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Summary

Corticosteroids are often administered prophylactically to attenuate the inflammatory response associated with cardiac surgery using car-
diopulmonary bypass (CPB). However, the efficacy and safety profile of corticosteroids remain uncertain. The primary aim of this
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systematic review and meta-analysis was to investigate the effect of corticosteroids on mortality in adult cardiac surgery using CPB.
Secondary aims were to examine the effect of corticosteroids on myocardial adverse events, pulmonary adverse events, atrial fibrillation,
surgical site infection, gastrointestinal bleeding and duration of stay in the intensive care unit and hospital. Randomized controlled trials
(RCTs) were systematically searched in electronic databases (MEDLINE, EMBASE, CINAHL, CENTRAL and Web of Science) from their incep-
tion until March 2019. Observational studies, case reports, case series and literature reviews were excluded. Sixty-two studies (n = 16 457
patients) were included in this meta-analysis. There was no significant difference in mortality between the corticosteroid and placebo
groups [odds ratio (OR) 0.96, 95% confidence interval (CI) 0.81–1.14; P = 0.65, participants = 14 693, studies = 24, evidence of certainty:
moderate]. Compared to those receiving a placebo, patients who were given corticosteroids had a significantly higher incidence of myo-
cardial adverse events (OR 1.17, 95% CI 1.03–1.33; P = 0.01, participants = 14 512, studies = 23) and a lower incidence of pulmonary adverse
events (OR 0.86, 95% CI 0.75–0.98; P = 0.02, participants = 13 426, studies = 17). The incidences of atrial fibrillation (OR 0.87, 95% CI 0.81–
0.94; P < 0.001, participants = 14 148, studies = 24) and surgical site infection (OR 0.81, 95% CI 0.73–0.90; P < 0.001, participants = 13 946;
studies = 22) were all lower in patients who were given corticosteroids. In the present meta-analysis of 62 RCTs (16 457 patients), including
the 2 major RCTs (SIRS and DECS trials: 12 001 patients), we found that prophylactic corticosteroids in cardiac surgery did not reduce mor-
tality. The clinical significance of an increase in myocardial adverse events remains unclear as the definition of a relevant myocardial end
point following cardiac surgery varied greatly between RCTs.

Keywords: Atrial fibrillation • Corticosteroids • Cardiopulmonary bypass • Cardiac surgery • Mortality • Surgical site infection

ABBREVIATIONS

CABG Coronary artery bypass grafting
CI Confidence interval
CPB Cardiopulmonary bypass
DECS The Dexamethasone for Cardiac Surgery trial
ICU Intensive care unit
OR Odds ratio
RCTs Randomized controlled trials
SIRS The Steroids in Cardiac Surgery trial

INTRODUCTION

Based on data from the Society of Thoracic Surgeons Adult
Cardiac Surgery Database, �292 500 patients underwent myocar-
dial revascularization and/or heart valve replacement in 2017 [1].
The introduction of cardiopulmonary bypass (CPB) in the early
1950s revolutionized heart surgery [2, 3]. However, CPB often
induces a systemic inflammatory response syndrome (SIRS) where
at least 2 or more systemic inflammatory response syndrome cri-
teria were met by nearly 95% of patients within the first day after
cardiac surgery [4–8]. Systemic inflammatory response syndrome
involves complement activation, along with activation of platelets,
neutrophils, monocytes and macrophages [5, 9]. As a result, co-
agulation and fibrinolytic cascades are initiated [6, 9]. The ensuing
systemic inflammatory response is associated with fever, impaired
alveolar gas exchange, vasodilatation, myocardial stunning, renal
insufficiency and multi-organ dysfunction [4, 10–12]. Adverse out-
comes from heart surgery including myocardial infarction, pul-
monary dysfunction, renal impairment and death are associated
with systemic inflammatory response syndrome [13–15].

Corticosteroids are potent anti-inflammatory agents, which in-
activate inflammatory genes and inhibit synthesis of anti-
inflammatory proteins during the process of inflammation [5, 16].
They inhibit the release of biochemical inflammatory markers,
minimizing the CPB-induced inflammatory response [5, 16]. In
addition, generic corticosteroids are low-cost drugs, and as such
more likely to be cost-effective if their use is associated with
reduced incidences of adverse events after heart surgery with
CPB. However, corticosteroids may have their own adverse
effects. They commonly cause hyperglycaemia, which has been

associated with immunosuppression and poor wound healing
[5, 17, 18]. In addition, high-dose corticosteroids use have been
associated with an increased risk of gastrointestinal bleeding [5,
17]. Whilst the anti-inflammatory effects of corticosteroids seem
desirable, robust analysis on the evidence of efficacy and safety
of corticosteroids is required before recommendations on the
use of corticosteroids in heart surgery with CPB can be made.

A previous systematic review and meta-analysis published in
2011 found that corticosteroids were not associated with any sig-
nificant reduction in clinically important adverse outcomes from
heart surgery [19]. Since that review was published, 8 randomized
controlled trials (RCTs) including 2 trials [20, 21] with large popu-
lation sample sizes have been published [20–27]. Thus, an
updated systematic review and meta-analysis is warranted to
summarize the current understanding of the use of corticoste-
roids in patients undergoing heart surgery with CPB.

