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Abstract

Purpose Neonates undergoing cardiopulmonary bypass (CPB) are at a high risk of a systemic inflammatory response
leading to cardiac, respiratory, and renal dysfunction due to their small body size and insufficient adrenal stress response.
We hypothesized that corticosteroids reduce systemic inflammatory response and improve clinical outcomes in neonates
undergoing cardiac surgery with CPB.

Methods A systematic search was conducted on six databases including MEDLINE from their inceptions to August 20,
2024. Inclusion criteria were randomized controlled trials (RCTs) comparing corticosteroids and placebo in neonates under-
going cardiac surgery with CPB. The primary outcomes were IL-6 and IL-10 serum levels. The secondary outcomes were
postoperative clinical outcomes such as length of intensive care unit (ICU) stay, mortality, and incidence of acute kidney
injury. Pooled risk ratios or mean differences (MDs) and 95% confidence intervals (CIs) were calculated using random-
effects meta-analysis. Certainty of evidence were assessed following GRADE. This study was registered in PROSPERO
(CRD42024548217).

Results Seven RCTs met all inclusion criteria, consisting of 316 patients. Administration of corticosteroids significantly
decreased plasma IL-6 on POD1 (MD -64.21 pg/mL, 95% CI -118.26 to -10.16) and plasma IL.-10 on POD1 (MD — 4.60 pg/
mL, 95% CI — 8.07 to — 1.12). We confirmed corticosteroids administration did not improve clinical outcomes.
Conclusion Corticosteroids significantly reduced inflammatory cytokines on POD1. Routine prophylactic use of corticos-
teroids is not recommended even in neonatal cardiac surgery, however, because of high incidence of adrenal insufficiency
in neonates after cardiac surgery with CPB, neonates with clinically suspected adrenal insufficiency could benefit from
perioperative corticosteroids administration.
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Introduction

Congenital heart defects are the most common birth
anomalies, with moderate-to-severe variants occurring in
approximately 6 per 1000 live births. From 2010 to 2016,
approximately 70% of neonatal cardiac operations in North
America were performed under cardiopulmonary bypass
(CPB) [1, 2].

CPB is known to cause a systemic inflammatory
response due to the contact of blood with the extracor-
poreal circuit and organ reperfusion injury with bypass
discontinuation [3]. Cytokines and interleukins play
important regulatory roles in the inflammatory response,
particularly interleukin-6 (IL-6) and interleukin-8 (IL-8),
both of which are elevated following CPB [3-8] and are
associated with postoperative cardiac dysfunction, AKI,
and lung injury [3]. Interleukin-10 (IL-10) also increases
following CPB, but results in downregulation of proin-
flammatory cytokines (IL-6, IL-8) during and after CPB,
therefore suggesting a protective role [4].

Compared to older populations, CPB in neonates pre-
sents unique challenges due to their smaller body size,
which creates a relatively larger blood-circuit interface,
and the need for higher pump flow rates to meet their ele-
vated metabolic demands. These factors lead to increased
exposure of blood to the foreign surfaces of the bypass
circuit, resulting in heightened inflammation [9—11]. This
may result in an increased risk of postoperative morbidity.
For example, neonates are known to have the highest risk
for cardiac surgery-related acute kidney injury (AKI) of
all populations [12] a significant predictor of in-hospital
mortality [13].

Corticosteroid administration has been used to mini-
mize systemic inflammation during and after CPB. Com-
pared to older populations, neonates may benefit most
from corticosteroid supplementation in conditions of
high systemic inflammation since they have immature
(depressed) hypothalamic—pituitary—adrenal axis activ-
ity, resulting in insufficient cortisol production in the face
of critical injury/illness [14]. In practice, there is wide
variability in administrating of prophylactic corticoster-
oids for pediatric cardiac surgery. According to the sur-
veys conducted in 2005 and 2018, up to 70% of centers
or anesthesiologists selectively use prophylactic corticos-
teroids depending on cases [15, 16]. Although there is no
consensus on which patient group prophylactic corticos-
teroids should be directed at, their usage appears to be
higher in neonatal cardiac surgeries [15, 16]. A previous
systematic review reported that corticosteroid adminis-
tration in neonates undergoing cardiac surgery with CPB
did not impact in-hospital mortality [17]. However, it is
not known in neonates undergoing cardiac surgery with

@ Springer

CPB if corticosteroids reduce the systemic inflammatory
response, which may impact length of ICU stay and the
incidence of comorbidities such as cardiac dysfunction
requiring higher inotropic support, lung injury requiring
prolonged mechanical ventilation, and AKI.

In the current review, we hypothesized that the prophylac-
tic administration of corticosteroids during CPB in neonates
would reduce the levels of biochemical markers of systemic
inflammation, such as IL-6. We further hypothesized that
this reduction would lead to a shorter ICU stay and a lower
incidence of postoperative morbidities in neonates undergo-
ing cardiac surgery with CPB.

Methods

The protocol for the current review was registered at PROS-
PERO (CRD42024548217). The study is reported following
Preferred Reporting Items for Systematic Review and Meta-
analysis (PRISMA) [18].

Systematic literature search

A systematic literature search of Ovid Medline, Medline In-
Process/ePubs, Ovid Embase Classic + Embase, Cochrane
Central Register of Controlled Trials, Clarivate Web of Sci-
ence, and Elsevier SCOPUS was conducted on December
1, 2023 and updated on August 20, 2024 with the help of a
librarian (JC). Search terms included steroid/corticosteroid
AND CPB AND neonate. To increase the sensitivity of the
search strategy, terms related to the study design were not
used. The detailed systematic literature search strategy is
presented in Supplementary File 1.

Study selection

Title screening, abstract screening, and full text assessment
were conducted independently by two investigators (KK and
NN) using DistillerSR™ (Evidence Partners Inc., Ottawa,
ON, Canada). Disagreements were resolved by discussion
with a third reviewer (MS).

Inclusion and exclusion criteria

Inclusion criteria were: (1) neonates (<28 days old) under-
going cardiac surgery with CPB; (2) pre-, intra-, and/or
postoperative administration of corticosteroids compared
to normal saline control; (3) reported results for any of the
predefined primary or secondary study outcomes; (4) rand-
omized controlled trial (RCT) study design; and (5) full-text
publication.

Exclusion criteria were: (1) age of patients > 29 days;
(2) patients undergoing cardiac surgery without CPB; (3)
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administration of corticosteroids in the control group; (4)
control intervention other than normal saline; (5) no reported
results for any primary or secondary outcomes; (6) publica-
tion types other than full-text article RCTs; and (7) duplicate
studies.

Primary and secondary outcomes

The primary outcome was the serum levels of 11-6, IL-8,
or IL-10 during and after surgery until postoperative day 6
(POD6). The secondary outcomes were length of ICU stay,
in-hospital mortality after surgery, length of mechanical ven-
tilation until first extubation after surgery, incidence of AKI
(defined as a 50% increase in plasma creatinine levels after
surgery compared with preoperative levels [19], vasoactive
inotropic score (VIS; defined as the sum of the dose of ino-
tropes used postoperatively [20], and postoperative serum
lactate levels from arrival in ICU to POD6.

