placebo group. Slightly high- 
dose epinephrine rarely increases spontaneous return of blood flow 
and increases the chances of early survival. In several clinical trials in 
more than 9000 patients with cardiac arrest, high-dose epinephrine 
showed no improvement in survival, discharge or improvement in 
neurological results compared to standard doses. In the present study, 
epinephrine as a placebo group was evaluated and compared [18]. 

Based on the results of CPC score in the present study, 318 deaths 
(91.6%), 9 severe dysfunction (2.6%), 6 coma (1.7%), 7 moderate 
dysfunction (2%) and 7 cases of good brain function (2%) were 
observed, and no significant difference in CPC score was observed 
among patients in the two groups, indicating that the addition of 
methylprednisolone had no significant effect on patients’ CPC score. No, 
a total of 7 patients had normal life after resuscitation, of which 2.3% 
were in the intervention group and 1.7% in the placebo group. Consis
tent with our findings, in the study of Haji Bagheri et al. [19]. and in the 
study of Dolatabadi et al. [20] conducted in Iran, the mortality rate after 
resuscitation was more than 90% and the rate of hospital discharge was 
less than 7% is reported. Zandbergon EG et al., reported that the dif
ference in success rates for CPR at home and hospital, with many pa
tients receiving BLS (basic life support) before entering the hospital, 
leading to an increase in success and reduction in complications [21]. 

In many studies, the simultaneous effect of epinephrine and several 

drugs for reduction in neurological complications and the need for 
vasopressor has been considered. In a study by Torabi et al. comparison 
with epinephrine and vasopressin showed that, it was concluded that, 
due to reduced incidence of tachycardia in patients receiving vaso
pressin, vasopressin may in certain conditions, such as in combination 
with other drugs improve asystole rhythm [22]. 

Mentzelopoulos et al. [23] investigated the effects of the combina
tion of vasopressin, epinephrine and methylprednisolone (n = 130) with 
the epinephrine and placebo group (n = 138). Intervention group 
showed greater rate for return of spontaneous circulation (83.9%), 
compared to control (65.9%) along with more survival to hospital 
discharge rate (13.9 vs 5.1). However, the rate of adverse events were 
not different in the two groups. In 2018, a study by Belletti A et al. re
ported that the combination of adrenaline, vasopressin and methyl
prednisolone was not associated with reduced neurological 
complications [24]. Similarly, Bolvardi et al. conducted a clinical trial to 
evaluate the effects of prednisolone on neurological complication in 
patients with cardiopulmonary arrest. The study evaluated CPC score 
following 24 h of the treatment. Findings of the study concluded that the 
rate of successful CPR and CPC score were not significantly different in 
the prednisolone and placebo groups. The findings are parallel with 
those reported from our study. However, 48-h effect of the treatment can 
give better findings, since it can take more than 48 h for brain edema to 
resolve, which might require multiple doses of the drugs. S 

In the present study, the combination of methylprednisolone and 
epinephrine did not cause any neurological complications compared to 
epinephrine and placebo. However, in the total number of patients 
studied, the need of vasopressor was significantly more in intervention 
group (epinephrine + methylprednisolone). Mentzelopoulos et al. [25], 
investigated effect of methylprednisolone in 100 patients with cardiac 
arrest who needed resuscitation. Post-resuscitation vasopressin 
epinephrine and methylprednisolone improved survival, hemody
namics, and oxygen saturation and organ-failure free days. 

The ideal result of a resuscitation operation is one hundred percent 
return of the patient to life. However, there are several factors involved 
in the success or failure of this such as underlying diseases, the length of 
cardiac arrest until the start of resuscitation, the availability of trained 
staff, and pharmacological and non-pharmacological method employed. 

Some of the limitations of our study include lack of data regarding 
baseline hormone levels, myocardial functioning after arrest and 1-year 
follow up data and sample size. Our study doesn’t long term neurologic 
outcomes in these patients, which has been recommended based on 
recent guidelines [26]. Future studies including these variables and 
additional role of vasopressin are therefore, required in this field. 

One of the major challenges during the study was getting enough 
staff who could perform CPR based on standard protocols and is expe
rienced. For this, we recruited trained medical staff with at least 3 years 

Table 2 
Frequency and percentage of CPC Score in two groups of intervention and 
placebo.  

CPC score intervention (Epinephrine +
methylprednisolone)% 

placebo (Epinephrine 
+ placebo)% 

Death (score =
5) 

157 (91.8%) 161 (91.5%) 

Coma (score =
4) 

3 (1.8%) 3 (1.7%) 

severe 
dysfunction 

5 (2.9%) 4 (2.3%) 

moderate 
dysfunction 

2 (1.2%) 5 (2.8%) 

normal brain 
function 

4 (2.3%) 3 (1.7%) 

8 cells (80.0%) have expected count less than 5. The minimum expected count is 
2.96. 

Table 3 
Percentage of success in CPR based on CPC Score in the intervention and placebo 
groups.  

CPC score intervention (Epinephrine +
methylprednisolone) % 

placebo (Epinephrine +
placebo) % 

successful 6 (3.5%) 8 (4.54%) 
Failed 165 (96.5%) 168 (94.45%)  

Table 4 
Frequency and percentage of need for vasopressor in two groups of intervention 
and placebo.  

needed 
vasopressor 

intervention (Epinephrine +
methylprednisolone) % 

placebo 
(Epinephrine +
placebo) % 

p- 
value 

Yes 75 (43.9%) 56 (31.8%) 0.021 
No 96 (56.1%) 120 (68.2%)  
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of experience at our center and the protocols and procedures of the study 
was briefed to them. Students and internees were not utilized to perform 
any medical procedure, in order to avoid discrepancies in the data. 

5. Conclusion 

The findings of our study indicated that the addition of glucocorti
coid for CPR doesn’t not alter neurological complication among cardiac 
arrest patients. The need of vasopressor was significantly more in 
intervention group. 
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