The primary aim of this review was to determine the effect of
prophylactic corticosteroids on mortality in adult cardiac surgery
with CPB. Secondary aims were to examine the effect of cortico-
steroids on complications of adult cardiac surgery, such as myo-
cardial adverse events (including fatal and non-fatal myocardial
infarction), pulmonary adverse events (including pulmonary oe-
dema, infection or prolonged postoperative ventilation for re-
spiratory failure), atrial fibrillation, surgical site infection,
gastrointestinal bleeding and duration of stay in the intensive
care unit (ICU) and hospital.

METHODS

This review paper was conducted in accordance with the
Cochrane Handbook for Systematic Reviews of Interventions [28].
The research questions were formulated using a population-
intervention-comparison-outcomes approach (Supplementary
Material, eTable 1).

Literature search

The Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE (OvidSP), Embase (OvidSP), CINAHL (EBSCO), Science
Citation Index Expanded (SCI-EXPANDED), Social Science
Citation Index (SSCI) and Web of Science (Thomson Reuters)
were searched (Supplementary Material, eTable 2), from their
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inceptions until 31 March 2019, for RCTs comparing corticoste-
roids with either placebo or no treatment in adults undergoing
heart surgery with CPB. The ClinicalTrials.gov (www.
CLINICALTRIals.gov) and the WHO International Clinical Trials
Registry Platform (ICTRP) Search Portal (http://apps.who.int/trial
search/) databases were searched for any ongoing or unpub-
lished trials. No restrictions on language of publication were
applied. Reference lists from retrieved RCTs and systematic
reviews and meta-analyses were hand-searched to identify any
additional trials. Study authors were contacted for any missing or
incomplete data when required.

Studies reporting parallel-arm RCTs were included in this re-
view. There were no restrictions with regard to the duration of
the study follow-up period. Studies comprising only off-pump
coronary artery bypass grafting (CABG) surgery were excluded.
However, studies that included both heart surgery with/and with-
out CPB were included if data for those patients who underwent
heart surgery with CPB, were reported separately. Studies involv-
ing paediatric populations were also excluded in this review be-
cause the harmful biological effects of CPB are more prominent
in infants and newborns than the adult population, which may
introduce a type II statistical error.

Outcomes

The primary outcome for this meta-analysis was mortality, where
the data of the longest duration of follow-up were used for ana-
lysis. Secondary outcomes included postoperative myocardial
adverse events (myocardial infarction based on either electrocar-
diography diagnosis, troponin-I, creatinine kinase-muscle/brain
or lactate dehydrogenase), pulmonary adverse events (including
pulmonary oedema, pleural effusion, pneumonia, pulmonary
embolism and respiratory failure), surgical site infection (wound
infection or mediastinitis), atrial fibrillation, gastrointestinal
bleeding (ulcer, bleeding or perforation), resternotomy, stroke,
author-defined acute kidney injury (increased creatinine level,
oliguria or requiring dialysis), author-defined use of positive ino-
tropes/vasopressor intraoperatively, requirement for blood trans-
fusion and postoperative blood glucose level. Data from all
available time points were recorded and for data analysis, the
longest reported time-point was used for each study. Process
outcomes that were evaluated included the duration of ICU stay
(hours), duration of hospital stay (days) and quality of life (The
Assessment of Quality of Life Scales, 5-Level EuroQol Health
Survey, 36-Item Short-Form Health Survey).

Study selection

Selection of studies was conducted in adherence to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines [29]. Two review authors (C.L. and D.P.S.) inde-
pendently screened titles and abstracts for eligibility. Studies were
coded as ‘retrieve’ (eligible or potentially eligible) or ‘do not re-
trieve’ (not eligible). Any disagreements at this stage were resolved
by a third author (K.T.N.). The full-text study reports of potentially
eligible studies were retrieved. Two review authors (C.L. and D.P.S.)
independently screened the full-texts, identified those studies for
inclusion and recorded reasons for the exclusion of ineligible stud-
ies. Any disagreements were resolved through consultation with a
third author (K.T.N.). Duplicates were excluded and multiple

reports of the same study were collated so that each study rather
than each report was the unit of interest in this review.

Data extraction

Data were extracted from the full-text article of each included
study by 2 authors independently (C.L. and D.P.S.) using a stand-
ardized data-extraction form. Disagreements between the data
extractors were resolved by involving a third author (K.T.N.). One
review author (K.T.N.) transcribed the data into the Review
Manager file and ensured that data had been entered correctly
by comparing the extracted data with that in the study reports.
A second review author (D.P.S.) spot-checked study characteris-
tics for accuracy.

Risk of bias assessment

Two review authors (C.L. and D.P.S.) independently assessed the
risk of bias for each study using the Cochrane Collaboration’s
Risk of Bias tool [28]. Disagreements were resolved through dis-
cussion with a third author (K.T.N.). Each potential source of bias
was graded as low, high or unclear. The risk of bias for each do-
main was summarized across all the included studies.

Statistical analysis

Review Manager version 5.3 was used for statistical analyses [30].
A 2-sided q-value of <0.05 was considered as statistical signifi-
cance. For continuous variables, the weighted mean difference
was calculated according to the inverse of the square of standard
error. In view of the low event rates in all the measured out-
comes, the Peto odds ratio (OR) was used for binary outcomes as
it is a robust model for sparse outcome meta-analysis without ex-
treme group imbalances [31], as was the case in the present
meta-analysis. Due to variations in study-patient groups, clinical
settings, concomitant care and differences in treatment, clinical
heterogeneity was expected. The I2 statistic was used to assess
the statistical heterogeneity [28]. Boundaries of <40%, 40–60%
and >60% were used to define low, moderate and substantial lev-
els of heterogeneity, respectively. If no substantial heterogeneity
was noted, a fixed effects model analysis was used to pool esti-
mates. If substantial heterogeneity (I2 >_ 60%) was observed, a ran-
dom effects model analysis was used.

