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Abstract

Purpose of Review Cardiopulmonary bypass for on-pump cardiac surgery induces a systemic inflammation that may contribute
to postoperative major complications. To reduce this inflammatory response in patients undergoing heart surgery, the perioper-
ative use of anti-inflammatory corticosteroids has long been recommended to improve clinical outcomes. However, the efficacy
and safety of steroids remain still unclear.

Recent Findings We reviewed recent published literature, including the large clinical trials DECS and SIRS and the two meta-
analysis by Dvimik et al. (2018) and Ng et al. (2020), on mortality and major postoperative complications, such as myocardial
complications, atrial fibrillation, stroke, pulmonary adverse events, length of ICU and hospital stay, renal failure, and infection.
Summary The perioperative application of corticosteroids did not improve mortality rates beyond standard care or other sec-
ondary outcomes, such as myocardial infarction, stroke, renal failure, and infection. The observed increased risk of myocardial
damage in patients receiving corticosteroids in the SIRS trial is mainly related to the author-defined CK-MB threshold as
indicator for early myocardial injury. Interestingly, the use of steroids may have some beneficial effects on secondary outcomes:
they significantly decreased the risk of respiratory failure and pneumonia and shortened the length of ICU and hospital stay, but
the mechanism involved in pulmonary injury is multifactorial and it is difficult to evaluate this result. Patients receiving steroids
did not have a decreased incidence of atrial fibrillation shown by the two large trials unlike some previous small sample size trials
have demonstrated.
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Introduction

Cardiopulmonary bypass (CPB) during heart surgeries has
been one of the greatest achievements since the 1950s and
has become a fundamental part of the modern cardiac surgery.
Despite relevant improvements in surgical procedures, anes-
thesia management, and postoperative care, the risk of major
adverse events still persists in patients undergoing heart sur-
gery [1, 2]. One of the major complications is the systemic
inflammatory response to cardiopulmonary bypass [3—5]. The
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exposure to foreign surfaces, non-physiologic blood flow, and
hypothermia during CPB induces an inflammatory immune
response, including the release of tumor necrosis factor
(TNF)-« and interleukin (IL)-6 [6, 7]. This complex inflam-
matory reaction may be responsible for postoperative compli-
cations, such as hypotension, organ dysfunction, and intersti-
tial damage [8, 9]. Therefore, the perioperative use of cortico-
steroids, which are well-known to have anti-inflammatory ef-
fects, seems reasonable to diminish overshooting immune re-
sponses during CPB. Corticosteroids prevent migration of in-
flammatory immune cells into the circulation, reduce the re-
lease of intracellular cytokines, and decrease vascular perme-
ability. However, there is still limited evidence of improving
the individual clinical outcome in adults after cardiac surgery.
The systematic review and meta-analysis published in 2020
by Ng et al. could not show a beneficial effect on mortality
rates by the perioperative administration of corticosteroids
[10]. These findings support the recommendation of the
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2019 EACTS Guidelines on Cardiopulmonary Bypass in
Adult Cardiac Surgery where the routine use of prophylactic
corticosteroids is not recommended for adults during cardiac
surgery using CPB (Class of Recommendation III, Level of
Evidence A) [11, 12]. Besides their beneficial anti-
inflammatory effect, corticosteroids can induce hyperglyce-
mia, which impairs wound healing, higher rates on postoper-
ative infections, gastrointestinal bleedings, and renal dysfunc-
tion. As a result, corticosteroid administration during cardiac
surgery is still under discussion and an analysis of mortality
and morbidity is required. A recently published survey by
Akhtar et al. showed that 18% of European and non-
European cardiothoracic anesthesiologists still routinely used
steroids in their perioperative setting [13]. To clarify the evi-
dence of efficacy and safety, this review will summarize the
effects of corticosteroids on mortality, myocardial injury, atri-
al fibrillation, stroke, pulmonary complications, length of ICU
and hospital stay, renal failure, and infections in adults under-
going cardiac surgery.

