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The Inflammatory Response to Cardiac Surgery With Cardiopulmonary Bypass:
Should Steroid Prophylaxis Be Routine?
John G.T. Augoustides, MD, FAHA, FASE
Cardiac surgery with cardiopulmonary bypass (CPB) trig-

gers a vigorous systemic inflammatory response character-

ized by early and late phases involving both the humoral and

cellular pathways. Steroids dampen the immune response

to CPB in a multimodal fashion. Perioperative steroid pro-

phylaxis offers the possibility to manipulate the inflamma-

tory response to CPB for outcome benefit. In adult cardiac

surgery with CPB, steroids have been rigorously evaluated

in multiple randomized clinical trials and meta-analyses. In

summary, steroid therapy in this setting can significantly

reduce perioperative morbidity. Although the outcome ben-

efits of steroids in adult cardiac surgery with CPB are appar-

ent, multicenter large randomized trials are in progress to

determine whether these agents should become a routine

component of an anti-inflammatory approach to optimize

clinical outcome. The current application of steroids in adult

CPB is highly variable, with the highest use likely in high-risk

settings such as deep hypothermic circulatory arrest. In pe-

diatric cardiac surgery with CPB, steroids are widely used
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Recent multicenter observational trials have paved the way

for larger more definitive randomized trials targeted to high-

risk pediatric CPB including the neonatal period. In conclu-

sion, steroids offer significant potential to improve mean-

ingful clinical outcomes after cardiac surgery with CPB. The

results of 2 landmark multicenter randomized trials in adult

CPB likely will determine whether steroids should become

routine therapy in this setting. It is likely that similar multi-

center trials in pediatric CPB will be launched in the near

future.

© 2012 Elsevier Inc. All rights reserved.
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Dexamethasone for Cardiac Surgery trial, Steroids In CaR-
despite a limited evidence base compared with adult CPB. diac Surgery trial
CARDIAC SURGERY with cardiopulmonary bypass (CPB)
triggers a vigorous systemic inflammatory response. This

et of inflammatory cascades is characterized by early and late
hases that involve both the humoral and cellular pathways.
he details of this inflammatory activation are reviewed in the
rst section of this article as a platform for understanding the
ampening effects of steroids on the immune response to CPB.
he perioperative management of the inflammatory response to
PB is important because it can improve organ protection and

he consequent clinical outcomes after cardiac surgery with
PB in both adults and children.
In adult cardiac surgery with CPB, steroids have been evaluated

igorously in multiple randomized clinical trials and meta-analy-
es. The results from these trials are discussed in detail in the
econd section of this article. In summary, steroid therapy in this
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etting can significantly reduce perioperative morbidity. Although
he outcome benefits of steroids in adult cardiac surgery with CPB
re apparent, multicenter large randomized trials are in progress to
etermine whether these agents should become a routine compo-
ent of an anti-inflammatory approach to optimize clinical out-
ome. The current application of steroids in adult CPB is highly
ariable, with the highest use likely in high-risk settings such as
eep hypothermic circulatory arrest.

In pediatric cardiac surgery with CPB, steroids are used
idely despite a limited evidence base compared with adult
PB. Recent trials have paved the way for larger more defin-

tive randomized trials targeted to high-risk pediatric CPB
ncluding the neonatal period. The recent evidence for steroids in
ediatric CPB is reviewed in the third section of this article. In
onclusion, the current state-of the-art techniques are summa-
ized with conclusions drawn when possible.

STEROIDS AND THE INFLAMMATORY RESPONSE TO CPB

Inflammation is a tissue response to protect itself from harm,
with activation of both the humoral and cellular inflammatory
pathways. Cardiac surgery with CPB disrupts the array of
homeostatic mechanisms to generate a systemic inflammatory
response syndrome (SIRS).1-3 If SIRS is not contained, it may
progress to clinically relevant organ dysfunction with conse-
quent perioperative morbidity and even mortality.2,3 This in-

flammatory response to CPB typically has an early and late
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953INFLAMMATORY RESPONSE TO CARDIAC SURGERY
phase. The early phase is characterized by the contact of blood
with nonendothelialized surfaces. The late phase is character-
ized by ischemia/reperfusion and endotoxemia. Each phase in
CPB-induced SIRS has a set of specific components that merits
further discussion. This phase-specific discussion is followed
by a review of the effects of steroids on the early and late
phases of the inflammatory response to CPB.