Subgroup analyses and sensitivity analysis

A funnel plot was created to explore the possibility of publication
bias for the primary outcome. Subgroup analyses were per-
formed on the major outcomes (mortality, myocardial adverse
events, pulmonary adverse events, atrial fibrillation and surgical
site infection), by stratifying dose of steroids into high-dose (total
administered dose >1 g of hydrocortisone-equivalent) and low-
dose (total administered dose <_1 g of hydrocortisone-equivalent)
(equivalent anti-inflammatory doses of corticosteroids: prednisol-
one 5 mg = betamethasone 750 lg; deflazacort 6 mg; dexametha-
sone 750 lg; hydrocortisone 20 mg; methylprednisolone 4 mg;
prednisone 5 mg; triamcinolone 4 mg) [32]. To assess the robust-
ness of our primary outcome (mortality), we also performed a
sensitivity analysis by including only studies of low risk of bias.
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Certainty of evidence assessment

The GRADE assessments of the evidence and summary of find-
ings were independently performed by 2 authors (D.P.S. and C.L.)
using the GRADEpro/GDT software [31]. Based on the Cochrane
handbook, we downgraded a starting rating of ‘high quality’ evi-
dence of RCT based on the 5 criteria (risk of bias, inconsistency,
indirectness, imprecision and publication bias) by 1 level for ser-
ious concern or by 2 levels for very serious concerns. Any dis-
agreements were resolved by a third author (K.T.N.).

Trial sequential analysis

Trial sequential analysis was performed on the primary outcome
(mortality) to assess the risk of random error and multiplicity
phenomenon due to repeated significant testing in meta-analyses
[33]. The required meta-analysis information size and adjusted
significance thresholds were calculated based on a 2-sided se-
quential analysis-adjusted fixed effects model with 5% risk of
type 1 error and power of 80%.

RESULTS

Trial selection

Searching of the databases found 9523 non-duplicate citations
for titles and/or abstracts screening. Eighty relevant articles
were retrieved for full-text assessment. Of these, a total of 62
studies (16 457 patients) were included in this present systemat-
ic review (Supplementary Material, eFig. 1). The clinical charac-
teristics of all included studies are illustrated in Supplementary
Material, eTable 3. Searching of clinical trials registers identified
2 relevant ongoing studies (Supplementary Material, eTable 4)
[34, 35].

Study characteristics

Of the included 62 studies, 8 were published since 2010, 36 were
in the 2000s, 11 in the 1990s, 4 in the 1980s and 3 in the 1970s.
Altogether, 16 457 patients were included from 62 trials with a
mean age of 65 years and a predominance of male participants
(66.3%). Only 7 studies included specifically ‘high-risk’ surgical
patients with all other study-populations consisting of ‘low-risk’
or ‘unspecified-risk’ CABG, heart valve or other heart surgery. In
the majority of the studies, the sample sizes were small (median
number of patients per study = 50). The type of corticosteroids
[hydrocortisone (n = 7), methylprednisolone (n = 53), dexametha-
sone (n = 15), prednisone (n = 2), betamethasone (n = 1), combin-
ation of hydrocortisone and methylprednisolone (n = 1),
combination of methylprednisolone and prednisone (n = 3)],
period of treatment and dosage of corticosteroids administered
varied widely between studies.

Risk of bias assessment

The summary risk of bias assessment was ‘Low’ for 19 studies,
‘Unclear’ for 27 studies and ‘High’ for 16 studies (Supplementary
Material, eFigs 2 and 3). The greatest source of bias across the
studies was lack of blinding. The summary of findings/quality of

evidence is displayed in Supplementary Material, eTable 5.
Results of the meta-analyses for all primary and secondary out-
comes are outlined in Supplementary Material, eTable 6.

Primary outcome

The use of corticosteroids in heart surgery did not reduce mortal-
ity [Peto OR 0.96, 95% confidence interval (CI) 0.81–1.14; partic-
ipants = 14 693; studies = 24; certainty of the evidence: moderate].
Statistical heterogeneity was low (I2 = 0%). The funnel plots for
mortality did not reveal substantial asymmetry, suggesting a low
risk of publication bias. Sensitivity analysis of low-risk bias trials
demonstrated similar results (Peto OR 0.95, 95% CI 0.79–1.13).
The trial sequential analysis of a diversity-adjusted required infor-
mation size for mortality was 17 248 patients (Fig. 1). With
14 693 patients, only 85.2% of the required information size was
available to detect or reject a relative risk reduction of 20%,
based on a 5% risk of type 1 error (2-sided), a power of 80%, and
an incidence in the control arm of 3.95% with a model variance-
based heterogeneity correction.