Mortality and Myocardial Injury

Pooled data of 16,000 and 14,700 patients, respectively, re-
vealed no significant effect on mortality regarding the adminis-
tration of perioperative corticosteroids shown by the two recent
meta-anaylsis by Dvirnik et al. (2018) and Ng et al. (2020) [10e,
14+]. However, both authors did not exclude the possibility that
there may be a beneficial effect of corticosteroids that did not
achieve statistical significance [10e, 14¢]. Prior published meta-
analysis of corticosteroids reducing mortality rates pointed in
that direction but included studies with smaller sample sizes
[15, 16]. The ongoing research and discussion is mainly influ-
enced by two large randomized clinical trials (RCTs):
Dexamethasone for Cardiac Surgery (DECS trial) published
in 2012 by Dieleman et al. [17¢¢] and Steroids In caRdiac
Surgery (SIRS trial) by Whitlock and colleagues in 2015
[18e¢]. In SIRS, 7507 patients undergoing cardiac surgery from
80 hospitals across 18 countries were randomly assigned to be
treated with intravenous methylprednisolone 250 mg at anes-
thetic induction and 250 mg at the beginning of the cardiopul-
monary bypass (n = 3755) or placebo (n = 3750). The second
large trial (DECS) treated 2239 patients with high-dose dexa-
methasone (1 mg/kg, max. 100 mg) or placebo (n = 2255).
Although the mortality rate was higher in patients recruited to
the SIRS trial (death within 30 days: 154 steroid (4%) vs. 177
(5%) placebo patients) in comparison to the DECS trial (1.4%
steroid vs. 1.5% placebo group), no significant benefit from
perioperative corticosteroids on mortality rate could be investi-
gated [17¢e, 18+¢]. The major difference between the two trials
are the results on myocardial complications. While the DECS
trial showed no differences in the onset of myocardial infarction
(1.6% steroid vs. 1.7% placebo group), the SIRS trial

demonstrated that steroids significantly increased the risk of
myocardial injury as part of the composite primary outcome
(13% steroids vs. 11% placebo, p = 0.002). The observed rise
of myocardial adverse events in patients receiving steroids
might simply be related to biochemical measurements: the
SIRS trial differentiated between early perioperative myocardi-
al injury (within 72 h) defined as a rise in CK-MB mass or
activity, angiographic occlusion of coronary artery, or imaging
evidence of new loss of viable myocardium, and late perioper-
ative myocardial injury (later than 72 h) with the presence of
ECG changes and elevated cardiac markers (troponin or CK-
MB). These diagnostic criteria were derived from a masked
analysis of the first 7000 patients to establish a prognostically
relevant postoperative CK-MB threshold according to the
method developed by Mazumdar and colleagues [19].
However, the DECS trial defined myocardial infarction accord-
ing to the criteria of the Universal Definition of Myocardial
Infarction [20] as a rise of cardiac biomarkers (preferably tro-
ponin) together with symptoms of ischemia, ECG changes,
imaging of new loss a viable myocard, or new regional wall
motion abnormalities. As a matter of fact, since heart surgery is
always associated with myocyte damage from the surgical trau-
ma and the period of ischemia despite the use of cardioplegia,
the definition of myocardial damage is challenging, but the rise
of routinely measured CK-MB levels as a sole criterium for
early myocardial injury might not be sufficiently specific
enough to derive the definition of myocardial injury from it.
Indeed, the increased risk of myocardial injury with steroids
was only reported in early myocardial events (< 72 h) that were
non-Q-wave infarctions (RR 1.24, 1.09—-1.41), while the inci-
dence of late myocardial injury (> 72 h) did not differ between
patients receiving methylprednisolone and placebo, respective-
ly (RR 0.87; 95% CI 0.49—-1.57) [18e¢]. These results defining
myocardial damage as the presence of ECG changes coincide
with the findings of the DECS trial that the use of steroids did
not increase the risk of myocardial infarction. So far, Whitlock
et al. concluded that the DECS trial probably missed some
asymptomatic myocardial injuries that where masked by anal-
gesic medications [18e¢], since only 74 myocardial infarctions
were reported (1.7%) in the DECS trial versus 885 myocardial
injuries in the SIRS trial (12%), but with consideration of only
Q-wave infarctions the distribution with 45 (SIRS trial) and 74
patients (DECS trial) were comparable. Furthermore, the com-
bination of the post-hoc analysis on the incidence of myocardial
infarction (defined as the presence of new Q-waves) in the
SIRS trial and the sub-analysis of the remaining studies by
the meta-analysis of Ng and coworkers revealed no significant
increase in myocardial adverse events between the corticoste-
roid and placebo group (OR 0.90, 95% CI 0.70-1.16; partici-
pants = 14 512, studies = 23) [10¢]. The underlying reason for
the different outcomes of myocardial adverse events might be
related to the used criteria: the SIRS trial defined with the rise of
CK-MB levels a myocardial injury, while the DECS trial using
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the Universal Definition of Myocardial Infarction defined a
myocardial infarction. The clinical relevance and consequence
of the detected increase of myocardial injury by the SIRS trial
remain unclear, since the mortality rate is equal between the
steroid and the placebo group. Future studies should highlight
the mechanism of myocardial damage associated with the use
of corticosteroids at the time of cardiac surgery with a precise
definition of myocardial infarction and injury.