Data extraction

Data were extracted from all eligible trials independently
by two investigators (KK and NN) using a standardized
data collection form. Study characteristics extracted were
identification data (first author’s last name, year of publica-
tion, journal name, country), study setting (single or multi-
center, country of enrollment, years of study enrollment),
and whether studies reported following the Consolidated
Standard of Reporting Trials (CONSORT) statement or not
[21]. Demographic data extracted were patient age (in days),
sex, weight (in kilograms), ASA score, and Risk Adjustment
for Surgery for Congenital Heart Surgery (RACHS-1) score.
Corticosteroid treatment data extracted were steroid used
(dexamethasone, methylprednisolone, hydrocortisone), tim-
ing (preoperative, intraoperative), method (bolus, infusion),
and dose (in mg/kg and dexamethasone was converted to
equipotent dose of methylprednisolone) [22, 23]. Intraopera-
tive characteristics extracted were procedure type, anesthetic
agent, fluid volume, blood loss, transfusion requirement,
hemoglobin/hematocrit, duration of anesthesia, duration of
CPB, duration of aortic cross clamp, and duration of hypo-
thermia. Primary outcomes (levels of and timing of serum
IL-6, IL-8, and IL-10 measurements, in pg/mL) and second-
ary outcome data (length of ICU stay in days, in-hospital
mortality, length of mechanical ventilation/time until first
extubation in days, incidence of AKI, VIS, postoperative
serum lactate in mmol/dL) were extracted. When outcomes
were reported in figures only, Engauge Digitizer version 12.1
was used to digitize and extract the data [24].

Data synthesis: meta-analysis, subgroup analyses,
and sensitivity analyses

Pairwise random-effects meta-analysis models were
employed to compute mean differences (MD) with 95%
confidence intervals (CI) of intravenous corticosteroids in
comparison to normal saline for IL-6, IL-8 and IL-10 lev-
els, length of ICU stay, length of mechanical ventilation,
VIS, and lactate levels. Pairwise random-effects meta-
analysis models were also used to compute risk ratios
(RRs) with 95% CI for mortality and incidence of AKI.
Meta-analyses were performed for all outcomes (and if
applicable, timepoints) reported by at least two studies.
For each model, statistical heterogeneity was assessed
using the I? statistic, with I> = 50-74% reflecting moderate
heterogeneity and I > 75% reflecting high heterogeneity.

A subgroup analysis to examine the effect of postopera-
tive serum lactate level (>4.8 mmol/L vs. <4.8 mmol/L) on
incidence of AKI, VIS, length of mechanical ventilation,
and length of ICU stay was planned [25]. Subgroup analy-
ses for incidence of AKI were also planned based on serum
IL-6 (> 100 pg/mL vs. <100 pg/mL) and serum IL-10 levels
(>30 pg/mL vs. <30 pg/mL) [26]. For incidence of AKI,
VIS, length of mechanical ventilation, length of ICU stay,
and mortality outcomes, subgroup analysis by RACHS-1
score was also planned (>4 vs. <4) [23, 27, 28].

Sensitivity analyses for all outcomes were conducted by
excluding trials with high risk of bias.

All statistical analyses were conducted using R version
4.3.0 and Review Manager by Cochrane (RevMan) version
54.1.

Quality assessments

Critical appraisal for each individual study was performed
independently by two investigators (KK and NN) using the
Cochrane Risk of Bias 2 (RoB 2) tool assessment for paral-
lel trials [29]. Disagreements were resolved with discussion
with a third reviewer (MS). The RoB 2 tool consists of five
domains: randomization process, assignment to intervention,
missing outcome data, measurement of the outcome, and
selection of the reported result. Studies were classified as
having overall low risk, some concerns, or high risk of bias
according to the findings for these five domains.

The certainty of evidence was assessed through the Grad-
ing of Recommendation Assessment, Development and
Evaluation (GRADE) certainty framework which consists
of the following domains: risk of bias, inconsistency, indi-
rectness, imprecision, and publication bias [30, 31]. The
certainty of the evidence was classified as high, moderate,
low or very low [32].
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Publication bias was planned to be assessed using a fun-
nel plot and Egger’s regression test if more than ten articles
were included [33].

Results
Systematic literature search

The literature search yielded 720 records. After removing
duplicates, title and abstract screening, and full text assess-
ment, eight publications met all inclusion criteria. The
PRISMA flow diagram is shown in Fig. 1. The result of the
search strategy is shown in Supplementary File 1.

Characteristics of eigible studies

The characteristics of the seven included publications are
presented in Table 1, [34—41]. These papers represented
five unique RCTs, with two being post-hoc analyses of other
included papers. The studies were published between 2005
and 2021. The total number of participants was 316. Steroids

Records identified through database
searching
N =720
Medline (N = 130)
Embase (N =274)
Ovid EBM Reviews (N =45)
Web of Science (N = 135)
Elsevier COPUS (N = 136)

Records screened

used were preoperative bolus of methylprednisolone or dexa-
methasone, and postoperative continuous infusion of hydro-
cortisone. Out of the included seven studies, four reported
plasma IL-6, one reported plasma IL-8, four reported plasma
IL-10, three reported plasma lactate, three reported VIS,
two reported AKI, and four reported lengths of ICU stay,
mortality and length of mechanical ventilation. All extracted
outcome data are presented in Supplementary Files 2 and 3.

Plasma IL-6, IL-8, IL-10

The summary of findings for the primary outcomes are
presented in Table 2. For plasma IL-6, the only specific
timepoint that could be synthesized was POD1 which
was reported by two RCTs. In the control group, mean
plasma IL-6 on POD1 was 250.15 pg/mL. Administration
of corticosteroids significantly decreased plasma IL-6 on
POD1 compared with the administration of placebo (MD
— 64.21 pg/mL, 95% CI — 118.26 to — 10.16, low cer-
tainty of evidence). There was no evidence of heterogene-
ity (I’=0%) (Fig 2). Only one RCT reported plasma IL-8
and meta-analysis was not conducted. Plasma IL-10 on

Duplicate Records removed
N =311

Records excluded
N =386

N =409

Full text articles assessed for eligibility
N =23

Studies included in meta-analysis
N=7

Title (N =297)
Abstract (N = 89)

Full text excluded
N=16
Irrelevant population (N = 3)
Irrelevant intervention (N=1)
Irrelevant control (N = 2)
Irrelevant outcome (N = 4)
No published as a full article (N = 3)
Duplications (N = 3)

Fig. 1 PRISMA Flow Diagram. PRISMA Preferred reporting items for systematic review and meta-analysis
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A.IL-6 (POD 1)

Steroid Control Mean Difference (pg/mL) Mean Difference (pg/mL)
Study or Subgroup Mean SD_ Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Heying 2012 613 364 9 124 82.3 11 99.7% -62.70 [-116.84, -8.56]

Jahnukainen 2018 190.9 766.4 20 7209 2,031.3 20 0.3% -530.00 [-1481.50, 421.50] *

Total (95% Cl) 29 31 100.0% -64.21 [-118.26, -10.16] <
Heterogeneity: Tau? = 0.00; Chiz = 0.92, df =1 (P =0.34); ?=0%
Test for overall effect: Z =2.33 (P = 0.02)

500 250 0 250 500
Steroid Control

B.IL-10 (POD 1)

Steroid Control Mean Difference (pg/mL) Mean Difference (pg/mL)
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV,Random, 95% CI
Heying 2012 54 28 9 10 5 11 99.9% -4.60 [-8.08, -1.12]
Jahnukainen 2018 13.3 252 20 136 299.3 20 0.1% -0.30[-131.94, 131.34]
Total (95%Cl) 29 31 100.0% -4.60 [-8.07, -1.12]

Heterogeneity: Tau? = 0.00; Chi?=0.00,df = 1 (P = 0.95); I?=0%

Test for overall effect: Z = 2.59 (P = 0.009) e N

Steroid Control

Fig.2 The Effect of Steroid for Interleukin-6 and Interleukin-10. A. dence interval, /L interleukin, IV inverse variance, POD postoperative
The effect of steroid for the value of Interleukin-6 at POD 1. B. The day, SD standard deviation
effect of steroid for the value of Interleukin-10 at POD 1. CI confi-

Table 2 Summary of findings for interleukin-6 and interleukin-10

Outcomes Anticipated absolute effects” (95% CI) Ne of particip nts Certainty of the evi-
- - - - - - (studies) dence (GRADE)
Risk with control Risk with corticosteroid
IL-6 (POD 1) The mean IL-6 was 250.15 pg/mL MD 64.21 pg/mL lower 60 (2 RCTs) SO0 Low?bcd
(118.26 lower to 10.16
lower)
IL- 10 (POD 1) The mean IL-10 was 10.0 pg/mL MD 4.6 pg/mL lower (8.07 60 (2 RCTs) BDOO Low*ed

lower to 1.12 lower)