Secondary outcomes

The risk of myocardial adverse events was significantly increased
in patients receiving corticosteroids (Peto OR 1.17, 95% CI 1.03–
1.33; participants = 14 512, studies = 23, the certainty of the evi-
dence: very low). The definition of myocardial adverse events
used in the Steroids in Cardiac Surgery trial [20] differed from the
other studies as it was based only on a rise in the cardiac enzyme
(creatinine kinase-muscle/brain), which led to a very high inci-
dence of myocardial adverse events (13% in corticosteroids
group, 11% in the placebo group) [20]. The combination of post-
hoc analysis on the incidence of myocardial infarction (defined as
the presence of new Q-waves on the postoperative electrocar-
diograph) in the SIRS trial [20] and sub-analysis of the remaining
studies showed no significant difference in myocardial adverse
events between the corticosteroid and placebo groups (Peto OR
0.90, 95% CI 0.70–1.16; participants = 14 512, studies = 23; cer-
tainty of the evidence: very low), indicating the introduction of
bias as a result of including the SIRS trial in this measured out-
come. By removing the SIRS trial in the sensitivity analysis, the
difference in the incidence of the myocardial adverse events be-
came non-significant and the effect changed direction (Peto OR
0.91, 95% CI 0.68–1.20; participants = 7005, studies = 22).

Corticosteroids significantly reduced the incidence of pulmon-
ary adverse outcomes (Peto OR 0.86, 95% CI 0.75–0.98; partic-
ipants = 13 426; studies = 17 studies, I2 = 0%, the certainty of the
evidence: low). In comparison to the placebo, the incidence of
atrial fibrillation (Peto OR 0.87, 95% CI 0.81–0.94; partic-
ipants = 14 148, studies = 24, certainty of the evidence: very low)
and surgical site infections (Peto OR 0.81, 95% CI 0.73–0.90; par-
ticipants = 13 946, studies = 22, certainty of the evidence: low)
were significantly lower in the corticosteroids group. The
duration of ICU stay was shorter in patients who received corti-
costeroids compared to a placebo (mean difference -4.41 h, 95%
CI –6.13 to –2.70; participants = 13 490, studies = 31) as was the
duration of hospital stay (mean difference –0.54 days, 95% CI
-1.05 to -0.02; participants = 13 196, studies = 21). There were no
significant differences between patients who received corticoste-
roids compared to placebo in the incidence of gastrointestinal
bleeding (Peto OR 1.29, 95% CI 0.70–2.39; participants = 5026,
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studies = 5), author-defined acute kidney injury (Peto OR 0.84,
95% CI 0.68–1.02; participants = 12 734, studies = 12), resternot-
omy (Peto OR 1.12, 95% CI 0.47–2.65; participants = 818,
studies = 7), stroke (Peto OR 0.84, 95% CI 0.66–1.06; partic-
ipants = 13 218; studies = 14), use of positive inotropes (Peto OR
0.98, 95% CI 0.74–1.30; participants = 1390, studies = 19) or
required for packed red cell transfusion (Peto OR 0.96, 95% CI
0.88–1.05; participants = 8127, studies = 7).

There was no standardization on the reporting of postopera-
tive blood glucose levels across all the included studies. Three
studies recorded the highest postoperative blood glucose level [9,
21, 36], another 4 trials [20, 23, 37, 38] reported the number of
patients with postoperative hyperglycaemia and 10 [18, 25–27,
39–44] reported different time-points of blood glucose level be-
tween the corticosteroid and placebo groups. Thus, a meta-
analysis of postoperative blood glucose levels was not performed
due to significant variation in the interpretation of glucose level
across studies.

Subgroup analyses

Eleven studies [22, 27, 37, 38, 45–51] used low-dose corticoste-
roids with the remaining 51 studies administered high-dose
corticosteroids. There was no significant interaction between
high- and low-dose corticosteroid and the incidences of myocar-
dial or pulmonary adverse events and surgical site infection.
However, there was significant interaction (P = 0.001) with the in-
cidence of atrial fibrillation, with the treatment effect favouring
low- over high-dose corticosteroids. Covariate distribution
occurred in this subgroup analysis due to an inadequate number
of trials (6) and sample size (n = 924) with moderate heterogen-
eity in the low-dose corticosteroid subgroup.

Quality of life

Since the earlier review, only 2 studies [21, 32] investigated qual-
ity of life outcomes. In the Dexamethasone for Cardiac Surgery
trial, using the SF-36 (physical and mental components), there
was no clear difference between the corticosteroid and placebo
groups [21]. The outcomes of EQ-5D also remained similar be-
tween the 2 groups [21]. One sub-study of SIRS trial utilized the
Postoperative Quality of Recovery Scale to assess the quality of
recovery after heart surgery [32]. In 482 patients available for the
recovery analysis, there were no differences between the cortico-
steroid and placebo groups for overall recovery and individual
recovery domains [32].

DISCUSSIONS

In this updated systematic review and meta-analysis of the use of
prophylactic corticosteroids in heart surgery with CPB, no effect on
mortality could be demonstrated. This finding supports the recom-
mendation of the 2017 EACTS Guidelines on Perioperative
Medication in Adult Cardiac Surgery where the routine use of
prophylactic corticosteroids is not indicated for adults undergoing
cardiac surgery (Class of recommendation III and Level of Evidence
A) [52]. The present study includes 2 recent RCTs (DECS and SIRS
trials), which both have very much larger sample sizes compared
to earlier published RCTs [20, 21]. Both trials included mainly ‘high-
risk’ patients for heart surgery. As these 2 trials dominate the results
of the meta-analysis, the evidence from the present systematic re-
view and meta-analysis can be considered generalizable to the
current population undergoing heart surgery, which commonly
consists of elderly patients with multiple comorbidities.

