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Does methylprednisolone show benefits in patients  
undergoing cardiopulmonary bypass? A meta-analysis
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Abstract: Many trials reported methylprednisolone in patients undergoing cardiopulmonary bypass. The use of meth-
ylprednisolone in cardiopulmonary bypass is controversial. The aim is to solve controversial problem and summarize 
clinical benefit of methylprednisolone in patients undergoing cardiopulmonary bypass. The randomized controlled 
trials were searched from PubMed, EMBASE, Cochrane Central Register of Controlled Trials, and Web of Science 
without date or language restrictions (last search was updated on March, 2016). We used the method which was 
recommended by the Cochrane Collaboration to perform a meta-analysis of randomized controlled trials. The re-
sults of meta-analyses showed that there were no statistical differences in mortality [OR, 0.86, 95% CI (0.69-1.04), 
I2 = 0%, P = 0. 68] and infection [OR, 0.93, 95% CI (0.82-1.07), I2 = 0%, P = 0.88] and between methylprednisolone 
group and placebo group. In conclusion, the present restricted evidence indicates that methylprednisolone show no 
beneficial impact of patients undergoing cardiopulmonary bypass. Well-design multicenter randomized controlled 
trials are required to prove this conclusion.
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Introduction

Cardiopulmonary bypass (CPB), exposing outer 
surfaces of the body as well as non physiologic 
blood flow, is apply to most procedures. A  
systemic inflammatory response syndrome is 
initiated by CPB, which is related to adverse 
clinical outcomes [1-3]. Inflammatory respons-
es contain the activation of platelets, neutro-
phils, monocytes, macrophages, and a cascade 
of activation (coagulation, fibrinolytic, and the 
release of the peptide), leading to the increas- 
ed permeability of endothelial cells as well as 
blood vessels and parenchyma damage [1, 
4-9]. This kind of inflammation may cause post-
operative complications which includes heart 
failure as well as multiple organ function 
failure.

A review showed that steroids treatment in 
patients undergoing CPB are safe and show 
benefits in postoperative hemodynamics, venti-
lation, and atrial arrhythmias [10]. In addition, a 
meta-analysis showed that perioperative ste-
roid therapy may reduce postoperative bleed-
ing as well as curtail the duration of ICU and 
hospital stay [11]. Another meta-analysis sug-

gests that low-dose corticosteroid and high-
dose corticosteroid are contributed equally to 
decrease the risk of atrial fibrillation but they 
have fewer potential fewer adverse effects in 
adult cardiac surgery [12]. However, there is no 
any current systematic review or meta-analysis 
which only summarizes clinical benefit of meth-
ylprednisolone use in patients undergoing CPB. 
Clinical benefit of methylprednisolone use dur-
ing CPB is still unclear and surgeons are afraid 
of some potential adverse effects associated 
with methylprednisolone use. Does methylpred-
nisolone show benefits in patients undergoing 
cardiopulmonary bypass? It is still a controver-
sial problem.

In order to provide surgeons or patients with 
systematic, comprehensive, synthesised and 
disseminated information, we did a meta-analy-
sis to summarize clinical benefit of methylpred-
nisolone use during CPB.

Material and methods

Publication search

Our systematic review followed the PRISMA 
guidelines [13]. The authors searched the 
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PubMed, EMBASE, Cochrane Central Register 
of Controlled Trials (CENTRAL) and Web of 
Science databases for relevant articles with- 
out date or language restrictions (last search 
was updated on March, 2016). Search terms 
were as follows: “Heart-Lung Bypass”, “Bypass, 
Heart-Lung”, “Bypasses, Heart-Lung”, “Heart 
Lung Bypass”, “Heart-Lung Bypasses”, “Bypass, 
Cardiopulmonary”, “Bypasses, Cardiopulmon- 
ary”, “Cardiopulmonary Bypasses”, “Metipred”, 
“6-Methylprednisolone”, “6 Methylpredniso- 
lone”, “Urbason” and “Medrol”. The searches 
were confined to human subjects and random-
ized controlled trials. Besides, we searched 
other potential eligible trials by checking the 
reference lists of identified studies and relevant 
reviews. We did this process until no additional 
trials could be identified. The inclusion criteria 
of this meta-analysis is as follows: (1) partici-

pants undergoing cardiopulmonary bypass; (2) 
patients were randomized grouped into me- 
thylprednisolone group (without other drugs) 
and placebo group (with or without placebo); (3) 
not less than one outcome (mortality, infec-
tion); (4) randomized controlled trials. The fol-
lowing studies were also excluded: (1) studies 
were retrospective studies, observational stud-
ies, case series, reviews and comments; (2) 
studies’ control group with other interventions.