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect. Moderate certainty: we are moderately
confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially dif-
ferent. Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of
effect

CI confidence interval, GRADE grading of recommendation assessment development and evaluation, /L interleukin, MD mean difference, RCT
randomized controlled trial

“The risk in the intervention group (and its 95%CTI) is based on the assumed risk in the comparison group and the relative effect of the interven-
tion (and its 95% CI)

#One study was high risk of bias (Heying 2012)

One study (Jahnukainen 2018) had a wide CI with an extreme point estimate

“One study (Jahnukainen 2018) had a wide CI and different point estimate than the other study

4Only two studies could be included, so we are potentially unable to assess the effect and heterogeneity

POD1 was reported by two RCTs. In the control group,  certainty of evidence). There was no evidence of hetero-
mean plasma IL-10 on POD1 was 10.0 pg/mL. Adminis-  geneity (I*=0%) (Fig. 2).

tration of corticosteroids significantly decreased plasma

IL-10 on POD1 compared with the administration of pla-

cebo MD — 4.60 pg/mL, 95% CI — 8.07 to — 1.12, low

@ Springer
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Plasma lactate, VIS, length of ICU stay, length
of mechanical ventilation, incidence of AKI,
mortality

The summary of findings for the secondary outcomes are
presented in Table 3. Plasma lactate at the time of ICU
arrival and on POD1 were analyzed (reported by two
RCTs). Administration of corticosteroids significantly

corticosteroids did not significantly decrease VIS on PODI1
(MD — 1.39, 95% CI — 4.53 to 1.75, low certainty of evi-
dence), length of ICU stay (MD — 0.90 days, 95% CI — 2.39
to 0.59, moderate certainty of evidence), length of mechani-
cal ventilation (MD — 0.36 days, 95% CI — 1.24 to 0.53, low
certainty of evidence), incidence of AKI (RR 1.01, 95% CI
0.74 to 1.38, low certainty of evidence), or mortality (RR
0.57,95% C1 0.22 to 1.49, low certainty of evidence).

increased plasma lactate compared to the administration
of placebo, at the time of ICU arrival (MD 1.41 mmol/L,
95% CI1 0.57 to 2.26, low certainty of evidence) or on PODI
(MD 0.57 mmol/L, 95% CI 0.10 to 1.04, low certainty
of evidence) (Supplementary File 4). Administration of

GRADE and rsk of bias assessment

The components of the certainty of evidence assessment
using GRADE criteria are presented in Supplementary Files

Table 3 Summary of findings for lactate, vasoactive inotropic score, length of intensive care unit stay, length of mechanical ventilation, inci-
dence of acute kidney injury, and mortality

Outcomes Anticipated absolute effects™ (95% CI) Relative effect (95% CI) No of Certainty of the evi-

- - - - - participants  dence (GRADE)
Risk with control Risk with steroid (studies)
Lactate (ICU arrival) The mean Lactate MD 1.41 mmol/L higher NA 80 2RCTs) PPOQO Low*be
at ICU arrival was (0.57 lower to 2.26
3.76 mmol/L higher)
Lactate (POD 1) The mean Lactate POD ~ MD 0.57 mmol/L higher NA 80 (2 RCTs) @@OO Low™¢
1 was 2.01 mmol/L (0.1 lower to 1.04
higher)
VIS (POD 1) The mean VISPOD I~ MD 1.39 lower (4.53 NA 256 3RCTs) PDOQ Low* 4
was 17.61 lower to 1.75 higher)
Length of ICU stay The mean length of ICU MD 0.9 days lower (2.39 NA 296 (4 RCTs) PP Moderate®
stay was 9.57 days lower to 0.59 higher)
Length of mechanical The mean length of MD 0.36 days lower NA 296 (4 RCTs) PHOO Low**
ventilation mechanical ventilation (1.24 lower to 0.53
was 5.51 days higher)
Incidence of AKI 423 per 1,000 428 per 1000 (313 to RR 1.01 (0.74-1.38) 212 2RCTs) DO Low's
584)
Mortality 84 per 1,000 48 per 1000 (18 to 125) RR 0.57 (0.22-1.49) 296 (4 RCTs) DHOO Low™"

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect. Moderate certainty: we are moderately
confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially dif-
ferent. Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of
effect

AKI acute kidney injury, CI confidence interval, GRADE grading of recommendation assessment development and evaluation, /CU intensive
care unit, MD mean difference, NA not applicable, POD postoperative day, RCT randomized controlled trial, RR risk ratio, VIS vasoactive ino-
tropic score

“The risk in the intervention group (and its 95%CI) is based on the assumed risk in the comparison group and the relative effect of the interven-
tion (and its 95% CI)

2One study (Keski-Nisula 2013) was high risk of bias
"The magnitude of effect is small, the CI does not suggest a significant benefit or harm

“VIS data were graphically represented for: Keski-Nisula 2013, Graham 2019, and Suominen 2017. Data extraction using a digitizer software
potentially misinformed and the data points could be inaccurate

4Two studies (Keski-Nisula 2013, Suominen 2017) have wide Cls and include the possibility of a small or no effect

“Three studies (Kaskinen 2021, Keski-Nisula 2013, Suominen 2017) had wide CIs and include the possibility of a small or no effect
fOne study was high risk of bias (Pesonen 2016)

£Two studies only be included. It is potentially unable to assess the effect and heterogeneity

"Three studies (Kaskinen 2021, Keski-Nisula 2013, Suominen 2017) had wide CIs. The CIs include the possibility of a small or no effect
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5 and 6. While the result for length of ICU stay had moderate
certainty, all other outcomes had low certainty of evidence.
The components of the risk of bias assessment are presented
in Supplementary File 7. There were 3 RCTs identified with
high risk of bias using Cochrane RoB 2 criteria.

Subgroup analysis and sensitivity analysis

The pre-planned subgroup analyses could not be performed
as the included RCTs presented insufficient data of serum
lactate level, IL-6 level, IL-10 level, and RACHS-1.

The results of the sensitivity analysis excluding trials
with high risk of bias are presented in Supplementary File 8.
Since the primary IL-6 and IL-10 analyses involved only two
studies, this sensitivity analysis could not be performed, but
one of the two studies was identified as high risk of bias due
to deviations from the intended intervention (Heying 2012)
[41]. Sensitivity analysis was conducted on VIS, length of
ICU stay, length of mechanical ventilation, and mortality.
There were no significant results for all outcomes.

Discussion

In the current review, perioperative administration of corti-
costeroids was found to significantly reduce IL-6 and IL-10
on PODI in neonates undergoing cardiac surgery with CPB.
However, the certainty of evidence of these outcomes were
low. There was no significant difference in the clinical out-
comes except for higher plasma lactate on ICU arrival and
PODI1 in the corticosteroids administered group.

Our findings and existing literature

In previous studies of adult cardiac surgeries with CPB,
corticosteroids suppressed IL-6 and IL-8, while IL-10
increased [42, 43]. Our IL-6 findings support the findings
from these studies in the neonatal population. In both the
adult studies, IL-6 was measured on POD1, consistent with
the timepoint synthesized in our study. However, contrary
to the adult studies, our study found that corticosteroids
suppressed IL-10. In the adult studies, the timepoints
where plasma IL-10 were significantly higher in the cor-
ticosteroid group were all prior to POD1: after aortic dec-
lamp at the end of CPB in the study by Azab et al. [43] and
60 min after aortic declamp and 60 min after CPB in the
study by Fillinger et al.[42] These studies also did not find
significant differences in plasma IL-10 at PODI. In our
study, plasma IL-6 and IL-10 were pooled only on PODI
due to lack of data at other timepoints. This discrepancy in
the analyzed timepoints may explain the contrasting results
of corticosteroid effect on plasma IL-10. Overall, in our
study, a reduction in the biochemical markers of post-CPB
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inflammatory reaction could be confirmed, but with low
certainty.