Figure 1: Trial sequential analysis of mortality.
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In the subgroup analysis of the DECS trial based on the
treatment-by-age interaction of corticosteroids on mortality
events, it suggested that a younger patient age (<65 years) was
associated with a lower risk of mortality than older age
(>_65 years) when receiving corticosteroids [21]. It is possible that
younger patients have a more intense inflammatory response
than elderly patients where suppression of this effect with corti-
costeroids may contribute to a benefit in young patients [52].
However, such treatment-by-age interaction was not observed in
the SIRS trial [20]. The sex-based subgroup differences of cortico-
steroids on mortality were not significant in both the DECS and
SIRS trials [20, 21]. Given that the mortality risk after cardiac sur-
gery was small (�4%), we would need a trial with a large popula-
tion sample size to prove an effect on mortality from
corticosteroids. The present meta-analysis did not achieve the
required population sample size to detect a 20% reduction in
mortality based on a 5% risk of type 1 error (2-sided) and 80%
power. Thus, the findings of this meta-analysis cannot reliably ex-
clude that corticosteroids may influence mortality in patients
undergoing heart surgery with CPB.

The higher incidence of myocardial adverse events in
patients receiving corticosteroid needs to be interpreted with
caution as different definitions of myocardial infarction were
used across different RCTs. The majority of cases of myocardial
complications came from the SIRS trial [20]. In this study, the
myocardial injury was defined as a rise in creatinine kinase-
muscle/brain levels above a predefined threshold and/or pres-
ence of new Q-waves on the postoperative electrocardiography
due to limited access to troponin measurement in some centres
[20]. This may have contributed to the high levels of heterogen-
eity found in the analysis of myocardial adverse outcomes.
Sensitivity analysis following the removal of data from the SIRS
trial resulted in a major change in the direction of the effect
and magnitude of the statistical finding. By including the
reported incidence of myocardial infarction based on the post-
hoc analysis of the SIRS [20], the finding corresponded to the
aforementioned sensitivity analysis that corticosteroids did not
increase the risk of myocardial infarction. Despite a statistically
significant increase in the incidence of myocardial adverse
events in patients receiving corticosteroids in the present meta-
analysis, the clinical significance of this finding is unclear as it
was not associated with an increase in mortality. Heart surgery
is associated with myocyte trauma from cardioplegia and surgi-
cal trespass of the myocardium, so biological markers will be
released but will not always be associated with clinically rele-
vant adverse myocardial outcomes. Therefore, defining what
clinically relevant myocardial adverse events following heart
surgery are, is challenging.

In the present systematic review and meta-analysis, the reduc-
tion of pulmonary complications, atrial fibrillation and surgical
site infections along with shorter durations of ICU and hospital
stay in patients receiving corticosteroids may indicate the limited
value of mortality as an outcome where the disease-specific
benefit is likely to be in other clinical outcomes [53]. There
remains scope for further investigation of patient recovery out-
comes and inflammation-specific outcomes in future trials. Thus,
an ongoing RCT (DECS-II study, NCT03002259) has been
designed to examine the patient-centred outcomes, which
focusses on enhanced recovery and earlier hospital discharge in
adult patients after high-dose corticosteroids in heart surgery
with CPB (single-dose administration of 1 mg/kg, maximal dose
of 100 mg of dexamethasone before CPB) [35].

Given that the majority of sample size for incidences of atrial
fibrillation and surgical site infection were contributed by two
high quality large trials (DECS and SIRS), it is likely reflective of
the true effect of prophylactic corticosteroids on the afore-
mentioned outcomes [20, 21]. The positive effect of corticoste-
roids in reducing the incidence of atrial fibrillation and surgical
site infection found in the present meta-analysis could be
skewed by many of the previous RCTs with a small population
sample size with a high risk of study bias and substantial het-
erogeneity. Thus, we confirmed that corticosteroids did not re-
duce the incidence of atrial fibrillation and surgical site
infection based on the negative findings of the 2 robust
large RCTs [20, 21]. However, patients with chronic steroid
therapy should continue their usual dose of corticosteroids
on the day of operation [52, 54]. Additional preoperative
stress–dose corticosteroids may be appropriate but is not evi-
dence-based [54]. The potential benefits of corticosteroids on
these secondary outcomes warrant future adequately powered
RCTs to establish the true effect on these postoperative
outcomes.

The present systematic review and meta-analysis are incom-
parable with those undertaken prior to publication of the DECS
and SIRS trials [14, 15], because the sample sizes of these 2 trials
are so much larger than all the previously published trials. The
benefits of corticosteroids reducing mortality found in meta-
analyses undertaken prior to these 2 large RCTs may have had
false-positive signals due to small sample sizes and so the poten-
tial for a type I error. Another systematic review and meta-
analysis have been published recently which included both re-
cent large RCTs [20, 21]. It included 56 studies between 1977
and 2015 and concluded that corticosteroids had an unclear im-
pact on mortality with an increased risk of myocardial injury
[55]. In the present systematic review, we have updated our lit-
erature search up to 2019 and included 11 studies [23–25, 43,
48, 56–61] that were not included by Dvirnik et al.’s review [55].
Moreover, 5 of the 56 studies were excluded from our review
due to lack of randomization [62, 63], the inclusion of children
in the study population [64], the inclusion of patients undergoing
non-heart surgery [65] or non-compatible study design [66].
There were also some slight differences in our search strategy
which may have led to different search outcomes between the 2
meta-analyses. In contrast to the latest meta-analysis [55], our
findings suggest that the risk of myocardial adverse events may
be overestimated and indeed, there may be some benefits on
secondary outcomes, namely postoperative pulmonary compli-
cation and length of ICU/hospital stay from the use of cortico-
steroids that require future RCTs to confirm the certainty of
evidence.

