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Abstract
Background: Postoperative atrial fibrillation (POAF) occurs commonly after cardiac surgery. Studies suggest that corticosteroid
can reduce the incident of POAF. However, the results remain controversial. This meta-analysis aimed to evaluate the efficacy and
safety corticosteroid on the prevention of POAF following cardiac surgery.

Methods: Randomized controlled trials were identified through a systematic literature search. Two investigators independently
searched articles, extracted data, and assessed the quality of included studies. Primary outcome was the incidence of POAF as well
as length of hospital stay and intensive care unit stay, wound and other infection, mortality, duration of ventilation, myocardial
infarction, gastrointestinal complications, high blood sugar, stroke, and postoperative bleeding.

Results: Fourteen studies with 13,803 patients were finally involved in the present study. Overall, corticosteroid significantly
decreased the risk of POAF (relative risk [RR], 0.7; 95% confidence interval [CI], 0.55–0.89; P= .003). There were no significant
differences in the incidence of length of intensive care unit stay (RR, �2.32; 95% CI, �5.44 to 0.80; P= .14) and hospital stay (RR,
�0.43; 95% CI, �0.84 to �0.02; P= .04), infections (RR, 1.01; 95% CI, 0.83–1.23; P= .9), mortality (RR, 0.87; 95% CI, 0.71–1.06;
P= .16), duration of ventilation (RR,�0.29; 95% CI,�0.65 to 0.07; P= .12), gastrointestinal complications (RR, 1.26; 95% CI, 0.91–
1.76; P= .16), high blood sugar (RR, 1.98; 95% CI, 0.91–4.31; P= .09), stroke (RR, 0.9; 95% CI, 0.69–1.18; P= .45), postoperative
bleeding (RR �44.54; 95% CI, �115.28 to 26.20; P= .22) and myocardial infarction (RR, 1.71; 95% CI, 0.96–1.43; P= .12).

Conclusion: Our review suggests that the efficacy of corticosteroid might be beneficial to POAF development in patients
undergoing cardiac surgery. The strength of this association remains uncertain because of statistical and clinical heterogeneity
among the included studies.

Abbreviations: CABG = coronary artery bypass grafting, CI = confidence interval, CS = corticosteroid, POAF = postoperative
atrial fibrillation, RCTs = randomized controlled trials, RR = relative risk.

Keywords: atrial fibrillation, cardiac surgery, complication, corticosteroid
Editor: Ovidiu Constantin Baltatu.

This research received no specific grant from the National Natural Science
Foundation of China (NSFC81700320) and Chongqing Science and Technical
Commission Research Funding (CSTC2019-MSXMX0827).

The authors have no conflicts of interest to disclose.

Supplemental Digital Content is available for this article.

All data generated or analyzed during this study are included in this published
article [and its supplementary information files].
a Department of Cardiothoracic Surgery ICU, b Department of Cardiology,
c Department of Cardiothoracic Surgery, The First Affiliated Hospital of Chongqing
Medical University, Chongqing, China, dCentre for Clinical Pharmacology, William
Harvey Research Institute, Queen Mary University of London, London, United
Kingdom.
∗
Correspondence: Xiao-Wen Wang, Department of Cardiothoracic Surgery, The

First Affiliated Hospital of Chongqing Medical University, No.001 YouYi Road,
Chongqing, 400016, China (e-mail: xiaowenwang@yeah.net).

Copyright © 2021 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial License 4.0 (CCBY-NC), where it is
permissible to download, share, remix, transform, and buildup the work provided
it is properly cited. The work cannot be used commercially without permission
from the journal.

How to cite this article: Liu L, Jing FY, Wang XW, Li LJ, Zhou RQ, Zhang C, Wu
QC. Effects of corticosteroids on new-onset atrial fibrillation after cardiac surgery:
a meta-analysis of randomized controlled trials. Medicine 2021;100:11(e25130).