Clinical outcomes

In previous studies, the effect of corticosteroid administra-
tion on clinical outcomes for pediatric patients undergoing
cardiac surgery with CPB was inconclusive. In our study,
corticosteroid administration did not change clinical out-
comes. Our null findings regarding mortality are supported
by numerous previous meta-analyses of the pediatric popula-
tion [17, 44, 45]. However, our finding regarding mechanical
ventilation differs from these studies. A Cochrane Review
on the pediatric population undergoing cardiac surgery with
CPB demonstrated that corticosteroid administration did not
change length of ICU stay, length of hospital stay, or mor-
tality [44]. Likewise, a meta-analysis by Takeshita et al. of
pediatric cardiac surgeries with CPB demonstrated that cor-
ticosteroids did not change mortality, length of ICU stay, and
length of hospital stay; however, the duration of mechanical
ventilation (MD — 5.54 h, 95% CI — 9.75 to — 1.34) and
incidence of low cardiac output syndrome (RR 0.75, 95%
CI0.59 to 0.96) were both decreased [17]. In their subgroup
analysis on the neonatal population, they also demonstrated
that corticosteroids administration did not change mortal-
ity, which is consistent with our findings. A meta-analysis
by Cheema et al. of pediatric patients undergoing cardiac
surgery with CPB demonstrated that corticosteroids were
associated with a lower duration of mechanical ventilation
(MD - 0.63 days, 95% CI—1.16 to—0.09 days), reduced
incidence of postoperative low cardiac output syndrome (RR
0.76, 95% CI 0.60 to 0.96), and reduced reoperations (RR
0.37 95% CI1 0.19 to 0.74), but, again, there was no signifi-
cant reduction in mortality, length of ICU stay and length
of hospital stay [45].

The most recent meta-analysis by Losiggio et al. of 17
RCTs and 6598 cardiac surgery patients with CPB included
all patients < 65 years old, including pediatric and neona-
tal populations. The study demonstrated that corticoster-
oids reduced mortality (RR 0.69 95% CI 0.52 to 0.92) and
highest postoperative VIS (MD — 2.07, 95% CI — 3.69 to
— 0.45), but no statistically significant difference was found
in occurrence of AKI, myocardial infarction, and infections
[46]. In their subgroup analysis of the neonatal population,
no significant difference in mortality was found, supporting
our findings [46].

Implications of the results for practice

In our study, a reduced inflammatory reaction due to cor-
ticosteroid administration could be concluded looking at
IL-6 on PODI1. The inflammatory reaction is a complicated
cascade involving many cytokines interacting with each
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other, including cytokines which were not examined in our
study, such as tumor necrosis factor-a (TNF-a) and IL-8.
Furthermore, the change in levels for each cytokine varies
in magnitude, direction, and timing in response to stimu-
lation [47, 48]. Plasma IL-6 level peaks at 4 h after CPB,
whereas plasma IL-10 level peaks at the end of CPB, and
both decrease thereafter. The decrease trend is also differ-
ent between plasma IL-6 and plasma IL-10, with plasma
IL-6 decreasing over a couple of days following CPB
whereas plasma IL-10 decreases rather rapidly in several
hours after CPB [47-49]. Therefore, it is difficult to assess
the degree to which corticosteroids affected the inflam-
matory response using plasma IL-6 and IL-10 at only one
timepoint.

IL-10 is typically considered to reduce inflammation but
its pathways of action are beneficial in some regards and
maladaptive in others [50]. In fact, several studies have sug-
gested that high plasma IL-10 levels could result in immune
hyporesponsiveness, leading to a higher risk of postopera-
tive complications [51]. A single center prospective study
of 126 patients undergoing CABG with CPB demonstrated
that high plasma IL-10 levels 24 h after CPB are related to
increased clinical complications [47]. We need to consider
the pleiotropic nature of cytokines complicating when to
measure to show benefits vs. maladaptation.

The RCTs included in our study have considerable vari-
abilities in the type of corticosteroids administered, the
timing of administration, and the dosage. In six out of
seven RCTs, methylprednisolone was given at induction
of anesthesia and in 1 RCT dexamethasone was given 4 h
prior to CPB initiation. Dexamethasone is a long-acting
glucocorticoid with a half-life of 36 to 54 h, and meth-
ylprednisolone is an intermediate-acting with a half-life
of 18 to 36 h [22, 52, 53]. The difference in the timing of
administration of dexamethasone and methylprednisolone
in these studies is assumed to be a few hours. Therefore, it
is considered to have a minimal impact on the outcomes,
at least up to POD1 [54]. Regarding the dosage, meth-
ylprednisolone was used at either 2 mg/kg or 30 mg/kg
and dexamethasone at 1 mg/kg, equivalent to 5.4 mg/kg
of methylprednisolone [22, 52, 53]. In 3 RCTs, hydrocor-
tisone infusion was administered in addition to methyl-
prednisolone and dexamethasone. However, its dose of the
hydrocortisone infusion was equal to or less than 0.2 mg/
kg/h which is almost negligible compared to bolus doses
of methylprednisolone and dexamethasone. In the previous
studies comparing high-dose methylprednisolone (30 mg/
kg) with low dose (2 mg/kg or 5 mg/kg) in pediatric cardiac
surgery using CPB, there was no significant difference in
inflammatory response, including plasma IL-6 and IL-10
levels [55, 56]. Based on these facts, the influence of vari-
abilities of corticosteroids administration on our primary
outcome is not considered to be high.

The incidence of relative adrenal insufficiency in neo-
nates after cardiac surgery with CPB is reported to be 32.5%
[57]. This may imply that the use of corticosteroids could
be considered for those patients at highest risk of insuf-
ficient adrenal stress response such as neonates. Current
EACTS/EACTA/EBCP guidelines of adult cardiac surgery
do not recommend routine prophylactic use of corticoster-
oids during cardiac surgery [58], but there are no specific
guidelines regarding corticosteroid use during pediatric
and neonate cardiac surgery. Based on our study findings,
even for neonates undergoing cardiac surgery with CPB,
routine prophylactic administration of corticosteroids may
not be beneficial. However, administration of corticosteroids
attenuate inflammation caused by CPB and there could be
some population in neonates who benefit from corticoster-
oid administration such as those with clinically suspected or
confirmed adrenal insufficiency. Studies with larger sample
size and specific target population with clinically suspected
or confirmed adrenal insufficiency are required for definitive
conclusion.

Future research

Future research comparing additional cytokines, such as
TFN-a and IL-8, alongside IL-6 and IL-10, at multiple time-
points is needed in order to better understand the trends and
interactions among these cytokines. This will result in a bet-
ter understanding of the overall effect of corticosteroids on
intraoperative inflammation and allow for correlation with
subsequent clinical outcomes.

In terms of clinical outcomes, it is necessary to study
adverse effects of corticosteroids to evaluate relative benefit
of its administration.

In addition, research to identify which patient popula-
tions are at highest risk of relative adrenal insufficiency and
who might benefit most from corticosteroid administration
is required.

Limitations and strengths

This study has some limitations. First, despite the use of a
broad search strategy and inclusion criteria there were still a
small number of studies included in the various analyses. For
example, only two studies could be included for the analysis
of IL-10 at POD1, and the results were largely driven by the
study by Heying et al.[41] Subgroup analyses were planned
for the incidence of AKI, inotropic score, mechanical ven-
tilation, length of ICU stay and mortality, but could not be
conducted due to a lack of data. Second, we were able to
analyze plasma IL-6 and IL-10 levels at only one timepoint,
despite extracting data for all available timepoints from the
included studies. Some studies only showed figures with-
out explicitly reporting the exact value for plasma IL-6 and
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plasma IL-10 concentrations. For those studies we digitized
the figures to extract data as accurately as possible, leading
to potential error. We analyzed only plasma IL-6 and plasma
IL-10 levels as there was insufficient data to conduct a meta-
analysis on IL-8.