Limitations

There are several important qualitative limitations of the
RCTs that were used in the present meta-analysis, which will
have influenced the interpretation of our findings. Firstly, the
risk of bias of most of the included RCTs was classified as ei-
ther ‘Unclear’ or ‘High’ (43/62). Secondly, in many of the
included RCTs, the primary end points were either surrogate
markers of inflammation or ventilator parameters, and
reporting of clinical outcomes did not form part of the study
protocol. Non-standardized collection of clinical outcomes
carries a high risk of observer bias, particularly when
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outcome adjudication is not blinded. Furthermore, the dur-
ation of follow-up periods were short and heterogeneous in
the majority of RCTs, so inflating the risk of under-reporting of
adverse outcomes. Thirdly, DECS and SIRS trials that contributed
12 001/16 457 patients and resulted in >80% of the pooled effects
on the primary outcome [20, 21]. Therefore, these 2 RCTs [20, 21]
will have heavily influenced both the mortality outcome and the
risk of bias for this meta-analysis. As these 2 RCTs [20, 21] were of
high quality and had well-defined clinical outcomes as primary
end points, as well as long periods of follow-up, some qualitative
limitations discussed earlier will clearly be of less importance in
this updated meta-analysis. Furthermore, 62 RCTs spanned across
4 decades, from the mid-1970s until 2017. During this time, many
aspects of anaesthesia, surgical and perioperative care have great-
ly changed. The type of cardiac surgery, study protocols and defi-
nitions of myocardial or pulmonary adverse events that were
used, varied across all the included studies, which may have intro-
duced variance into our findings. In this review, the very low to
moderate level of evidence as a result of the risk of bias, inconsist-
ency, imprecision and publication bias, limits any recommenda-
tions on the prophylactic use of corticosteroids in cardiac surgery
with CPB.

CONCLUSION

In conclusion, in the present meta-analysis of 62 RCTs (16 457
patients), including of the 2 major RCTs (SIRS and DECS; 12 001
patients), prophylactic corticosteroids in cardiac surgery did not
reduce mortality. The clinical significance of an increase in myo-
cardial adverse events remains unclear as defining a relevant
myocardial end point following cardiac surgery is challenging.

SUPPLEMENTARY MATERIAL

Supplementary material is available at EJCTS online.

ACKNOWLEDGEMENTS

The authors thank Prof Jan M. Dieleman for his advice interpreting
the findings as well as drafting and proofreading the manuscript.
They also thank Charlene Bridges, an information specialist in the
Cochrane Heart Group, for her contribution in updating our search
strategy.

Conflict of interest: none declared.

Author contributions

Ka Ting Ng: Conceptualization; Data curation; Formal analysis; Investigation;
Methodology; Project administration; Validation; Writing—original draft;
Writing—review & editing. Judith Van Paassen: Conceptualization; Formal
analysis; Supervision; Writing—review & editing. Clare Langan:
Conceptualization; Data curation; Writing—review & editing. Deep Pramod
Sarode: Conceptualization; Data curation; Formal analysis; Writing—original
draft; Writing—review & editing. M. Sesmu Arbous: Conceptualization; Data
curation; Writing—review & editing. R Peter Alston: Conceptualization; Data
curation; Formal analysis; Project administration; Supervision; Writing—original
draft; Writing—review & editing. Olaf M. Dekkers: Conceptualization; Formal
analysis; Supervision; Writing—review & editing.

REFERENCES

[1] D’Agostino RS, Jacobs JP, Badhwar V, Fernandez FG, Paone G, Wormuth
DW. The Society of Thoracic Surgeons adult cardiac surgery database:
2018 update on outcomes and quality. Ann Thorac Surg 2019;107:
24–32.

[2] Pastuszko JH, Edie RN. The inventor of the first successful heart-lung ma-
chine. J Card Surg 2004;19:65–73.

[3] Gibbon JH, Donald Hill J. The development of the first successful heart-
lung machine. Ann Thorac Surg 1982;34:337–41.

[4] Asimakopoulos G, Smith PL, Ratnatunga CP, Taylor KM. Lung injury and
acute respiratory distress syndrome after cardiopulmonary bypass. Ann
Thorac Surg 1999;68:1107–15.

[5] Chaney MA. Corticosteroids and cardiopulmonary bypass: a review of
clinical investigations. Chest 2002;121:921–31.

[6] Kirklin JK, Westaby S, Blackstone EH, Kirklin JW, Chenoweth DE, Pacifico
AD. Complement and damaging effects of cardiopulmonary bypass.
J Thorac Cardiovasc Surg 1983;86:845–57.

[7] McGuinness J, Bouchier-Hayes D, Redmond JM. Understanding the in-
flammatory response to cardiac surgery. Surgeon 2008;6:162–71.

[8] Wan S, LeClerc JL, Vincent JL. Inflammatory response to cardiopulmon-
ary bypass: mechanisms involved and possible therapeutic strategies.
Chest 1997;112:676–92.