The Early Phase of the Inflammatory Response to
CPB

The early phase of SIRS caused by CPB results from contact
activation of the blood elements because of exposure to the
CPB circuit. Contact activation is characterized by a humoral
and a cellular response. The humoral response involves the
activation of 5 plasma protein systems, namely the contact
system, the intrinsic coagulation cascade, the extrinsic coagu-
lation cascade, the fibrinolytic system, and complement.3-5 The
cellular response involves the activation of 5 cell groups,
namely endothelial cells, neutrophils, monocytes, lymphocytes,
and platelets.3-5

Activation of the contact protein cascade generates activated
factor XII, which has 3 important consequences: activation of
the intrinsic coagulation system, bradykinin release, and kal-
likrein formation. Bradykinin causes vasodilation and nonvas-
cular smooth muscle contraction. Kallikrein has multiple
widespread effects, including neutrophil activation and aug-
mentation of fibrinolysis.5 The extrinsic coagulation system is
rincipally triggered by vessel trauma during cardiac surgery.
he net result of the activated coagulation cascades is the
eneration of thrombin, which plays a prominent role in the
esponse to CPB, including platelet activation and the stimula-
ion of fibrinolysis.2 Complement activation takes place prin-

cipally by means of the alternate pathway.3 The activated
complement cascade causes capillary permeability, vasodila-
tion, and activation of neutrophils and platelets.

Activation of the vascular endothelium is secondary to its
contact with blood-borne agonists such as thrombin, comple-
ment proteins, and leukocyte-derived cytokines such as inter-
leukins and tumor necrosis factor. Leukocyte activation during
CPB is induced by multiple mechanisms including kallikrein
and complement activation.1-5 Neutrophil activation occurs
most rapidly, followed by a slower activation over hours of
monocytes and lymphocytes. The factors that trigger platelet
activation during CPB include tissue trauma, CPB circuit ad-
hesion, hypothermia, complement proteins, leukotrienes de-
rived from activated neutrophils, plasmin, and thrombin.3-6

The Late Phase of the Inflammatory Response to
CPB

The early phase of the inflammatory response wanes with
increasing CPB duration because protein adsorption renders the
CPB circuit more biocompatible to reduce the contact activa-
tion of blood. The late phase of CPB-induced SIRS then takes
effect because of 2 major processes: the reperfusion of isch-
emic tissue and the release of endotoxins from intestinal mi-
croflora.3 Reperfusion of the ischemic myocardium after un-
clamping of the ascending aorta during CPB results in an

inflammatory reaction characterized by endothelial injury, neu-
trophil activation, interleukin release, and activation of the
complement and coagulation protein cascades.7,8 Because the
pecialized CPB technique of deep hypothermic circulatory
rrest involves multiple ischemic vascular territories, the in-
ammatory response is even greater during reperfusion.8

Endotoxin is a lipopolysaccharide derived from the cell wall
of intestinal gram-negative bacteria and is a potent trigger of
SIRS.9 Endotoxemia during cardiac surgery with CPB occurs
mainly because of enteric mucosal ischemia that allows trans-
location of bacterial products.10,11 Endotoxin triggers the in-
flammatory response during CPB by multiple processes includ-
ing the activation of the complement and the release of
proinflammatory cytokines.

The Effects of Steroids on the Inflammatory
Response to CPB

The effects of steroid therapy to attenuate SIRS caused by
CPB have been documented in multiple studies for more than
20 years.12,13 Steroids significantly attenuate the CPB-induced
urges in proinflammatory mediators such as interleukin-1,
nterleukin-6, interleukin-8, tumor necrosis factor, leukotrienes,
nd endotoxin.11-13 Furthermore, steroid exposure significantly
ugments the surge in anti-inflammatory mediators during CPB
uch as interleukin-4 and interleukin-10.12-15 Steroid therapy
as also been shown in multiple studies to attenuate comple-
ent and leukocyte activation.12,13