Third, modified ultrafiltration (MUF) is known to remove
mediators that could result in inflammatory response and
improve clinical outcomes [59]; the use of MUF can sig-
nificantly impact on the outcomes investigated in our study.
However, 6 out of 7 eligible studies in our study did not
specify its use. Future RCTs should report MUF use.

Fourth, we did not plan to conduct a meta-analysis on the
adverse effects of corticosteroid administration. Of the seven
eligible studies, three reported on blood glucose level and
insulin administration, and two reported on infection. In the
existing literature, it is shown that there is a significant asso-
ciation of methylprednisolone with infection in the lower
surgical risk group of neonates undergoing cardiac surgery
with CPB [60] and a significant increase in insulin treat-
ment. [61] We could not elaborate on higher lactate levels
on POD1 in the context of these adverse effects.

The current review also has several strengths. Ours is the
first to collect and analyze the effect of corticosteroids on
the levels of inflammatory cytokines in neonates undergo-
ing cardiac surgery with CPB. Although there are several
systematic reviews and meta-analyses of corticosteroids
administration to pediatric cardiac surgeries with CPB, our
study is the first focused on neonatal cardiac surgery with
CPB looking at morbidity and clinical outcomes. Compared
to previous systematic reviews which included only three or
four studies in their analyses, the current review captures the
largest number of studies of the neonatal population (five
unique studies and two post-hoc analyses) [17, 45, 46].

Conclusions

Based on our study findings, even for neonates undergoing
cardiac surgery with CPB, routine prophylactic adminis-
tration of corticosteroids may not be beneficial. However,
administration of corticosteroids attenuate inflammation
caused by CPB and there could be some population in neo-
nates who benefit from corticosteroid administration such
as those with clinically suspected or confirmed adrenal
insufficiency. Studies with larger sample size and specific
target population with clinically suspected or confirmed
adrenal insufficiency are required for definitive conclusion.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00540-025-03506-w.

Acknowledgements Jason T Maynes and Kazuyoshi Aoyama acknowl-
edges the Department of Anesthesiology and Pain Medicine, University

@ Springer

of Toronto, and the Hospital for Sick Children, for secured academic
time to conduct the current work as a recipient of a Merit Award
2023-2025.

Author contributions Kumi Kataoka and Kazuyoshi Aoyama con-
ceived this paper. Kumi Kataoka, Makoto Sumie, and Kazuyoshi
Aoyama developed the protocol. Jessie Cunningham performed the
systematic literature searches, managed database results and documen-
tation. Kumi Kataoka, Naoko Niimi, and Makoto Sumie performed the
systematic review. Kumi Kataoka, Ruxandra-loana Adam, and Makoto
Sumie performed data extraction. Kumi Kataoka, Makoto Sumie, and
Alan Yang performed the analysis on the result of the literature search
and extracted data. Kumi Kataoka, Sierra Cheng, Makoto Sumie, Rux-
andra-loana Adam, Alan Yang, and Kazuyoshi Aoyama interpreted
data. Kumi Kataoka and Sierra Cheng wrote the initial draft of the
manuscript. Makoto Sumie, Ruxandra-Ioana Adam, Naoko Niimi, Jes-
sie Cunningham, Alan Yang, William C.K. Ng, Jason Hayes, Jason T
Maynes, and Kazuyoshi Aoyama helped draft the final version, which
was approved by all authors.

Funding This work was supported by POS Summer Studentship Pro-
gram, Hospital for Sick Children 2024 (Sierra Cheng, Ruxandra-Ioana
Adam, Jason Hayes, Kazuyoshi Aoyama), Canadian Anesthesiologists’
Society Research Award 2022-2024 (Kazuyoshi Aoyama), Canadian
Anesthesiologists’ Society Career Scientist Award in Anesthesia
2024-2026 (Kazuyoshi Aoyama) and Project Grants (PJX179857,
PIT183603) 2022-2024, Canadian Institutes of Health Research
(Kazuyoshi Aoyama). The funding sources had no role in the design
and conduct of the study; collection, management, analysis, and inter-
pretation of the data; preparation, review, or approval of the manu-
script; and decision to submit the manuscript for publication.

Data availability All relevant data are available within the article and
supplementary materials.

Declarations

Conflict of interest All authors declare no conflict of interests.

References

1. Costello JM, Pasquali SK, Jacobs JP, He X, Hill KD, Cooper
DS, Backer CL, Jacobs ML. Gestational age at birth and out-
comes after neonatal cardiac surgery: an analysis of the society of
thoracic surgeons congenital heart surgery database. Circulation.
2014;129:2511-7. https://doi.org/10.1161/CIRCULATIONAHA.
113.005864/-/DCL.

2. Steurer MA, Peyvandi S, Costello JM, Moon-Grady AlJ,
Habib RH, Hill KD, Jacobs ML, Jelliffe-Pawlowski LL, Kel-
ler RL, Pasquali SK, Reddy VM. Association between Z-score
for birth weight and postoperative outcomes in neonates and
infants with congenital heart disease. J Thorac Cardiovasc Surg.
2021;162:1838-1847.e4. https://doi.org/10.1016/j.jtcvs.2021.01.
065.

3. Butler J, Rocker GM, Westaby S. Inflammatory response to car-
diopulmonary bypass. Ann Thorac Surg. 1993;55:552-9. https://
doi.org/10.1016/0003-4975(93)91048-R.

4. Seghaye MC, Duchateau J, Bruniaux J, Demontoux S, Bosson
C, Serraf A, Lecronier G, Mokhfi E, Planché C. Interleukin-10
release related to cardiopulmonary bypass in infants undergoing
cardiac operations. J Thorac Cardiovasc Surg. 1996;111:545-53.
https://doi.org/10.1016/S0022-5223(96)70306-9.


https://doi.org/10.1007/s00540-025-03506-w
https://doi.org/10.1161/CIRCULATIONAHA.113.005864/-/DC1
https://doi.org/10.1161/CIRCULATIONAHA.113.005864/-/DC1
https://doi.org/10.1016/j.jtcvs.2021.01.065
https://doi.org/10.1016/j.jtcvs.2021.01.065
https://doi.org/10.1016/0003-4975(93)91048-R
https://doi.org/10.1016/0003-4975(93)91048-R
https://doi.org/10.1016/S0022-5223(96)70306-9

Journal of Anesthesia (2025) 39:577-589

587

10.

11.

12.

13.

14.

15.

16.

17.

18.

Butler J, Pathi VL, Paton RD, Logan RW, MacArthur KJ, Jamie-
son MP, Pollock JC. Acute-phase responses to cardiopulmonary
bypass in children weighing less than 10 kilograms. Ann Thorac
Surg. 1996;62:538—42.

Finn A, Naik S, Klein N, Levinsky RJ, Strobel S, Elliott M. Inter-
leukin-8 release and neutrophil degranulation after pediatric cardi-
opulmonary bypass. J Thorac Cardiovasc Surg. 1993;105:234—41.
Steinberg JB, Kapelanski DP, Olson JD, Weiler JM. Cytokine
and complement levels in patients undergoing cardiopulmonary
bypass. J Thorac Cardiovasc Surg. 1993;106:1008-16.
Kawamura T, Wakusawa R, Okada K, Inadat S. Elevation of
cytokines during open heart surgery with cardiopulmonary
bypass: participation of interleukin 8 and 6 in reperfusion injury.
CanJ Anaesth. 1993;40:1016-21. https://doi.org/10.1007/BF030
09470/METRICS.