[9] Loef BG, Henning RH, Epema AH, Rietman GW, van Oeveren W, Navis
GJ et al. Effect of dexamethasone on perioperative renal function impair-
ment during cardiac surgery with cardiopulmonary bypass. Br J Anaesth
2004;93:793–8.

[10] Moat NE, Shore DF, Evans TW. Organ dysfunction and cardiopulmonary
bypass: the role of complement and complement regulatory proteins.
Eur J Cardiothorac Surg 1993;7:563–73.

[11] Roach GW, Kanchuger M, Mangano CM, Newman M, Nussmeier N,
Wolman R. Adverse cerebral outcomes after coronary bypass surgery:
multicenter study of Perioperative Ischemia Research Group and the
Ischemia Research and Education Foundation Investigators. N Engl J
Med 1996;335:1857–63.

[12] Zanardo G, Michielon P, Paccagnella A, Rosi P, Calo M, Salandin V et al.
Acute renal failure in the patient undergoing cardiac operation.
Prevalence, mortality rate, and main risk factors. J Thorac Cardiovasc
Surg 1994;107:1489–95.

[13] Talmor M, Hydo L, Barie PS. Relationship of systemic inflammatory re-
sponse syndrome to organ dysfunction, length of stay, and mortality in
critical surgical illness: effect of intensive care unit resuscitation. Arch
Surg 1999;134:81–7.

[14] Whitlock RP, Chan S, Devereaux PJ, Sun J, Rubens FD, Thorlund K et al.
Clinical benefit of steroids use in patients undergoing cardiopulmonary
bypass: a meta-analysis of randomized trials. Eur Heart J 2008;29:
2592–600.

[15] Ho KM, Tan JA. Benefits and risks of corticosteroids prophylaxis in adult
cardiac surgery; a dose-response meta-analysis. Circulation 2009;119:
1853–66.

[16] Hill GE. Cardiopulmonary bypass-induced inflammation: is it important?
J Cardiothorac Vasc Anesth 1998;12:21–5.

[17] Mayumi H, Zhang QW, Nakashima A, Masuda M, Kohno H, Kawachi Y
et al. Synergistic immunosuppression caused by high-dose methylpred-
nisolone and cardiopulmonary bypass. Ann Thorac Surg 1997;63:
129–37.

[18] Tassani P, Richter JA, Barankay A, Braun SL, Haehnel C, Spaeth P et al.
Does high-dose methylprednisolone in aprotinin-treated patients at-
tenuate the systemic inflammatory response during coronary artery
bypass grafting procedures? J Cardiothorac Vasc Anesth 1999;13:
165–72.

[19] Dieleman JM, van Paassen J, van Dijk D, Arbous MS, Kalkman CJ,
Vandenbroucke JP et al. Prophylactic corticosteroids for cardiopulmon-
ary bypass in adults. Cochrane Database Syst Rev 2011;5: doi:
10.1002/14651858.CD005566.pub3.

[20] Whitlock R, Devereaux P, Teoh KH, Lamy A, Vincent J, Pogue J et al.
Methylprednisolone in patients undergoing cardiopulmonary bypass
(SIRS): a randomised, double-blind, placebo-controlled trial. Lancet
2015;386:1243–53.

[21] Dieleman JM, Nierich AP, Rosseel PM, van der Maaten JM, Hofland J,
Diephuis JC et al. Intraoperative high-dose dexamethasone for cardiac
surgery: a randomized controlled trial. JAMA 2012;308:1761–7.

[22] Abbaszadeh M, Khan ZH, Mehrani F, Jahanmehr H. Perioperative intra-
venous corticosteroids reduce incidence of atrial fibrillation following

626 K.T. Ng et al. / European Journal of Cardio-Thoracic Surgery

D
ow

nloaded from
 https://academ

ic.oup.com
/ejcts/article/57/4/620/5714935 by U

niversiteit Leiden / LU
M

C
 user on 30 Septem

ber 2022

https://academic.oup.com/ejcts/article-lookup/doi/10.1093/ejcts/ezz325#supplementary-data


cardiac surgery: a randomized study. Rev Bras Cir Cardiovasc 2012;27:
18–23.

[23] Al-Shawabkeh Z, Al-Nawaesah K, Anzeh R, Al-Odwan H, Al-Rawashdeh
WAB, Altaani H. Use of short-term steroids in the prophylaxis of atrial
fibrillation after cardiac surgery. J Saudi Heart Assoc 2017;29:23–9.

[24] Demir T, Ergenoglu M, Demir HB, Tanrikulu N, Sahin M, Gok E et al.
Pretreatment with methylprednisolone improves myocardial protection
during on-pump coronary artery bypass surgery. Heart Surg Forum
2015;18:171–7.

[25] Lomivorotov VV, Efremov SM, Kalinichenko AP, Kornilov IA, Knazkova
LG, Chernyavskiy AM et al. Methylprednisolone use is associated with
endothelial cell activation following cardiac surgery. Heart Lung 2013;22:
25–30.

[26] Mardani D, Bigdelian H. The effect of dexamethasone prophylaxis on
postoperative delirium after cardiac surgery: a randomized trial. J Res
Med Sci 2012;17:S113–19.