Atrial Fibrillation and Stroke

The incidence of postoperative atrial fibrillation ranging from 11
to 35% is still a frequent and a serious complication after cardiac
surgery [21, 22], since it is associated with an increased risk for
stroke [23] and higher mortality rates [24]. It has previously been
hypothesized that the inflammatory response induced by cardio-
pulmonary bypass and surgical damage causes new atrial fibril-
lation [25, 26]. Regarding corticosteroids, there is no clear evi-
dence that the perioperative use significantly reduces the inci-
dence of new atrial fibrillation. The large studies SIRS and
DECS, including almost 12,000 patients, did not show a signif-
icant difference between the steroid and the placebo group re-
garding the onset of atrial fibrillation [17e¢, 18e¢]. However, the
recent meta-analysis of Ng et al. concluded that steroids reduced
the risk of atrial fibrillation (OR 0.87, 95% CI 0.81-0.94; partic-
ipants = 14 148, studies = 24) [10+]. Interestingly, the authors
investigated a treatment-by-dosage interaction of corticosteroids
in a subgroup analysis (n = 924, 6 trials) [25-29]: favoring low-
(total dose < 1 g of hydrocortisone-equivalent) over high-dose
(total dose > 1 g of hydrocortisone-equivalent) corticosteroids (p
= 0.001), i.e., the two large trials using both high-dose
corticocosteroids (1 mg/kg dexamethasone and 500 mg prednis-
olone, respectively) might have dismissed the optimum dosage
to achieve beneficial effects on atrial fibrillation. However, since
the significant decrease of atrial fibrillation is mainly caused by
previous small sample size trials (ranging from 57 to 241 partic-
ipants) [25-30] with issues regarding double-blinding, randomi-
zation, and adequate follow-up and the recently published large
trials do not show any differences with steroids [17¢e, 18¢], we
assume that the incidence of new atrial fibrillation might not be
altered by the perioperative use of corticosteroids.

In accordance, the incidence of postoperative stroke with
1.3% versus 1.4% in the DECS and 2% in the SIRS trial were
not altered by the perioperative use of steroids.

Pulmonary Complications and Length of ICU
and Hospital Stay
Respiratory failure is a severe postoperative complication in pa-