Alcaraz AJ, Manzano L, Sancho L, Vigil MD, Esquivel F, Maroto
E, Reyes E, Alvarez-Mon M. Different proinflammatory cytokine
serum pattern in neonate patients undergoing open heart surgery.
Relevance of IL-8. J Clin Immunol. 2005;25:238-45. https://doi.
org/10.1007/S10875-005-4081-7/METRICS.

Ashraf SS, Tian Y, Zacharrias S, Cowan D, Martin P, Watterson
K. Effects of cardiopulmonary bypass on neonatal and paediatric
inflammatory profiles. Eur J Cardio Thorac Surg. 1997;12:862-8.
https://doi.org/10.1016/S1010-7940(97)00261-3.

Kozik DJ, Tweddell JS. Characterizing the inflammatory response
to cardiopulmonary bypass in children. Ann Thorac Surg.
2006;81:5S2347-54. https://doi.org/10.1016/j.athoracsur.2006.
02.073.

Gist KM, Blinder JJ, Bailly D, Borasino S, Askenazi DJ, Cooper
DS, Krawczeski CD, Gaies M, Morales DL, Hock KM, Alten J.
Neonatal and paediatric heart and renal outcomes network: design
of a multi-centre retrospective cohort study. Cardiol Young.
2019;29:511-8. https://doi.org/10.1017/S1047951119000210.
Morgan CJ, Zappitelli M, Robertson CMT, Alton GY, Sauve RS,
Joffe AR, Ross DB, Rebeyka IM. Risk factors for and outcomes
of acute kidney injury in neonates undergoing complex cardiac
surgery. J Pediatr. 2013;162:120-127.e1. https://doi.org/10.1016/j.
jpeds.2012.06.054.

Tang A, Rosenfeld CR, Mikhael M, McPhaul MJ, Koch JD.
Adrenal insufficiency in neonates undergoing cardiopulmonary
bypass and postoperative hypothalamic-pituitary-adrenal function
after prophylactic glucocorticoids. J Perinatol. 2019;39(5):640-7.
https://doi.org/10.1038/s41372-019-0344-7.

Checchia PA, Bronicki RA, Costello JM, Nelson DP. Steroid
use before pediatric cardiac operations using cardiopulmonary
bypass: an international survey of 36 centers. Pediatr Crit Care
Med. 2005;6:441-4. https://doi.org/10.1097/01.PCC.0000163678.
20704.C5.

Fudulu DP, Schadenberg A, Gibbison B, Jenkins I, Lightman S,
Angelini GD, Stoica S. Corticosteroids and other anti-inflam-
matory strategies in pediatric heart surgery: a national survey of
practice. World J Pediatr Congenit Heart Surg. 2018;9:289-93.
https://doi.org/10.1177/2150135118762392.

Takeshita J, Nakajima Y, Tachibana K, Takeuchi M, Shime N.
Efficacy of perioperative prophylactic administration of corti-
costeroids in pediatric cardiac surgeries using cardiopulmonary
bypass: a systematic review with meta-analysis. Anaesth Crit Care
Pain Med. 2023. https://doi.org/10.1016/J.ACCPM.2023.101281.
Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou
R. The PRISMA 2020 statement: an updated guideline for report-
ing systematic reviews. PLoS Med. 2021;18:372.

. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, War-

nock DG, Levin A. acute kidney injury network: report of an
initiative to improve outcomes in acute kidney injury. Crit Care.
2007;11:1-8. https://doi.org/10.1186/CC5713/COMMENTS.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Davidson J, Tong S, Hancock H, Hauck A, Da Cruz E, Kaufman
J. Prospective validation of the vasoactive-inotropic score and
correlation to short-term outcomes in neonates and infants after
cardiothoracic surgery. Intensiv Care Med. 2012;38:1184-90.
https://doi.org/10.1007/S00134-012-2544-X/METRICS.
Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement:
updated guidelines for reporting parallel group randomised tri-
als. BMJ. 2010;340:698-702. https://doi.org/10.1136/BM1J.
C332.

Meikle AW, Tyler FH. Potency and duration of action of glucocor-
ticoids. Effects of hydrocortisone, prednisone and dexamethasone
on human pituitary-adrenal function. Am J Med. 1977;63:200-7.
https://doi.org/10.1016/0002-9343(77)90233-9.

Shi S, Zhao Z, Liu X, Shu Q, Tan L, Lin R, Shi Z, Fang X.
Perioperative risk factors for prolonged mechanical ventilation
following cardiac surgery in neonates and young infants. Chest.
2008;134:768-74.

Mitchell M, Muftakhidinov B, Winchen T, Trande A (2024)
Engauge Digitizer Software. http://markummitchell.github.io/
engauge-digitizer. Accessed 15 Aug 2024

Basaran M, Sever K, Kafali E, Ugurlucan M, Sayin OA, Tansel T,
Alpagut U, Dayioglu E, Onursal E. Serum lactate level has prog-
nostic significance after pediatric cardiac surgery. J Cardiothorac
Vasc Anesth. 2006;20:43-7. https://doi.org/10.1053/j.jvca.2004.
10.010.

Duke T, Butt W, South M, Karl TR. Early markers of major
adverse events in children after cardiac operations. J Thorac Car-
diovasc Surg. 1997;114:1042-52. https://doi.org/10.1016/S0022-
5223(97)70018-7.

Jenkins KJ, Gauvreau K, Newburger JW, Spray TL, Moller JH,
Iezzoni LI. Consensus-based method for risk adjustment for
surgery for congenital heart disease. J Thorac Cardiovasc Surg.
2002;123:110-8. https://doi.org/10.1067/mtc.2002.119064.
Padley JR, Cole AD, Pye VE, Chard RB, Nicholson IA, Jacobe
S, Baines D, Badawi N, Walker K, Scarfe G, Leclair K, Sholler
GF, Winlaw DS. Five-year analysis of operative mortality and
neonatal outcomes in congenital heart disease. Heart Lung Circ.
2011;20:460-7. https://doi.org/10.1016/j.h1c.2011.03.009.
Sterne JA, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron
I, Cates CJ, Cheng HY, Corbett MS, Eldridge SM, Emberson JR.
RoB 2: a revised tool for assessing risk of bias in randomised tri-
als. BMJ. 2019. https://doi.org/10.1136/BMJ.L4898.

Zhang Y, Coello PA, Guyatt GH, Yepes-Nuiiez JJ, Akl EA, Hazle-
wood G, Pardo-Hernandez H, Etxeandia-Ikobaltzeta I, Qaseem A,
Williams JW, Tugwell P, Flottorp S, Chang Y, Zhang Y, Mustafa
RA, Rojas MX, Xie F, Schiinemann HJ. GRADE guidelines: 20.
Assessing the certainty of evidence in the importance of outcomes
or values and preferences—inconsistency, imprecision, and other
domains. J Clin Epidemiol. 2019;111:83-93. https://doi.org/10.
1016/j.jclinepi.2018.05.011.

Zhang Y, Alonso-Coello P, Guyatt GH, Yepes-Nuiiez JJ, Akl
EA, Hazlewood G, Pardo-Hernandez H, Etxeandia-Ikobaltzeta I,
Qaseem A, Williams JW, Tugwell P, Flottorp S, Chang Y, Zhang
Y, Mustafa RA, Rojas MX, Schiinemann HJ. GRADE guidelines:
19. Assessing the certainty of evidence in the importance of out-
comes or values and preferences—risk of bias and indirectness. J
Clin Epidemiol. 2019;111:94—104. https://doi.org/10.1016/j.jclin
epi.2018.01.013.

Santesso N, Glenton C, Dahm P, Garner P, Akl EA, Alper B, Brig-
nardello-Petersen R, Carrasco-Labra A, De Beer H, Hultcrantz M,
Kuijpers T, Meerpohl J, Morgan R, Mustafa R, Skoetz N, Sultan
S, Wiysonge C, Guyatt G, Schiinemann HJ. GRADE guidelines
26: informative statements to communicate the findings of system-
atic reviews of interventions. J Clin Epidemiol. 2020;119:126-35.
https://doi.org/10.1016/j.jclinepi.2019.10.014.