It is important to note that the clinical significance of the
suppression of SIRS caused by CPB may also depend on
patient age, with at least 1 recent study suggesting that the
inflammatory response to CPB in infants may not necessarily
contribute substantially to perioperative morbidity.16 Further
rials are indicated to explore the modulating effects of periop-
rative factors in SIRS caused by CPB such as extremes of age,
enetic polymorphisms, baseline organ dysfunction, and pro-
edural complexity. Furthermore, the effects of steroids in
IRS caused by CPB could be further clarified in future trials
ith respect to steroid type, dose, and optimal dosing regimen.
Steroids suppress the inflammatory response to CPB both in

he early and late phases. The burning question is whether this
uppression of SIRS during CPB significantly improves mean-
ngful perioperative outcomes. The current evidence concern-
ng this question is now reviewed for both adult and pediatric
ardiac surgery with CPB to assess whether steroid therapy in
hese settings has clinical significance.

STEROIDS AND OUTCOME AFTER ADULT CARDIAC
SURGERY WITH CPB

The Status of the Current Evidence

Although there have been multiple randomized clinical trials
examining outcomes in this setting, they have been limited by
design issues such as surrogate endpoints, sample size, dosage
selection, clinical confounders, and the lack of safety data.17-19

In an effort to minimize these limitations, these trials recently
have been pooled in a series of 5 meta-analyses.20-24

In the first meta-analysis (N � 3,205: 44 randomized trials),
steroid exposure significantly reduced atrial fibrillation (rela-
tive risk � 0.71; 95% confidence interval, 0.59-0.87), periop-

erative bleeding (weighted mean difference � �99.6 mL; 95%
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954 JOHN G.T. AUGOUSTIDES
confidence interval, �149.9 to �49.3), and the stay in the
ntensive care unit (weighted mean difference � �0.23 days;
5% confidence interval �0.40 to �0.07).20 Furthermore, al-

though there was also a trend toward reduced mortality (rela-
tive risk � 0.73; 95% confidence interval, 0.45-1.18), there
were no adverse events associated with steroid exposure.20 The
econd meta-analysis (N � 3,323: 50 randomized trials)
howed that a steroid dose below 1,000 mg of hydrocortisone
ignificantly decreased the risk of atrial fibrillation (relative
isk � 0.74; 95% confidence interval, 0.63-0.86; p � 0.01), the
ength of intensive care unit stay (weighted mean difference �

0.37 days; 95% confidence interval, �0.21 to �0.52; p �
0.01), and the length of hospital stay (weighted mean difference �
�0.66 days; 95% confidence interval, �0.77 to �1.25; p �
.03).21 Furthermore, steroid exposure significantly increased the

risk of perioperative hyperglycemia requiring insulin therapy (rel-
ative risk � 1.49; 95% confidence interval, 1.11-2.01; p � 0.01)
with no increased risk of infection (relative risk � 0.93; 95%
confidence interval, 0.61-1.41; p � 0.73).21

The third meta-analysis pooled randomized double-blind tri-
als (N � 1,974: 31 trials).22 There was significant variation in
teroid regimens across the included trials as follows: methyl-
rednisolone (51.4%), dexamethasone (34.3%), hydrocortisone
5.7%), methylprednisolone and dexamethasone (5.7%), and
rednisolone (2.9%).22 In this analysis, steroid prophylaxis

reduced atrial fibrillation (odds ratio � 0.56; 95% confidence
interval, 0.44-0.72; p � 0.0001), blood loss (mean difference �

204.2 mL; 95% confidence interval, �287.4 to �121; p �
.0001), the length of the intensive care unit stay (mean dif-
erence � �6.6 hours; 95% confidence interval, �10.5 to

�2.7; p � 0.0007), and the length of the hospital stay (mean
difference � �0.8 days; 95% confidence interval, �1.4 to
�0.2; p � 0.01).22 Steroid exposure had no significant effect on
mortality, the duration of mechanical ventilation, surgical ex-
ploration for bleeding, and infection.22 The fourth meta-analy-
sis (N � 1,046: 7 randomized trials) showed that steroid
prophylaxis significantly decreased the risk of atrial fibrillation
(odds ratio � 0.42; 95% confidence interval, 0.27-0.68; p �
.0004).23 When the analysis was limited to moderate-dose
teroid therapy (defined as 200-1,000 mg of hydrocortisone per
ay), the protective effect of steroids against atrial fibrillation in
his setting was strongest (odds ratio � 0.32; 95% confidence
nterval, 0.21-0.50; p � 0.000 01).23