Data extraction

Two authors independently extracted the fol-
lowing data, including of characteristics of pub-
lication year, duration, setting and design, sam-
ple size, patient characteristics, methylpred-
nisolone group (dose or follow up time), placebo 
group (dose or follow up time), measured out-

Figure 1. Flow diagram of included studies.
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comes (mortality, infection). The investigators 
made contact with the corresponding authors 
to acquire and verify the data when studies had 
insufficient information. We would solve any 
disagreements by discussion. 

Quality assessment

The authors assessed the risk of bias using the 
Cochrane risk of bias tool, including seven 
items: random sequence generation (selection 
bias), allocation concealment (selection bias), 
blinding of participants and personnel (perfor-
mance bias), blinding of outcome assessment 
(detection bias), incomplete outcome data 
(attrition bias), selective reporting (reporting 
bias) and other bias [14]. All disagreements of 
this process were solved by discussion.

Statistical analysis

The statistical analysis was performed by 
Review Manager 5.3 (The Nordic Cochrane 
Centre) and Stata13.0. The weighted mean dif-
ference (WMD) was used to compare continu-
ous variables; odds ratio (OR) was used to com-
pare dichotomous variables. The results of 
meta-analysis were reported with 95% confi-
dence intervals (CIs). The impact of study het-
erogeneity on the results of the meta-analysis 
was assessed by I-square (I2) test. The random 
effect models were used when significant het-
erogeneity was present at I2>50%; otherwise, 
the fixed effect models were selected [14]. The 

sensitivity analyses were performed by deleting 
each study individually to assess the quality 
and consistency of the results. Both Egger’s 
test and Begg’s test were used to examine pub-
lication bias.

Results

There were a total of 391 studies were identi-
fied by the initial database search. One hun-
dred and seventy-four duplicate studies were 
excluded, and 144 studies were excluded on 
the basis of the titles and abstracts. There were 
30 of full-text articles assessed for eligibility. 
Finally, a total of 7 randomized controlled trials 
[15-21] were included in quantitative synthesis 
(meta-analysis). The selection process of this 
meta-analysis is shown in Figure 1. The charac-
teristics of the extracted data from each study 
are summarized in Table 1. The risk of bias of 7 
studies is shown in Figure 2. The risk of bias 
summary is shown in Figure 3. There are two 
high quality trials. The quality of 5 trails is 
moderate. 

Five trials [15, 16, 19-21] reported the mor- 
tality of patients. The result of meta-analysis 
showed that there were no statistical differ- 
ences in mortality [OR, 0.86, 95% CI (0.69-
1.04), I2 = 0%, P = 0. 68] (Figure 4) between 
methylprednisolone group and placebo group. 
Moreover, only three trials [17, 18, 21] reported 
numbers of infection. The result of meta-analy-
sis showed that there were no statistical differ-

Table 1. Characteristic of included studies

Study (year) N (M/P) Age Sex (female/male) Intervention Follow 
up

Rao 1997 150 (75/75) NR NR M: methylprednisolone (1 g) NR

P: not receive methylprednisolone

Coetzer 1996 295 (165/130) 18-45 years NR M: methylprednisolone (30 mg/kg) NR 

P: not receive methylprednisolone

Schurr 2001 50 (24/26) M: 64 (mean year) M: 3/21, P: 4/22 M: methylprednisolone (10 mg/kg) NR 

P: 60.8 (mean year) P: not receive Methylprednisolone

Demir 2009 30 (15/15) M: 61.66 (mean year) M: 7/8, P: 3/12 M: methylprednisolone (1 g) NR 