@ Springer


https://doi.org/10.1007/BF03009470/METRICS
https://doi.org/10.1007/BF03009470/METRICS
https://doi.org/10.1007/S10875-005-4081-7/METRICS
https://doi.org/10.1007/S10875-005-4081-7/METRICS
https://doi.org/10.1016/S1010-7940(97)00261-3
https://doi.org/10.1016/j.athoracsur.2006.02.073
https://doi.org/10.1016/j.athoracsur.2006.02.073
https://doi.org/10.1017/S1047951119000210
https://doi.org/10.1016/j.jpeds.2012.06.054
https://doi.org/10.1016/j.jpeds.2012.06.054
https://doi.org/10.1038/s41372-019-0344-7
https://doi.org/10.1097/01.PCC.0000163678.20704.C5
https://doi.org/10.1097/01.PCC.0000163678.20704.C5
https://doi.org/10.1177/2150135118762392
https://doi.org/10.1016/J.ACCPM.2023.101281
https://doi.org/10.1186/CC5713/COMMENTS
https://doi.org/10.1007/S00134-012-2544-X/METRICS
https://doi.org/10.1136/BMJ.C332
https://doi.org/10.1136/BMJ.C332
https://doi.org/10.1016/0002-9343(77)90233-9
http://markummitchell.github.io/engauge-digitizer
http://markummitchell.github.io/engauge-digitizer
https://doi.org/10.1053/j.jvca.2004.10.010
https://doi.org/10.1053/j.jvca.2004.10.010
https://doi.org/10.1016/S0022-5223(97)70018-7
https://doi.org/10.1016/S0022-5223(97)70018-7
https://doi.org/10.1067/mtc.2002.119064
https://doi.org/10.1016/j.hlc.2011.03.009
https://doi.org/10.1136/BMJ.L4898
https://doi.org/10.1016/j.jclinepi.2018.05.011
https://doi.org/10.1016/j.jclinepi.2018.05.011
https://doi.org/10.1016/j.jclinepi.2018.01.013
https://doi.org/10.1016/j.jclinepi.2018.01.013
https://doi.org/10.1016/j.jclinepi.2019.10.014

588

Journal of Anesthesia (2025) 39:577-589

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Egger M, Smith GD, Schneider M, Minder C. Bias in meta-anal-
ysis detected by a simple, graphical test. BMJ. 1997;315:629-34.
https://doi.org/10.1136/BMJ.315.7109.629.

Ando M, Park IS, Wada N, Takahashi Y. Steroid supplementation:
a legitimate pharmacotherapy after neonatal open heart surgery.
Ann Thorac Surg. 2005;80:1672-8. https://doi.org/10.1016/J.
ATHORACSUR.2005.04.035.

Keski-Nisula J, Pesonen E, Olkkola KT, Peltola K, Neuvonen
PJ, Tuominen N, Sairanen H, Andersson S, Suominen PK. Meth-
ylprednisolone in neonatal cardiac surgery: reduced inflam-
mation without improved clinical outcome. Ann Thorac Surg.
2013;95:2126-32. https://doi.org/10.1016/J. ATHORACSUR.
2013.02.013.

Pesonen E, Keski-Nisula J, Andersson S, Palo R, Salminen J,
Suominen PK. High-dose methylprednisolone and endothelial
glycocalyx in paediatric heart surgery. Acta Anaesthesiol Scand.
2016;60:1386-94. https://doi.org/10.1111/AAS.12785.
Suominen PK, Keski-Nisula J, Ojala T, Rautiainen P, Jahnukainen
T, Histbacka J, Neuvonen PJ, Pitkdnen O, Niemeld J, Kaskinen
A, Salminen J, Lapatto R. Stress-dose corticosteroid versus pla-
cebo in neonatal cardiac operations: a randomized controlled trial.
Ann Thorac Surg. 2017;104:1378-85. https://doi.org/10.1016/].
ATHORACSUR.2017.01.111.

Jahnukainen T, Keski-Nisula J, Tainio J, Valkonen H, Pitild T,
Jalanko H, Suominen P. Efficacy of corticosteroids in preven-
tion of acute kidney injury in neonates undergoing cardiac sur-
gery—a randomized controlled trial. Acta Anaesthesiol Scand.
2018;62:1072-9. https://doi.org/10.1111/AAS.13134.

Graham EM, Martin RH, Buckley JR, Zyblewski SC, Kavarana
MN, Bradley SM, Alsoufi B, Mahle WT, Hassid M, Atz AM.
Corticosteroid therapy in neonates undergoing cardiopulmo-
nary bypass: randomized controlled trial. ] Am Coll Cardiol.
2019;74:659-68. https://doi.org/10.1016/1.JACC.2019.05.060.
Kaskinen AK, Keski-Nisula J, Martelius L, Moilanen E,
Héméldinen M, Rautiainen P, Andersson S, Pitkénen-Argillander
OM. Lung injury after neonatal congenital cardiac surgery is mild
and modifiable by corticosteroids. J Cardiothorac Vasc Anesth.
2021;35:2100-7. https://doi.org/10.1053/J.JVCA.2021.01.017.
Heying R, Wehage E, Schumacher K, Tassani P, Haas F, Lange
R, Hess J, Seghaye M-C. Dexamethasone pretreatment provides
antiinflammatory and myocardial protection in neonatal arterial
switch operation. Ann Thorac Surg. 2012;93:869-76. https://doi.
org/10.1016/J.ATHORACSUR.2011.11.059.

Fillinger MP, Rassias AJ, Guyre PM, Sanders JH, Beach M, Janice
Pahl R, Brad Watson P, Whalen K, Yeo K-TJ, Yeager MP. Glu-
cocorticoid effects on the inflammatory and clinical responses
to cardiac surgery. J Cardiothorac Vasc Anesth. 2002;16:163-9.
https://doi.org/10.1053/jcan.2002.31057.

El Azab SR, Rosseel PMJ, de Lange JJ, Groeneveld ABJ, van Strik
R, van Wijk EM, Scheffer GJ. Dexamethasone decreases the pro-
to anti-inflammatory cytokine ratio during cardiac surgery. Br J
Anaesth. 2002;88:496-501. https://doi.org/10.1093/bja/88.4.496.
Gibbison B, Lizardi JC, Martinez KI, Fudulu DP, Andrade MA,
Pérez-Gaxiola G, Schadenberg AW, Stoica SC, Lightman SL,
Angelini GD, Reeves BC. Prophylactic corticosteroids for paedi-
atric heart surgery with cardiopulmonary bypass. Cochrane Data-
base Syst Rev. 2020. https://doi.org/10.1002/14651858.CD013
101.PUB2.

Cheema HA, Khan AA, Ahmad AH, Khan AA, Khalid A, Sha-
hid A, Hermis AH, Syed A, Bansal N, Yuki K, Ghelani SJ, Dani
SS. Perioperative prophylactic corticosteroids for cardiac surgery
in children: a systematic review and meta-analysis. Am Heart J.
2023;266:159-67. https://doi.org/10.1016/J.AHJ.2023.09.006.
Losiggio R, Lomivorotov V, Ursoleo JD, Kotani Y, Monaco
F, Milojevic M, Yavorovskiy A, Lee TC, Oriani A, Di Prima
AL, Mucchetti M. The effects of corticosteroids on survival

Springer

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

in pediatric and nonelderly adult patients undergoing cardiac
surgery: a meta-analysis of randomized studies. J Cardiothorac
Vasc Anesth. 2024. https://doi.org/10.1053/J.JVCA.2024.07.
001.