The fifth and most recent meta-analysis (N � 3,615: 54
randomized trials) showed that steroid exposure had no effect
on mortality (odds ratio � 1.12; 95% confidence interval,
0.65-1.92), myocardial infarction (odds ratio � 0.95; 95%
confidence interval, 0.57-1.60), or pulmonary complications
(odds ratio � 0.83; 95% confidence interval, 0.49-1.40).24 In
this analysis, steroid therapy significantly reduced atrial fibril-
lation (odds ratio � 0.60; 95% confidence interval, 0.46-0.78)
but increased the risk of gastrointestinal bleeding (odds ratio �
2.84; 95% confidence interval, 0.40-20.36).24

The Status of Future Evidence

This recent set of meta-analyses strongly suggests that ste-
roid prophylaxis in adult cardiac surgery with CPB reduces

perioperative morbidity with a minimal risk of harm. The h
verall conclusion at this point is that this perioperative inter-
ention should be studied in large adequately powered multi-
enter trials powered to assess important clinical outcomes
estimated N: 5,000-10,000). Two such randomized controlled
rials are in progress: the SIRS (Steroids In CaRdiac Surgery)
nd the DECS (Dexamethasone for Cardiac Surgery) trials (full
etails available at http://www.clinicaltrials.gov).

The SIRS trial is a Canadian multicenter placebo-controlled
randomized trial that aims to enroll 7,500 adults undergoing
cardiac surgery with CPB. The steroid regimen is as follows:
250 mg of methylprednisolone on induction of anesthesia fol-
lowed by another 250 mg upon the initiation of CPB. The
primary outcome is mortality at 30 days. This trial was com-
menced in 2007, and, as of April 18, 2012, 2,940 patients have
been enrolled at 65 medical centers in 134 countries (Dr R.
Whitlock [principal investigator of the SIRS trial], personal
communication, April 2012). The pilot SIRS trial was pub-
lished in 2006.19 Using the same methylprednisolone regimen,
his randomized placebo-controlled trial (N � 60: single cen-
er) showed that a prophylactic low-dose steroid reduced bleed-
ng, hemodynamic instability, duration of mechanical ventila-
ion, and length of intensive care unit stay (all had p � 0.05).14

The DECS trial is a Dutch multicenter placebo-controlled
randomized trial with a targeted total enrollment of 4,500 adults
undergoing cardiac surgery with CPB. The steroid regimen
chosen for this trial was dexamethasone at a dose of 1 mg/kg
administered upon the induction of anesthesia. It should be
noted that 500 mg of methylprednisolone (the SIRS trial steroid
total dose) is equivalent to 100 mg of dexamethasone, the dose
a 222.2-lb adult would receive in the DECS trial. The primary
outcome measure is a composite of mortality, myocardial in-
farction, stroke, renal failure, and prolonged mechanical ven-
tilation (defined as �48 hours) at 30 days. This trial was
commenced in May 2006 and completed enrollment in Novem-
ber 2011. The preliminary findings of the DECS trial were
presented on April 28, 2001, in Boston, MA, at the 34th Annual
Meeting of the Society of Cardiovascular Anesthesiologists.
The definitive findings will be released after completion of the
peer-review process (Dr D. van Dijk [principal investigator of
the DECS trial], personal communication, April 2012).

The findings of these well-designed randomized trials will
likely determine the future indications for steroid prophylaxis
in adult cardiac surgery with CPB. The evidence base for
steroids in this setting has progressed steadily since 1970.12,13

The 1970s saw the publication of the first human trials with
conflicting results. The 1980s ushered in the mechanistic stud-
ies that systematically explored the effects of steroids on the
inflammatory response to CPB, with defined biochemical end-
points as described earlier.12,13 The 1990s saw the advent of the
trials that began to consider meaningful clinical outcomes,
ultimately leading to the set of 5 meta-analyses 20 years
later.20-24 The landmark multicenter SIRS and DECS trials are
n progress and should definitively address the burning ques-
ion; namely, whether steroid prophylaxis significantly im-
roves meaningful clinical outcomes after adult cardiac surgery
ith CPB. In the interim, there continues to be considerable use
f steroids in adult CPB. The review of this is based on the
urrent published literature including adult CPB with deep

ypothermic circulatory arrest.