Received: 5 June 2020 / Received in final form: 10 December 2020 / Accepted:
15 February 2021

http://dx.doi.org/10.1097/MD.0000000000025130

1

1. Introduction

Postoperative atrial fibrillation has (POAF) been reported in 20%
to 50% of patients following coronary artery bypass grafting
(CABG) and is even higher after combined CABG and valve
surgery.[1] New-onset atrial fibrillation after cardiac surgery also
associates with numerous postoperative complications, including
stroke, increased inotropic support, congestive heart failure,
acute kidney injury, and death.[2,3] These in turn lead to
prolonged intensive care and hospital length of stay.[3] However,
the cause of POAF and its associated adverse outcomes is still not
well defined.[4] Different students have illustrated that systemic
inflammatory response and local inflammation of the atrium are
believed to contribute to the pathogenesis of atrial fibrillation
after cardiac surgery. In addition, complex inflammatory reaction
may contribute to postoperative complications such as ventricu-
lar dysfunction and organ failure.[5] The relationship between
inflammation and atrial fibrillation after cardiac surgery is
further strengthened by studies that showed that corticosteroid
(CS) prophylaxis can reduce the occurrence of atrial fibrillation
after cardiac surgery. However, the potential risks of CS remain
controversial and inconclusive in terms of several side effects of
CS such as hyperglycemia, gastrointestinal disturbances, and
postoperative infections.[6] Although previous meta-analyses of
50 small randomized controlled trials (RCTs) showed that CSs
could reduce POAF when compared with placebo.[1,7] After
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publication of these meta-analyses, some recent reports from
large RCTs of CSs in cardiac surgery showed no difference in
POAF rates between the treatment group and the control
group.[8,9] Taken together, use of intravenous injection steroids
to prevent POAF in the cardiac surgical population still remain
unclear. We performed a meta-analysis to assess determine the
clinical benefits and risks of CS use in adult cardiac surgery.

2. Materials and methods

2.1. Search strategy and selection criteria

Two investigators independently searched the literatures collect-
ed in PubMed,MEDLINE, and Cochrane databases up toMarch
1, 2020. Search terms included: “glucocorticoid,” “steroid,”
“hydrocortisone,” “dexamethasone,” “methylprednisolone,”
and “cardiac surgery,” “cardiothoracic surgery,” “heart sur-
gery,” “cardiopulmonary bypass,” “CPB,” “coronary artery
bypass grafting,” “CABG,” “CAB,” and clinical trial. We also
sought additional studies by reviewing the reference lists of
included articles, conference abstracts, and the bibliographies of
expert advisors. The searches were limited to English publications
in humans. This search strategy was performed iteratively until
no new potential citations could be found on review of the
reference lists of retrieved articles.
Studies were included if they met all of the following criteria:
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Ta

Cha

Stud

Halo

Halv
Abba
Yare

Yare

Whit

Suez
Pras
Mirh
Al-S

Gom

Jaco
Diele

Whit

CABG
RCTs about comparison of steroids with a control group;

(2)
 adult patients undergoing CABG surgery (off-pump or on-

pump) alone or combined with valvular surgery or other
cardiac surgery;
(3)
 reporting outcome at least including incidence of POAF;

(4)
 incidence of other postoperative complications according to

our review-checklist.
Exclusion criteria included:
ble 1

racteristics of randomized controlled trials.

N

y Year Regimen CS C CS

nen et al[2] 2007 Hydrocortisone 120 127 64.4±

orsen et al[10] 2003 Dexamethasone 147 147 63±
szadeh et al[11] 2012 Dexamethasone 92 92 60.7±
d et al[12] 2007 Dexamethasone 37 34 69.2 (6

d et al[13] 2000 Dexamethasone 106 110 62.6±

lock et al[14] 2006 Methylprednisolone 30 30 67±

awa et al[15] 2013 Methylprednisolone 15 15 64.8
ongsukarn et al[16] 2005 Methylprednisolone 43 43 67.2 (64
osseini et al[17] 2011 Methylprednisolone 60 60 63±
hawabkeh et al[18] 2017 Methylprednisolone,

Hydrocortisone
170 170 65.7±

ez Polo et al[19] 2017 Methylprednisolone,
Dexamethasone

52 52 65

b et al[20] 2015 Dexamethasone 30 32 70.4±
man et al[8] 2015 Dexamethasone 2235 2247 66.2±

lock et al[9] 2015 Methylprednisolone 3755 3752 67 5±

= coronary artery bypass grafting, CS = corticosteroid, RCTs = randomized controlled trials.