Jouan J, Golmard L, Benhamouda N, Durrleman N, Golmard J-L,
Ceccaldi R, Trinquart L, Fabiani J-N, Tartour E, Jeunemaitre X,
Menasché P. Gene polymorphisms and cytokine plasma levels as
predictive factors of complications after cardiopulmonary bypass.
J Thorac Cardiovasc Surg. 2012;144:467-473.e2. https://doi.org/
10.1016/J.JTCVS.2011.12.022.

Schmartz D, Tabardel Y, Preiser JC, Barvais L, d’Hollander A,
Duchateau J, Vincent JL. Does aprotinin influence the inflamma-
tory response to cardiopulmonary bypass in patients? J Thorac
Cardiovasc Surg. 2003;125:184-90. https://doi.org/10.1067/mtc.
2003.64.

Kawamura T, Wakusawa R, Inada K. Interleukin-10 and interleu-
kin-1 receptor antagonists increase during cardiac surgery. Can J
Anaesth. 1997;44:38-42. https://doi.org/10.1007/BF03014322.
Minshawi F, Lanvermann S, McKenzie E, Jeffery R, Couper K,
Papoutsopoulou S, Roers A, Muller W. The generation of an engi-
neered interleukin-10 protein with improved stability and bio-
logical function. Front Immunol. 2020. https://doi.org/10.3389/
fimmu.2020.01794.

Allen ML, Andreas Hoschtitzky J, Peters MJ, Elliott M, Gold-
man A, James I, Klein NJ. Interleukin-10 and its role in clinical
immunoparalysis following pediatric cardiac surgery. Crit Care
Med. 2006;34:2658-65. https://doi.org/10.1097/01.CCM.00002
40243.28129.36.

Singer M, Webb A. Oxford handbook of critical care. Oxford:
Oxford University Press; 2009.

Congress F (1992) Notes and news Forthcoming events
Withington DE, Fontela PS, Harrington KP, Tchervenkov C,
Lands LC. A comparison of three dose timings of methylpred-
nisolone in infant cardiopulmonary bypass. Springerplus. 2014.
https://doi.org/10.1186/2193-1801-3-484.

Varan B, Tokel K, Mercan S, Donmez A, Aslamaci S. Systemic
inflammatory response related to cardiopulmonary bypass and
its modification by methyl prednisolone: high dose versus low
dose. Pediatr Cardiol. 2002;23:437-41. https://doi.org/10.1007/
s00246-002-0118-3.

Keski-Nisula J, Pesonen E, Olkkola KT, Ahlroth T, Puntila J,
Andersson S, Neuvonen PJ, Suominen PK. High-dose methylpred-
nisolone has no benefit over moderate dose for the correction of
tetralogy of fallot. Annal Thorac Surg. 2016;102:870-6. https://
doi.org/10.1016/j.athoracsur.2016.02.089.

Crawford JH, Hull MS, Borasino S, Steenwyk BL, Hock KM,
Wall K, Alten JA. Adrenal insufficiency in neonates after car-
diac surgery with cardiopulmonary bypass. Paediatr Anaesth.
2017;27:77-84. https://doi.org/10.1111/PAN.13013.

Kunst G, Milojevic M, Boer C, De Filip MJJ, Somer TG, van den
Goor J, Jones TJ, Lomivorotov V, Merkle F, Ranucci M, Puis L,
Wahba A, Alston P, Fitzgerald D, Nikolic A, Onorati F, Rasmus-
sen BS, Svenmarker S. 2019 EACTS/EACTA/EBCP guidelines
on cardiopulmonary bypass in adult cardiac surgery. BrJ Anaesth.
2019;123:713-57.

Palanzo DA, Wise RK, Woitas KR, Undar A, Clark JB, Myers JL.
Safety and utility of modified ultrafiltration in pediatric cardiac
surgery. Perfusion. 2023;38:150-5. https://doi.org/10.1177/02676
591211043697.

Pasquali SK, Li JS, He X, Jacobs ML, O’Brien SM, Hall M,
Jaquiss RD, Welke KF, Peterson ED, Shah SS, Gaynor JW. Perio-
perative methylprednisolone and outcome in neonates undergo-
ing heart surgery. Pediatrics. 2012. https://doi.org/10.1542/peds.
2011-2034.

Wang S, Xu Y, Yu H. Prophylactic corticosteroids for infants
undergoing cardiac surgery with cardiopulmonary bypass:


https://doi.org/10.1136/BMJ.315.7109.629
https://doi.org/10.1016/J.ATHORACSUR.2005.04.035
https://doi.org/10.1016/J.ATHORACSUR.2005.04.035
https://doi.org/10.1016/J.ATHORACSUR.2013.02.013
https://doi.org/10.1016/J.ATHORACSUR.2013.02.013
https://doi.org/10.1111/AAS.12785
https://doi.org/10.1016/J.ATHORACSUR.2017.01.111
https://doi.org/10.1016/J.ATHORACSUR.2017.01.111
https://doi.org/10.1111/AAS.13134
https://doi.org/10.1016/J.JACC.2019.05.060
https://doi.org/10.1053/J.JVCA.2021.01.017
https://doi.org/10.1016/J.ATHORACSUR.2011.11.059
https://doi.org/10.1016/J.ATHORACSUR.2011.11.059
https://doi.org/10.1053/jcan.2002.31057
https://doi.org/10.1093/bja/88.4.496
https://doi.org/10.1002/14651858.CD013101.PUB2
https://doi.org/10.1002/14651858.CD013101.PUB2
https://doi.org/10.1016/J.AHJ.2023.09.006
https://doi.org/10.1053/J.JVCA.2024.07.001
https://doi.org/10.1053/J.JVCA.2024.07.001
https://doi.org/10.1016/J.JTCVS.2011.12.022
https://doi.org/10.1016/J.JTCVS.2011.12.022
https://doi.org/10.1067/mtc.2003.64
https://doi.org/10.1067/mtc.2003.64
https://doi.org/10.1007/BF03014322
https://doi.org/10.3389/fimmu.2020.01794
https://doi.org/10.3389/fimmu.2020.01794
https://doi.org/10.1097/01.CCM.0000240243.28129.36
https://doi.org/10.1097/01.CCM.0000240243.28129.36
https://doi.org/10.1186/2193-1801-3-484
https://doi.org/10.1007/s00246-002-0118-3
https://doi.org/10.1007/s00246-002-0118-3
https://doi.org/10.1016/j.athoracsur.2016.02.089
https://doi.org/10.1016/j.athoracsur.2016.02.089
https://doi.org/10.1111/PAN.13013
https://doi.org/10.1177/02676591211043697
https://doi.org/10.1177/02676591211043697
https://doi.org/10.1542/peds.2011-2034
https://doi.org/10.1542/peds.2011-2034

Journal of Anesthesia (2025) 39:577-589

589

a systematic review and meta-analysis of randomized con-
trolled trials. BMC Anesthesiol. 2024. https://doi.org/10.1186/
s12871-024-02772-7.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1186/s12871-024-02772-7
https://doi.org/10.1186/s12871-024-02772-7

	Prophylactic corticosteroids in neonatal cardiac surgeries using cardiopulmonary bypass: a systematic review and meta-analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Systematic literature search
	Study selection
	Inclusion and exclusion criteria
	Primary and secondary outcomes
	Data extraction
	Data synthesis: meta-analysis, subgroup analyses, and sensitivity analyses
	Quality assessments

	Results
	Systematic literature search
	Characteristics of eigible studies
	Plasma IL-6, IL-8, IL-10
	Plasma lactate, VIS, length of ICU stay, length of mechanical ventilation, incidence of AKI, mortality
	GRADE and rsk of bias assessment
	Subgroup analysis and sensitivity analysis

	Discussion
	Our findings and existing literature
	Clinical outcomes
	Implications of the results for practice
	Future research
	Limitations and strengths

	Conclusions
	Acknowledgements 
	References