http://www.clinicaltrials.gov


l
p
c
m
m
e
s

u
l
w
d
r
t
p
s
a
s
I
s
f

l
d

c
b
p

t
p
b
p
c

i
(
v
(
i
c
c
2

t
i
c
s

n
d
h
d
i
m
s
e
c

t

955INFLAMMATORY RESPONSE TO CARDIAC SURGERY
The Current Use of Steroids in Adult CPB

The use of steroids in adult cardiac surgery is highly variable in
procedures requiring CPB with or without deep hypothermic cir-
culatory arrest. In a recent survey of Canadian cardiac surgeons
(N � 119: 72% response rate) about the choice of prophylactic
strategy for postoperative atrial fibrillation, the penetration of
�-blockade, amiodarone, and steroids was 58%, 19%, and 1%
despite high-quality evidence.25 The investigators concluded that
arger higher-quality clinical trials are still indicated to change
ractice. In an accompanying editorial, the commentator con-
luded that the cardiac community should take atrial fibrillation
ore seriously and implement proven prophylactic strategies on a
ore systematic and routine basis.26 This lack of penetration of

ffective prophylactic strategies also was shown recently in a
urvey of cardiothoracic units across the UK.27

The 2004 American College of Cardiology/American Heart
Association guidelines for coronary artery bypass graft surgery
recommend prophylactic steroid therapy in the setting of
CPB.28 Since 2004, the evidence supporting this perioperative
intervention has only grown stronger, as discussed in the 5
recent meta-analyses.20-24 Despite this evidence base, the 2011
pdate to these guidelines did not address the role of prophy-
actic steroid therapy in coronary artery bypass graft surgery
ith CPB.29 The level of evidence supporting steroids in car-
iac surgery with CPB is level A (ie, at the level of multiple
andomized trials and meta-analyses). The recommendation for
his perioperative intervention is likely at least class II (ie,
rophylactic steroid therapy can be considered for cardiac
urgery with CPB because the clinical benefit likely outweighs
ny risks). If the results of the SIRS and DECS trials are
trongly positive, this intervention could be upgraded to a class
intervention (ie, steroid therapy for cardiac surgery with CPB
hould be implemented routinely because the clinical benefits
ar outweigh the clinical risks).

This approach to steroid prophylaxis recently has been high-
ighted as part of a multimodal perioperative approach to ad-
ress SIRS induced by CPB.30 In this multimodal strategy,

aminocaproic acid is used for the dampening of fibrinolysis,
steroids for attenuating the release of proinflammatory media-
tors, and intraoperative ultrafiltration to remove inflammatory
mediators that are produced in response to CPB.30 The authors
designed this multimodal attack on SIRS after an extensive
literature review with a chosen steroid regimen of 500 mg of
methylprednisolone administered after anesthetic induction.
This steroid dose has been shown to reduce inflammatory
biomarkers without excessive hyperglycemia.19 Although the 3
omponents of this elegant immunosuppressive design have
een evaluated individually, their synergistic perioperative im-
act has not yet been evaluated extensively in clinical trials.
In cardiac surgery with CPB and deep hypothermic circula-

ory arrest, perioperative steroid therapy is an established com-
onent of perioperative management despite a limited evidence
ase.8,31 Prophylactic steroid therapy has been shown to im-
rove cerebral protection in CPB with deep hypothermic cir-
ulatory arrest in both animal and human stuides.8-32 Consid-

erable uncertainity still exists for steroids in this high-risk
perioperative setting.33 In a survey of the Association of Car-

diac Anesthesiologists throughout the UK to assess the selec- r
tion of pharmacologic agents for cerebral protection in deep
hypothermic circulatory arrest, steroids commonly were used
despite a consensus that the supporting evidence was limited.34

Further trials are indicated in this area of adult CPB to assess
the clinical outcome effects of steroid therapy given the ongo-
ing high perioperative risk.35,36