[27] Murphy GS, Sherwani SS, Szokol JW, Avram MJ, Greenberg SB, Patel KM
et al. Small-dose dexamethasone improves quality of recovery scores
after elective cardiac surgery: a randomized, double-blind, placebo-con-
trolled study. J Cardiothorac Vasc Anesth 2011;25:950–60.

[28] Higgins JPT, Green S (eds). Cochrane Handbook for Systematic Reviews
of Interventions. Version 5.1.0 [Updated March 2011]. The Cochrane
Collaboration, 2011. https://training.cochrane.org/handbook (31 March
2019, date last accessed).

[29] Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M et al.
Preferred reporting items for systematic review and meta-analysis proto-
cols (PRISMA-P) 2015. BMJ 2015;349:g7647.

[30] The Cochrane Collaboration. Review Manager (RevMan) [Computer
Program]. Version 5.3. Copenhagen: The Nordic Cochrane Centre, 2014.

[31] Sweeting MJ, Sutton AJ, Lambert PC. What to add nothing? Use and
avoidance of continuity corrections in meta-analysis of sparse data. Stat
Med 2004;23:1351–75.

[32] Royse CF, Saager L, Whitlock R, Ou-Young J, Royse A, Vincent J et al.
Impact of methylprednisolone on postoperative quality of recovery and
delirium in the steroids in cardiac surgery trial: a randomized, double-
blind, placebo-controlled substudy. Anesthesiology 2017;126:223–33.

[33] Thorlund K, Engstrom J, Wetterslev J, Brok J, Imberger G, Gluud C. User
Manual for Trial Sequential Analysis (TSA). Copenhagen Trial Unit, 2017.
http://www.ctu.dk/tools-and-links/trial-sequential-analysis.aspx (23
February 2019, date last accessed).

[34] Bouchez S. Influence of Corticoids on Renal Function in Cardiac Surgery.
ClinicalTrials.gov, 2009. https://clinicaltrials.gov/ct2/show/NCT00879931
(1 April 2019, date last accessed).

[35] Myles PS, Wallace SK. Dexamethasone for Cardiac Surgery-II Trial
(DECS-II). ClinicalTrials.gov, 2016. https://clinicaltrials.gov/ct2/show/
NCT03002259 (1 April 2019, date last accessed).

[36] Celik JB, Gormus N, Okesli S, Gormus ZI, Solak H. Methylprednisolone
prevents inflammatory reaction occurring during cardiopulmonary by-
pass: effects on TNF-alpha, IL-6, IL-8, IL-10. Perfusion 2004;19:185–91.

[37] Halvorsen P, Raeder J, White PF, Almdahl SM, Nordstrand K, Saatvedt K
et al. The effect of dexamethasone on side effects after coronary revas-
cularization procedures. Anesth Analg 2003;96:1578–83.

[38] Kilger E, Weis F, Briegel J, Frey L, Goetz AE, Reuter D et al. Stress doses of
hydrocortisone reduce severe systemic inflammatory response syn-
drome and improve early outcome in a risk group of patients after car-
diac surgery. Crit Care Med 2003;31:1068–74.

[39] Fillinger MP, Rassias AJ, Guyre PM, Sanders JH, Beach M, Pahl J et al.
Glucocorticoid effects on the inflammatory and clinical responses to car-
diac surgery. J Cardiothorac Vasc Anesth 2002;16:163–9.

[40] Giomarelli P, Scolletta S, Borrelli E, Biagioli B. Myocardial and lung injury
after cardiopulmonary bypass: role of interleukin (IL)-10. Ann Thorac
Surg 2003;76:117–23.

[41] Oliver WC Jr, Nuttall GA, Orszulak TA, Bamlet WR, Abel MD, Ereth MH
et al. Hemofiltration but not steroids results in earlier tracheal extubation
following cardiopulmonary bypass: a prospective, randomized double-
blind trial. Anesthesiology 2004;101:327–39.

[42] Morariu AM, Loef BG, Aarts LP, Rietman GW, Rakhorst G, van Oeveren
W et al. Dexamethasone: benefit and prejudice for patients undergoing
on-pump coronary artery bypass grafting: a study on myocardial, pul-
monary, renal, intestinal, and hepatic injury. Chest 2005;128:2677–87.

[43] Sano T, Morita S, Masuda M, Yasui H. Minor infection encouraged by
steroid administration during cardiac surgery. Asian Cardiovasc Thorac
Ann 2006;14:505–10.

[44] Yared JP, Bakri MH, Erzurum SC, Moravec CS, Laskowski DM, Van
Wagoner DR et al. Effect of dexamethasone on atrial fibrillation after

cardiac surgery: prospective, randomized, double-blind, placebo-con-
trolled trial. J Cardiothorac Vasc Anesth 2007;21:68–75.

[45] Halonen J, Halonen P, Jarvinen O, Taskinen P, Auvinen T, Tarkka M et al.
Corticosteroids for the prevention of atrial fibrillation after cardiac sur-
gery: a randomized controlled trial. JAMA 2007;29:1562–7.

[46] Harig F, Feyrer R, Mahmoud FO, Blum U, von der Emde J. Reducing the
post-pump syndrome by using heparin-coated circuits, steroids, or
aprotinin. Thorac Cardiovasc Surg 1999;47:111–18.

[47] Kilger E, Weis F, Briegel J. Einfluss von Hydrocortison auf die Klinische
Entwicklung bei Operationen mit Herz-Lung-Maschine. J Anästh 2003;
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