tients after cardiac surgery. It has been hypothesized that the
perioperative use of corticosteroids may improve pulmonary
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gas exchange by reducing the increase of inflammatory markers
[31]. In both trials (DECS and SIRS), respiratory failure was
defined as postoperative mechanical ventilation for an uninter-
rupted period exceeding 48 h. In the DECS trial, only 67 patients
(3.0%) compared with 97 patients (4.3%) in the placebo group
experienced respiratory failure, indicating that the risk of respi-
ratory failure is significantly reduced by steroids (RR 0.69; 95%
CI 0.51-0.94; p = 0.02). In addition, the perioperative adminis-
tration of steroids significantly decreased the average time of
ventilation from 14.3 to 11.0 h (p < 0.001) [17¢]. These im-
proved pulmonary conditions might cause the earlier discharge
from the intensive care unit and a shortened hospital stay which
was found by the meta-analysis of Dvirnik et al. and Ng et al.
[10e, 14<]. However, these positive effects are inconsistent with
the results reported by the SIRS trial: the incidence of respiratory
failure and stay at the intensive care unit and hospital did not
differ between the methylprednisolone and placebo group.
Comparable numbers of patients 343 (9%) receiving steroids
versus 375 (10%) placebo patients suffered from respiratory fail-
ure (RR 0.91) [18e¢]. Other clinical trials (n = 50-125 patients)
with the application of medium dose steroids did not show a
significant difference in times of assisted breathing after surgery
[32-34], but the postoperative oxygenation index at 12 and 24 h
were significantly improved [34]. In strong contrast to that,
Chaney et al. investigated even a significiantly longer period of
ventilation time of 2 h with the perioperative use of steroids (12.8
with steroids vs. 10.1 h in mean in placebo patients, p = 0.05)
[31]. In addition, in 2009, the meta-analysis by Ho and col-
leagues demonstrated that high-dose corticosteroids were associ-
ated with prolonged intubation of 2.1 h (95% CI 1.76-2.52; p <
0.01) [15]. These opposing results of ventilation times with the
use of perioperative corticosteroids in adults undergoing cardiac
surgery clearly highlight the importance of future trials.
Interestingly, the DECS trial investigated that postoperative
pneumonia in the treatment group was reduced from 10.6 to
6% (RR 0.56; 95% CI 0.46-0.69; p = 0.001). This result is
particularly exciting, since in a study evaluating the impact of
pneumonia, affected patients had a significantly higher hospital
mortality rate (28% with pneumonia vs. 6.2% matched controls,
p < 0.0001) and a higher mortality at the end of follow-up (53%
vs. 19%, p < 0.0001) [35]. Unfortunately, the data of pneumonia
lack in the SIRS trial, since they are not separately shown. Ng
et al. concluded in their recent published meta-analysis that the
incidence of pulmonary adverse events were significantly re-
duced in patients receiving perioperative steroids in comparison
to placebo (OR 0.86, 95% CI 0.75-0.98; participants = 13 426;
studies = 17 studies), but defining pulmonary adverse events as
the incidence of pulmonary edema, pleural effusion, pneumonia,
pulmonary embolism, or respiratory failure. The effects of peri-
operative corticosteroids on pulmonary complications are still
under discussion and a closer look is needed: Apart from to the
use of different steroid doses (low- versus high-dose steroids),
the definition of pulmonary adverse events in the clinical trials
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varies between the studies (24 h or 48 h of uninterrupted venti-
lation time, including or excluding the incidence of pleural effu-
sion, pulmonary edema, or pneumonia). These different defini-
tions of pulmonary complications have led to the high variance
between the results and makes it difficult to compare the data. In
addition, intraoperative and postoperative administration of an-
esthetics and analgetics are not constantly reported, but their use
are well-known to play a crucial role in length of ventilation
times [36]. The observed clinical benefit of respiratory failure
and the reduced incidence of postoperative acquired pneumonia
due to the perioperative use of corticosteroids by Dieleman et al.
(DECS trial, 2012) is promising [17¢], but the mechanism in-
volved in pulmonary injury is multifactorial and makes it diffi-
cult to evaluate this result. Alveolar ischemia and hypoxic pul-
monary vasoconstriction induced by reduced blood supply dur-
ing CPB and the surgical trauma (with or without opening the
pleura) are only two aspects that need to be considered as addi-
tional reasons for respiratory failure [37]. Further studies on re-
spiratory failure with focus on lung compliance, oxygenation
index, and ventilation perfusion ratio with strict definitions of
pulmonary adverse events and the exact knowledge about seda-
tion during intensive care and the type of surgery might clarify
the observed beneficial pulmonary outcomes.

Postoperative Infection

Since several inflammatory cytokines, including IL-6 and
TNF-«, have been measured in high concentrations after CPB
[7, 38], the use of corticosteroids as anti-inflammatory and im-
munosuppressive agents seems reasonable to diminish this in-
flammatory immune response [39]. The clinical trials DECS and
SIRS analyzed the incidence of postoperative infections and sur-
gical site infections as part of their secondary study end points.
The incidence of surgical site infections was similar in both
groups with an event rate from 1.4 (DECS trial) to 4% (SIRS
trial) [17ee, 18e¢]. Interestingly, the DECS trial found a signifi-
cantly reduced incidence of postoperative infection of 9.5% (vs.
14.8%) (RR 0.64; 95% CI 0.54-0.75; p = 0.001) in the steroid
group, but this effect was primarly related to the reduced inci-
dence of pneumonia in the dexamethasone group (6% vs. 10.6%,
p < 0.001). However, the incidence of infection did not differ
between the two groups in the SIRS trial (12% vs. 13%, RR
0.94). Dvirnik et al. found in their meta-analysis a beneficial
effect, since infection occurred in 10.3% of patients in the steroid
group, compared with 12.5% in the placebo group (RR 0.83;
95% CI 0.75-0.91; p < 0.0001), but the authors discussed their
findings as a misinterpretation of the postoperative inflammatory
response as an infection. Finally, the other meta-analysis by Ng
et al. reported a lower rate of surgical site infections [10+]. To
summarize, although there are some results that corticosteroids
can reduce infections, there is no conclusive evidence that they
truly have an impact on postoperative infections.