STEROIDS AND OUTCOME AFTER PEDIATRIC CARDIAC
SURGERY WITH CPB

The evidence base related to prophylactic steroids for pedi-
atric cardiac surgery with CPB is far less extensive than in
adults. A 2007 Cochrane meta-analysis to evaluate the clinical
effects of steroids in this setting included 4 randomized trials
(N � 127).37 This meta-analysis reported weak evidence show-
ng that steroid exposure reduces peak core temperature
weighted mean difference � �0.20°C; 95% confidence inter-
al, �1.16 to 0.77), the duration of mechanical ventilation
weighted mean difference � �0.63 hours; 95% confidence
nterval, �4.02 to 2.75), and the length of stay in the intensive
are unit (weighted mean difference � �0.50 hours; 95%
onfidence interval, �1.41 to 0.41).37 The evidence after this
007 analysis will now be reviewed.
In neonatal cardiac surgery with CPB, 2 small randomized

rials recently have been published.38,39 The first trial random-
zed 20 neonates undergoing the arterial switch operation for
orrection of transposition of the great arteries to dexametha-
one (1 mg/kg, administered 4 hours before CPB) or placebo.38

In this trial, steroid exposure significantly reduced proinflam-
matory cytokines, peak troponin release, and the requirement
for perioperative dobutamine.38 The second trial randomized 76
eonates undergoing various cardiac procedures with CPB to
ouble-dose methylprednisolone (30 mg/kg administered 8
ours before CPB and then again in the CPB prime) or single-
ose methylprednisolone (30 mg/kg in the CPB prime).39 The
ncidence of low-cardiac-output syndrome, inotropic require-
ent, intensive care unit stay, and total hospital stay was

imilar between groups. Double-dose methylprednisolone therapy
xacerbated renal dysfunction as reflected by a higher serum
reatinine (p � 0.03) and postoperative diuresis (p � 0.05).39

A recent massive multicenter observational study (N �
3,180 neonates undergoing cardiac surgery with CPB: 25 cen-
ters, 2004-2008) showed a significant variation in steroid use (ie,
38% received no steroid therapy, 28% received steroid therapy on
the day of surgery only, 12% received steroid therapy only the day
before surgery, and 22% received steroid therapy the day
before and the day of surgery).40 A multivariate analysis
showed no significant mortality or length of stay benefit be-
cause of steroid exposure. The risk of perioperative infection
was higher with steroid exposure in the lower operative risk
cohorts (odds ratio � 2.6; 95% confidence interval, 1.3-5.2).40

The investigators concluded that the a large randomized trial is
required in neonatal cardiac surgery with CPB to evaluate the
clinical effects of steroid exposure in this setting.40

A similar multicenter observational study in pediatric heart
surgery with CPB (N � 46,730: 38 centers, 2003-2008)
showed no difference in mortality (odds ratio � 1.13; 95%
confidence interval, 0.98-1.30) because of steroid therapy.41 In
his important study, 54% of the cohort had exposure to ste-

oids. Furthermore, multivariate analysis was adjusted for the
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propensity score, operative risk, and medical center character-
istics. The operative risk was assessed by the Risks Adjustment
in Congenital Heart Surgery (RACHS) system.41,42 The
RACHS method has 6 categories of mortality risk, with cate-
gory 1 having the lowest risk and category 6 the highest
risk.43,44 In this contemporary analysis, steroid exposure was
ssociated significantly with an increased length of stay (least
quare mean difference � 2.18 days; 95% confidence interval,
.62-2.74), risk of infection (odds ratio � 1.27; 95% confi-
ence interval, 1.10-1.46), and insulin administration (odds
atio � 2.45; 95% confidence interval, 2.24-2.67).41 The mor-

bidity associated with steroid exposure was most significant in
RACHS categories 1 through 3.41

Based on this analysis, the clinical effects of steroids in
pediatric cardiac surgery with CPB may depend on the periop-
erative risk. A recent single-center retrospective analysis of
children (N � 221: 2004-2007) undergoing high-risk cardiac
urgery with CPB was completed.45 In this study, high-risk
ediatric cardiac surgery was defined as an Aristotle score �10
definitions and full details of this scoring system are available
t http://www.aristotleinstitute.org).46,47 Nonrandom assign-

ment of steroid exposure was accounted for with propensity
modeling. The steroid exposure rate was 61%, with a third of
this cohort receiving preoperative steroids as well. Steroid
therapy significantly reduced the chest tube output (�5.3 mL/
kg, p � 0.001), and the length of stay both in the intensive care
unit (�2.3 days, p � 0.001) and the hospital (�4.1 days, p �
0.001).45 Furthermore, additional preoperative steroid exposure
ignificantly reduced the duration of mechanical ventilation
�1.7 days v no steroids and �1.2 days v intraoperative ste-
oids, p � 0.002). This trial suggests that the benefits of

steroids in pediatric heart surgery with CPB are best detected in
the high-risk cohorts.45