P: 61.66 (mean year) P: not receive methylprednisolone

Keski-Nisula 2013 40 (20/20) Age ≤ 28 days NR M: methylprednisolone (30 mg/kg) NR 

P: saline (30 mg/kg)

Lomivorotov 2013 44 (22/22) M: 57.8 (mean year) M: 6/16, P: 1/21 M: methylprednisolone (20 mg/kg) NR 

P: 57.3 (mean year) M: 1498/2257, P: 1472/2280 P: 20 mL of 0.9% Nacl

Whitlock 2015 7505 (3755/3752) M: 67.5 M: methylprednisolone (500 mg) NR

P: 67.3 P: placebo (500 mg)
Notes: M: methylprednisolone therapy group, P: placebo therapy group; NR: not report.
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Figure 2. Risk of bias graph.

Figure 3. Risk of bias summary.

ences in infection [OR, 0.93, 
95% CI (0.82-1.07), I2 = 0%, P 
= 0.88] (Figure 5). The ran- 
dom effect models were cho-
sen because of I2 = 0%, which 
showed homogeneity among 
studies. Sensitivity analysis 
indicated that there was no an 
individual study affected the 
aggregate result. This meta-
analysis only included seven 
studies, and Egger’s test and 
Begg’s test were difficult to 
exam publication bias in such 
a small number studies. Thus, 
we did not exam publication 
bias.

Discussion

This is the first meta-analysis 
of randomized controlled tri-
als to efficacy and safety  
of methylprednisolonein pati- 
ents undergoing cardiopulmo-
nary bypass. The main finding 
is that methylprednisolone 
did not significantly decre- 
ase the incidence of death 
and infection.

Whitlock et al. [21] showed 
that methylprednisolone did 
not show marked influence on 
mortality or major morbidity in 
patients undergoing cardio-
pulmonary bypass and shou- 
ld be as the routine use for 
patients undergoing cardio-
pulmonary bypass. Although 
this is a well-design multi-
center randomized controlled 
trial, single study is lack of 
reliability in patients undergo-
ing cardiopulmonary bypass. Never- 
theless, we considered that to 
combine data would provide a 
more clinically useful result 
than a single study. A meta-
analysis suggests that periop-
erative steroid treatment may 
decrease postoperative blee- 
ding and shorten the duration 
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of ICU and hospital stay as well as have a trend 
towards reduced risk of death in patients [11]. 
However, this meta-analysis only summarized 
clinical benefits of steroid in patients undergo-
ing cardiopulmonary bypass and did not sum-
marize clinical benefits of methylprednisolone 
in patients undergoing cardiopulmonary by- 
pass. We believe that this study is the most 
comprehensive meta-analysis so far for use of 
methylprednisolone in patients undergoing car- 
diopulmonary bypass, including 7691 patients.

However, our meta-analysis has some limita-
tions. Firstly, this meta-analysis was on the 
basis of 7 published randomized controlled  
trials. Many unpublished studies were not 
searched; there a relatively small number of 
available trials which result in a potential 
restriction for any meta-analysis. The lack of 
gray literature resulted in another restriction. 
There is only one trial [21] which has large  
sample size, but other six trials [15-20] are 
small sample size. Hence, this meta-analysis 

still cannot define the long-range efficacy and 
safety of methylprednisolone in patients under-
going cardiopulmonary bypass. If the blinding 
method of the 7 included trials had not been 
well performed, it might lead to a higher perfor-
mance bias.

In conclusion, the present restricted evidence 
indicates that methylprednisolone shows no 
beneficial impact of patients undergoing car-
diopulmonary bypass, so methylprednisolone 
should not be recommended for clinical appli-
cation. Randomized controlled trials which are 
well-design multicenter are required to prove 
the main finding.
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Figure 4. Odds ratio (OR) 95% CI (confidence interval) in mortality between methylprednisolone group and placebo 
group. Notes: M: methylprednisolone group, P: placebo group.

Figure 5. Odds ratio (OR) 95% CI (confidence interval) in infection between methylprednisolone group and placebo-
group. Notes: M: methylprednisolone grou
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