2

(1)
8.4

11
8.7
2,78

11.4

10

±5
.5–7
11
9.2

9.1
11.0

13 6
not clearly define the incident of atrial fibrillation was new-
onset;
(2)
 duplicate publication;

(3)
 ongoing/unpublished study.

In addition, if the same author published multiple studies
reporting outcomes at different follow-up points, we extracted
patient characteristics from the first study, with data for
outcomes of interest at subsequent follow-up times extracted
from the later studies. When 2 studies by the same institution
reported the same outcomes at similar follow-up periods, we
included in our analysis either the better quality or the most
informative publication. Ethical approval is unnecessary due to it
is a review of previously reported articles and does not involve
any processing of individual patient data.

2.2. Data extraction

The qualities of each contributing evidence were evaluated
following the recommended Cochrane risk of bias tool respecting
to 7 parts about selection (random and allocation), performance,
detection, attrition, reporting, and other bias, and each study was
assessed to be of low, unclear, or high risk of bias.
All data were extracted from article texts, tables, and figures.

Two individual investigators independently extracted data on
patient and study characteristics, outcomes, and study quality for
each trial using a standardized protocol and reporting form.
Disagreements were resolved by consensus with a third reviewer.
2.3. Study outcomes

The end points of this meta-analysis were as follow:
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 length of intensive care unit (ICU) stay;
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Figure 1. Risk of bias assessment. Authors’ judgments about risk of bias
graph for each included study (above); authors’ judgments about risk of bias
summary across all included studies (below).
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(4)
 wound infection;

(5)
 other infection (urinary infect, pulmonary infection,

pericarditis, mediastinitis, intravenous line infection, bac-
teremia, or any other infection);
(6)
 mortality;

(7)
 duration of;

(8)
 myocardial infarction or injury;

(9)
 gastrointestinal complications (upper gastrointestinal bleed-

ing, gastrointestinal disturbance, gastritis, acute pancreati-
tis, perforated gastric ulcer);
(10)
 high blood sugar;

(11)
 stroke;

(12)
 postoperative bleeding;

(13)
 delirium.
2.4. Statistical Methods

We used fixed-effects or random-effects models to produce
across-study summary relative risk (RR) with 95% confidence
interval (CI). The pooled effects were calculated using fixed-effect
model with the Mantel–Haenszel method when there was no
significant heterogeneity or with DerSimonian–Laird weights for
the random effects model when there was significant heterogene-
ity. The Chi-square test was used to study heterogeneity between
trials, and the I2 statistic was used to estimate the percentage of
total variation across studies. I2 value greater than 50% was
considered as significant heterogeneity. Sensitivity analyses were
performed to compare the treatment effects obtained from
different subgroupswith the overall treatment effects. Publication
bias was explored through visual inspection of funnel plots and
assessed by applying the Egger weighted regression statistic with
a P-value< .05 indicating significant publication bias among the
included studies. Correction for publication bias was performed
using trim-and-fill methods. A P-value< .05 was regarded as
significant. All statistical analyses were performed using Review
Manager (version 5.3, Cochrane Collaboration, Oxford, UK).

3. Results

3.1. Characteristics of Included Studies

The literature search identified relative references. After selection
according to the inclusion/exclusion criteria, 14 studies were eligible
for meta-analysis finally.[2,8–20] A total of 13803 patients were
involved, of whom 6892 patients undergoing CS group and 6911
patients undergoing control group, as summarized in Table 1.
Figure 1 shows the risk of bias of the included studies. A funnel plot
was generated to aid in interpretation of potential publication bias
(Supplemental Figure 1, http://links.lww.com/MD/F887).