Although the use of steroids in pediatric CPB is more com-
mon than in adults, it remains highly variable, as already has
been evident in recent multicenter observational trials.40,41 An
international survey of 36 pediatric centers with a cardiac
surgical volume of more than 11,000 cases per year showed
that 40% administered steroids routinely.48 Indications for ste-
oid therapy included surgeon preference, neonatal procedures,
PB time �2 hours, and CPB with deep hypothermic circula-

ory arrest. There was significant variation in steroid type,
osing, route, and timing of administration.48 A recent survey
f pediatric cardiac surgical centers in the UK and Ireland
onfirmed the widespread variations in steroid use as an anti-
nflammatory modality.49 The evidence from these trials shows

the lack of conclusive evidence to guide clinical practice and
supports the rationale for multicenter randomized trials to test
the clinical effects of steroid therapy in pediatric cardiac sur-
gery with CPB.50,51

The evidence from these recent trials clearly lays the ground-

work for larger steroid trials in pediatric CPB. A thorough

REN

ypass. Ann Thorac Surg 75:S715-S720, 2003
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eview of clinical trials registries revealed a large single-center
ouble-blind randomized neonatal steroid trial that commenced
n May 2012 (full details available at http://www.clincialtrials.
ov with trial identifier NCT01579513). The target enrollment
s 190, and the trial is scheduled for completion in June 2017.
he primary endpoint is a clinical composite of any of the

ollowing before hospital discharge: death, cardiac arrest, ex-
racorporeal membrane oxygenation, renal insufficiency (de-
ned as creatinine more than twice normal), hepatic insuffi-
iency (aminotransferases more than twice normal), and lactic
cidosis (defined as serum lactate �5 mmol/L). The selected
econdary endpoints include the duration of mechanical venti-
ation, intensive care stay, hospital length of stay, and neuro-
evelopmental outcome at 1 year. The chosen steroid regimen
or this trial is intravenous methylprednisolone as a 30-mg/kg
ose administered once during anesthetic induction. Although
ulticenter steroid trials are being planned in pediatric cardiac

urgery, currently none has been indexed in a clinical trials
egistry (comprehensive survey of global clinical trials regis-
ries last done May 1, 2012).45,46

CONCLUSIONS

Cardiac surgery with CPB triggers a vigorous systemic in-
flammatory response characterized by early and late phases
involving both humoral and cellular pathways. Steroids
dampen the immune response to CPB in a multimodal fashion.
Perioperative steroid prophylaxis offers the possibility in car-
diac surgery with CPB to improve organ protection and con-
sequent clinical outcomes in both adults and children.

In adult cardiac surgery with CPB, steroids have been eval-
uated rigorously in multiple randomized clinical trials and
meta-analyses. In summary, steroid therapy in this setting can
significantly reduce perioperative morbidity. Although the out-
come benefits of steroids in adult cardiac surgery with CPB are
apparent, multicenter large randomized trials are in progress to
determine whether these agents should become a routine com-
ponent of an anti-inflammatory approach to optimize clinical
outcome. The current application of steroids in adult CPB is
highly variable, with the highest use likely in high-risk settings
such as deep hypothermic circulatory arrest.

In pediatric cardiac surgery with CPB, steroids are used
widely despite a limited evidence base compared with adult
CPB. Recent multicenter observational trials have paved the
way for larger more definitive randomized trials targeted to
high-risk pediatric CPB, including the neonatal period. In con-
clusion, steroids offer significant potential to improve mean-
ingful clinical outcomes after cardiac surgery with CPB. The
results of 2 landmark multicenter randomized trials in adult
CPB likely will determine whether steroids should become routine
therapy in this setting. It is likely that similar multicenter trials in

pediatric CPB will be launched in the near future.
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