Renal Failure

Patients undergoing cardiac surgeries are often elderly with
multiple comorbidities. It is therefore not suprising that the
development of acute kidney injury often occur in patients
after cardiac surgeries [40, 41]. The authors of the DECS trial
defined renal failure according to the Risk-Injury-Failure-
Loss-End stage kidney disease (RIFLE) classification by the
Acute Dialysis Quality Initiative [42]. Whitlock et al. defined
new renal failure as the development of new stage III acute
kidney injury according to the Kidney Disease Improving
Global Outcomes (KDIGO) guidelines. There was no signif-
icant effect of steroids on the incidence of renal failure in the
DECS (1.3% steroid vs. 1.8% placebo group) and SIRS trials
(both 4%) [17ee, 18¢], and the recent meta-analyis [10e, 14¢].

Conclusion and Ongoing Research

The use of corticosteroids in patients undergoing cardiac surgery
with cardiopulmonary bypass has not been shown to improve
mortality rates beyond standard care [10e, 14¢]. Regarding the
fact that the risk of mortality after cardiac surgery is small (~ 4%),
recent meta-anyalsis did not achieve the required population
sample size to detect a relative risk reduction of 20% using
two-sided alpha of 5% [10e, 14¢]. Due to this lack of power,
the importance of very large trials rises to give answers regarding
therapies with low mortality rates. The observed increase of early
myocardial injury (within 72 h) by Whitlock and colleagues is
interesting, but it is primarily related to the definition of myocar-
dial injury as a rise of CK-MB mass and activity. The data were
further attenuated by the result that the incidence of Q-wave
myocardial infarction did not differ between the groups [18e¢],
which corresponded with the findings of the DECS trial [17¢¢].
The reduction of pulmonary adverse events along with earlier
discharge from the intensive care and hospital may indicate the
limited value of mortality as an outcome where the disease-
specific benefit is likely to be in other clinical outcomes [43].
Interestingly, in the DECS trial, patients younger than 65 years
had a lower risk for the primary study end point with the admin-
istration of steroids (RR 0.65; 95% CI 0.44-0.96; p = 0.03).
Death, myocardial infarction, stroke, renal, or respiratory failure
occurred in 38 patients receiving steroids versus 62 placebo pa-
tients. However, patients aged 80 years and older experienced a
relative risk of 1.69 to suffer from the primary study end point
with the use of corticosteroids (95% CI 0.92-3.10; p = 0.09)
[17¢¢]. Therefore, it has been postulated that younger patients
suffer from more intense postoperative inflammatory response
than elderly individuals after cardiac surgery [17¢¢]. The periop-
erative use of corticosteroids might contribute to the suppression
of this inflammatory response and may be especially beneficial
for patients aged younger than 65 years [17¢¢]. However, such
treatment-by-age interaction could not be observed in the SIRS
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trial [18e¢]. The ongoing DECS-II trial (NCT03002259), a 2800-
patient, multi-center, randomized trial, has been designed to ex-
amine individual outcomes, especially in younger patients (i.e., <
75 years), with a focus on inflammation-related events (such as
respiratory failure, kidney injury, sepsis, prolonged ICU, and
hospital stay) rather than thrombotic events (myocardial infarc-
tion, stroke) and is estimated to be completed in May 2022.
Although the two large studies are of high quality, had well-
defined clinical outcomes as primary and secondary end points,
and longer periods of follow-up (6 months), future studies should
highlight the impact on mortality and the benefical effect on
respiratory complications. As outlined above, a primary chal-
lenge will be the definition of myocardial injury and the associ-
ated clinical outcome.

Abbreviations CBP, Cardiopulmonary bypass; SIRS trial, Steroids In
caRdiac Surgery trial; DECS trial, Dexamethasone for Cardiac Surgery
trial; CK-MB, Creatinine kinase-myocardial band; IQR, Interquartile
range
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