3.2. POAF

A total of 13,803 patients were included from 14 RCTs, which
reported data on POAF. Of these patients, 6892 cases were
allocated to CS, and 6911 cases to the control group. POAF
occurred in 24% in the CS group, and 26.48% in the control
group. Pooled treatment effect analysis revealed that CS therapy
significantly reduced the incidence of POAF (RR, 0.7; 95% CI,
0.55–0.89; P= .003; Fig. 2) using a random model. We found a
moderate level of heterogeneity (I2=65%, P= .0003) for the
pooled results for mortality.
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Figure 2. Forest plot for the meta-analysis of postoperative atrial fibrillation.
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3.3. Postoperative length of ICU and hospital stay

Pooled analysis revealed that CS was not associated with a
reduction in length of ICU (RR, �2.32; 95% CI, �5.44 to 0.80;
P= .14; Fig. 3A) and hospital stay (RR,�0.43; 95%CI,�0.84 to
�0.02; P= .04; Fig. 3B) using a random effect model. Significant
heterogeneity was observed among the RCTs (I2=66% and I2=
78%, respectively).
Figure 3. Forest plot for the meta-analysis of postoperative leng

4

3.4. Postoperative wound and other infection

A total 12 RCTs reported data on postoperative infectious
complications. After removing 3 RCTs with no events in 2 arms,
a total of 9219 patients from 9 studies were enrolled in the meta-
analysis. In the pooled analyses, no significant difference was
observed in wound complications (RR, 1.01; 95%CI, 0.83–1.23;
P= .9; I2=0%; Fig. 4A) and other infectious complications (RR,
th of ICU (A) and hospital stay (B). ICU = intensive care unit.



Figure 4. Forest plot for the meta-analysis of postoperative wound (A) and other infection (B).
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0.94; 95% CI, 0.65–1.38; I2=64% Fig. 4B) which were defined
as urinary infect, pulmonary infection, pericarditis, mediastinitis,
intravenous line infection, bacteremia, or any other infection.

3.5. Postoperative mortality

As shown in Figure 5A, Pooled treatment effect analysis revealed
that CS therapy could not reduce incidence of postoperative
mortality (RR, 0.87; 95% CI, 0.71–1.06; P= .16). No heteroge-
neity was observed among the RCTs (I2=0%, P= .98)

3.6. Postoperative duration of ventilation

The pooled results showed no significant difference in the
duration of mechanical ventilation in hours between the
treatment groups (RR, �0.29; 95% CI, �0.65 to 0.07;
P= .12, Fig. 5B). We found a medium level of heterogeneity
(I2=46%, P= .10) in the pooled results.
3.7. Postoperative myocardial infarction

The analysis indicated the risk of Myocardial infarction rates
were not significant difference between CS group and placebo
5

group (RR, 1.71; 95%CI, 0.96–1.43; P= .12; Fig. 5C) and found
a low level heterogeneity (I2=6%, P= .39) in the pooled results
for myocardial infarction (MI).
3.8. Postoperative gastrointestinal complications

The rate of gastrointestinal complications was similar in both
groups (RR, 1.26; 95% CI, 0.91–1.76; P= .16; Fig. 5D). And no
heterogeneity was found (I2=0%, P= .68) for the pooled results.
3.9. Postoperative high blood sugar

CS treatment did not increase the risk of high blood sugar after
cardiac surgery compared with control groups (RR, 1.98; 95%
CI, 0.91–4.31; P= .09; Fig. 5E). There was no heterogeneity
across the trials (I2=0%, P= .49).
3.10. Postoperative stroke

Figure 6A shows the overall RR as well as the RRs of individual
trials regarding stroke. No heterogeneity across the trials was
observed regarding this event (I2=0%, P=1.00). There was no

http://www.md-journal.com


Figure 5. Forest plot for the meta-analysis of postoperative mortality (A), duration of ventilation (B), myocardial infarction (C), gastrointestinal complications (D), and
high blood sugar (E).
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Figure 6. Forest plot for the meta-analysis of postoperative stroke (A), bleeding (B), and delirium (C).
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significant difference in the risk of stroke between CS groups and
control groups (RR, 0.9; 95% CI, 0.69–1.18; P= .45).

