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Abstract 

Background  Prophylactic corticosteroids have been widely used to mitigate the inflammatory response induced 
by cardiopulmonary bypass (CPB). However, the impact of this treatment on clinically important outcomes in infants 
remains uncertain.

Methods  We systematically searched databases (Medline, Embase, and Cochrane Central Register of Controlled Tri-
als), Clinical Trials Registry, and Google Scholar from inception to March 1, 2024. Randomized controlled trials (RCTs) 
in which infants undergoing on-pump cardiac surgery received prophylactic corticosteroids or placebo were selected. 
The risk of bias was assessed using the Cochrane Collaboration risk-of-bias tool. Considering clinical heterogene-
ity between studies, the random-effects model was used for analysis. Subgroup analyses on the neonatal studies 
and sensitivity analyses by the leave-one-out method were also conducted.

Results  Eight RCTs comprising 1,920 patients were included. Our analysis suggested no significant difference 
in postoperative mortality (2.1% vs. 3.3%, risk ratio (RR) = 0.71, 95% confidence interval (CI) [0.41, 1.21]). Significantly 
increased insulin treatment in infants (19.0% vs. 6.5%, RR = 2.78, 95% CI [2.05, 3.77]) and significantly reduced duration 
of mechanical ventilation in neonates (mean difference = -22.28 h, 95% CI [-42.58, -1.97]) were observed in the cor-
ticosteroids group. There were no differences between groups for postoperative acute kidney injury, cardiac arrest, 
extracorporeal membrane oxygenation support, low cardiac output syndrome, neurologic events, infection, or length 
of postoperative intensive care unit stay.

Conclusions  Current evidence does not support the routine prophylactic use of corticosteroids in infants undergo-
ing cardiac surgery with CPB. Further large-scale research is needed to investigate the optimal agent, dosing regimen, 
and specific impact on various types of cardiac surgery.

Trial registration  This systematic review and meta-analysis was registered at the International Prospective Register 
of Systematic Reviews (CRD42023400176).
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Background
Outcomes for infants undergoing cardiac surgery have 
improved significantly over the past several decades 
with advances in surgical and anesthesia techniques 
[1–4]. However, infants undergoing cardiac surgery 
with cardiopulmonary bypass (CPB) remain at high risk 
of death, serious complications, and prolonged length 
of intensive care unit (ICU) stay [5–7].

The severe systemic inflammatory response result-
ing from CPB, which can lead to capillary leakage and 
organ dysfunction, has been recognized as a major con-
tributor to adverse outcomes [8–12]. Corticosteroids, 
steroid hormones secreted by the adrenal glands, have 
been shown to have anti-inflammatory effects in car-
diac surgery patients [13–15]. For decades, synthetic 
corticosteroids such as methylprednisolone, dexameth-
asone, and hydrocortisone have been routinely admin-
istered in many centers to mitigate the CPB-induced 
systemic inflammatory response [16, 17]. However, 
this practice has also raised concerns due to the uncer-
tain evidence of beneficial effects on clinically relevant 
outcomes.

The routine use of prophylactic steroids for adult 
patients undergoing cardiac surgery is not recom-
mended by current guidelines, but a more pronounced 
inflammatory response in younger patients and poten-
tially beneficial effects of corticosteroids are suggested 
[18]. However, recommendations for pediatric and 
infant patients are lacking. Previous studies and meta-
analyses have failed to demonstrate significant benefits 
of prophylactic corticosteroids use in adults and chil-
dren undergoing on-pump cardiac surgery [19–27]. 
A recent meta-analysis by Losiggio et  al. revealed a 
significant reduction in mortality and postoperative 
inotropic score in patients younger than 65  years old 
who received prophylactic corticosteroids [28]. To the 
best of our knowledge, infants have not been exclu-
sively evaluated in previous meta-analyses. In recent 
years, several large-scale randomized controlled trials 
(RCTs) regarding the prophylactic use of corticoster-
oids in infants undergoing cardiac surgery have been 
conducted [16, 29, 30]. These studies have revealed the 
uncertain influence of corticosteroids on infants and 
possible confounders, such as age, type of surgery, and 
CPB strategy and duration [16, 29, 30].

Therefore, we performed a systematic review and 
meta-analysis by analyzing all relevant RCTs to investi-
gate the impact of prophylactic corticosteroids on infants 
submitted to cardiac surgery with CPB. The null hypoth-
esis stated that there would be no significant difference 
in perioperative outcomes between infants treated with 
prophylactic corticosteroids and those treated with 
placebo.