3.11. Postoperative bleeding

Pooled effects showed no significant difference in blood lose after
cardiac surgery (RR�44.54; 95%CI,�115.28 to 26.20; P= .22;
Fig. 6B). There was significant heterogeneity among the studies
(I2=62%; P= .07).
3.12. Postoperative delirium

Figure 6C shows the overall RR as well as the RRs of individual
trials regarding delirium. There was a medium level of
heterogeneity across the trials (I2=59%; P= .09). The analysis
indicated that there was no significant difference in the risk of
delirium between CS groups and control groups (8.32% vs
9.15%; RR, 0.89; 95% CI, 0.69–1.41; P= .36).
3.13. Subgroup analyses of POAF

The effect of steroids on incidence of new-onset atrial fibrillation
did not differ based on steroid type (Fig. 7). However, trials of
low dose steroids (3 studies, 725 patients) were associated with a
7

smaller clinical benefit (RR=0.96; 95% CI, 0.50–1.86; P= .92;
I2=66%), whereas trials of medium dose steroids (11 studies,
10,159 patients) were associated with a greater clinical benefit
(RR=0.63; 95% CI, 0.48–0.83; P= .001; I2=76%). Trials of
isolated CABG (13 studies, 1208 patients) were not associated
with a benefit (RR=0.64; 95%CI, 0.29–1.41; P= .27; I2=77%).

4. Discussion

Atrial fibrillation is a very common complication after cardiac
surgery. Previous small RCTs and meta-analyses demonstrate
that CSs could reduce the incidence of POAF when compared
with placebo. However, some recent reports from large RCTs
conclude that there is no protective effect of CSs on the incidence
of new-onset AF after cardiac surgery.[8,9] Our meta-analysis
revealed that using steroids both intraoperatively and postoper-
atively proved to be safe and effective in reducing the incidence
of POAF without increasing the incidence of postoperative
complications and adverse effects due to CS therapy.
Considering the contradictious conclusions of different RCTs,

we included 5 large trials (n>200) into subgroup analysis, which
also suggesting that perioperative steroid use may decrease
the incidence of atrial fibrillation after cardiac surgery. The
mechanism behind the beneficial effects of steroid on the

http://www.md-journal.com


Figure 7. Forest plot for subgroup analyses of postoperative atrial fibrillation.
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development of AF is not well known. The anti-inflammatory
activity of CSs may play the vital role of preventing POAF. All
markers of increased inflammatory reaction concentration, such
as complement C-reactive protein complex, white blood cells,
inflammatory cytokines, are higher in patients with POAF than in
patients who remain in sinus rhythm after cardiac surgery.[2] The
concentration of C-reactive protein was significantly lower
postoperatively in the steroid group than in the placebo
group.[2,12,15,18] Another possible effect of steroids is that CSs
reduce postoperative nausea, vomiting, and anorexia. Thus, CS
therapy may improve absorption of oral medications, such as
-blockers, and thereby reduce the incidence of AF.[16]

Interestingly, the subgroup analysis shows that a medium dose
of CSs was associated with reducing the incidence of POAF
compared with low doses. A possible explanation for this might
be that fewer studies using low or high doses of CS, so that low
and high doses of steroid in these studies did not have
prophylactic effects on AF. Another reason is the response of
CS therapy, which is in normal distribution (bell curve) where the
optimum effective dose is the medium. Furthermore, the anti-
inflammatory effects are dose-dependent, according to the
pharmacology.[21] However, high dose of steroid has the
potential risks of increasing side effects. Some previous meta-
analyses also investigating that low- and high-dose CSs were
ineffective in preventing AF in contrast to moderate doses.[22,23]

This fact was confirmed in our meta-analysis that optimum dose
was the medium one.
Compared with different types of CSs, maybe, methylpredniso-

lone could be better candidate to reduce the incidence of POAF
according to thismeta-analysis, although therewasnot statistically
significant difference. Therefore, no firm conclusions can be drawn
here, because of the limitations of the subgroup analysis.
There are several reasons that might explain why some studies

could not demonstrate any protective effect of CSs on
postoperative AF. One possible reason is that the moment and
duration of steroid administration. Previous studies which
demonstrating a protective effect of steroid treatment on POAF
were designed to administer steroid not only preoperatively, but
also on the following days of surgery. Other trials just gave a
single shot shortly after the induction of anesthesia or during the
surgery process. In our subgroup analysis, we did not see the
significant difference between administration at variety periop-
erative moments. The optimal timing of drug delivery and the
frequency of administration remain unclear.
One large RCT and a recent systematic review indicate that

prophylactic administration of steroid is associated with an
increase in myocardial infarction or injury.[9,24] However, the
increase in myocardial injury with steroid in these studies was not
reported in other previous trials. The reason of this contradicted
result may mainly because of differing MI definitions which can
impacted the event incidence between trials. Taking the 2 large
clinical trials (Steroids In caRdiac Surgery study [SIRS] and
Dexamethasone for Cardiac Surgery Study [DECS]) as examples,
in the SIRS trial that mandated postoperative creatinine kinase-
fraction myocardial band and Electrocardiograph monitoring,
the overall incidence of myocardial injury was 11.8%.[8,9] In
contrast, in the DECS trial, MIs were defined by a biomarker
elevation in association with new Q-waves or left bundle branch
block on Electrocardiograph, which resulted in a much lower
incidence of 1.7%. ourmeta-analysis did not see the evidence that
steroid administration can impact the incidence of myocardial
injury after cardiac surgery.
9

The findings of our study demonstrated that CS receivers had a
statistically reduction on the length of hospital stay, which indeed
depends on reduction of surgical complications and improvement
in clinical outcomes after CABG. There are other meta-analysis
supporting our finding.[1,25] However, steroid prophylaxis had
no effect on reducing the length of ICU stay and did not increase
the time of need for mechanical ventilation. In agreement with
our study, Cappabianca et al also reported that steroids could
reduce morbidity, surgical complications, andHospital Length of
Stay.[6]

One of the potential risks of applying CS perioperatively is that
steroid-induced suppression could significantly increase the risk
of infection. Our study indicated that administration of steroid
did not increase any infections at all. In addition, there was no
statistical difference in the rate of major complication between
the steroid and the placebo groups on high blood sugar level,
gastrointestinal complications, postoperative bleeding, and
delirium. According to our meta-analysis, we believe that using
steroid in perioperative moments with low or medium doses are
safety in patients undergoing CABG alone or combined with
valve surgery.
Our analysis included 2 large clinical trials (SIRS and DECS)

which contribute about 12,000 patients to the total 13,803
patients.[8,9] Therefore, our results are mostly based on these 2
large high quality RCTs, and more multicentric large clinical
trials are needed to confirm our meta-analysis findings.
There are several limitations in our study. First, a major

limitation of this meta-analyses is the heterogeneity of the
included studies. Some results of our meta-analysis have
significant heterogeneities. Most of these studies were small in
sample size (18–294 patients) and investigated various types of
CSs in multiple doses at different time points of administration.
Second, definitions of end points were different across included
studies, such as myocardial infarctions, which threatens the
validity of our results. The low event rates and the small
proportion of trials reporting outcomes limit our ability to draw
conclusions about the effect of steroids on these outcomes.
Moreover, we did not have access to further propensity analysis
or stratified analysis to better define differences between
treatment groups. Finally, we would also like to point out the
publication bias exaggerating the positive effects when meta-
analysis was based on previously published studies, due to
positive results are more tendency to be published than negative
results.
In conclusion, the present meta-analysis suggests a beneficial

effect of steroids to prevent new-onset atrial fibrillation after
cardiac surgery. Steroid prophylaxis in patients undergoing
CABG or combine with valve surgery could significantly reduce
the incidence of new-onset POAF, and the length of hospital stay.
On the other hand, it is an effective safe treatment that does not
increase the incidence of infection or other side effects of steroids
compared with the placebo. The strength of this relationship
should be interpreted with caution because of statistical and
clinical heterogeneity among the included studies.
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