Methods
We reported this systematic review and meta-analysis 
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines 
[31]. Before our study started, the protocol was registered 
in the International Prospective Register of Systematic 
Reviews (PROSPERO) database (registration number: 
CRD42023400176).

Search strategy and selection criteria
We systematically searched Medline, Embase, and 
Cochrane Central Register of Controlled Trials (CEN-
TRAL) databases from inception to March 1, 2024. Med-
ical Subject Heading (MeSH) terms and free text terms 
related to corticosteroids, infants, and cardiac surgery 
were selected. Search strategies are shown in Supple-
mentary Material 1. We also searched the Clinical Tri-
als Registry (www.​clini​caltr​ials.​gov) and Google Scholar 
to identify grey literature. In addition, the reference 
lists of all the included studies were screened to identify 
additional studies missed from the original electronic 
search. The inclusion criteria were as follows: (1) design: 
randomized controlled trials; (2) population: infants 
(≤ 12  months) scheduled for cardiac surgery with CPB; 
(3) intervention: perioperative (preoperative, intraopera-
tive, or postoperative) administration of corticosteroids 
(methylprednisolone, dexamethasone, hydrocortisone, or 
other corticosteroids) for prophylactic purposes; (4) con-
trol: placebo or none; and (5) outcomes: eligible studies 
must report at least one of the predetermined outcomes. 
The primary outcome was in-hospital postoperative 
mortality. Secondary outcomes included in-hospital 
postoperative acute kidney injury (AKI), cardiac arrest, 
extracorporeal membrane oxygenation (ECMO) support, 
low cardiac output syndrome (LCOS), neurologic events, 
infection, insulin treatment, duration of postoperative 
mechanical ventilation, and length of postoperative ICU 
stay. Exclusion criteria were as follows: (1) organ trans-
plantation; (2) corticosteroid administration for other 
purposes, such as supplement therapy, and allergy treat-
ment; and (3) patients with abnormalities of the hypotha-
lamic–pituitary–adrenal axis.

Data extraction
Two authors (SYW and YX) independently screened 
the literature and extracted data using the standard 
data collection form. A third author (HY) was involved 
when discrepancies appeared. We extracted the follow-
ing data: first author, title, journal, year of publication, 
study design, country, number of enrolled patients, dis-
tribution in both groups, patient characteristics, type of 
surgery, type of corticosteroids, corticosteroid adminis-
tration regimen, in-hospital postoperative mortality, AKI, 

http://www.clinicaltrials.gov
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cardiac arrest, ECMO support, LCOS, neurologic events, 
infection, insulin treatment, duration of postoperative 
mechanical ventilation, and length of postoperative ICU 
stay. Authors were contacted for missing data relevant to 
our study.

Risk of bias assessment
Two authors (SYW and YX) independently evaluated the 
risk of bias in the included studies according to version 
2.0 of the Cochrane Collaboration risk-of-bias tool [32]. 
The following domains were assessed: bias arising from 
the randomization process, bias due to deviations from 
intended interventions, bias due to missing outcome 
data, bias in measurement of the outcome, and bias in 
selection of the reported result. Each domain was evalu-
ated as having low risk of bias, some concerns, or high 
risk of bias. The overall risk of bias was assessed based on 
the judgment for individual domains. Any disagreement 
was resolved through consultation with a third author 
(HY).

Quality of evidence assessment
We evaluated the overall quality of evidence for each out-
come by the recommendation of the Grading of Recom-
mendations, Assessment, Development, and Evaluations 
(GRADE) system using GRADEpro software [33]. Two 
authors (SYW and YX) independently assessed the qual-
ity of evidence and categorized the certainty of evidence 
for each outcome as high, moderate, low, or very low. The 
following five domains participated in the assessment: 
risk of bias, imprecision, inconsistency, indirectness, and 
publication bias.

Statistical analyses
Dichotomous outcomes were presented as risk ratios 
(RR) and 95% confidence intervals (CI); continuous out-
comes were presented as mean differences (MD) and 95% 
CI. Heterogeneity was measured by using the I2 value 
for each outcome. Considering clinical heterogeneity 
between studies, including the type of surgery, duration 
of aortic cross-clamp, type and dose of corticosteroids 
used, a random-effects model was used for analysis. For 
studies with a zero-cell count, the treatment arm conti-
nuity correction was used. We performed prespecified 
subgroup analyses on the studies that enrolled only neo-
natal patients (≤ 1 month). Sensitivity analyses were also 
conducted using the leave-one-out method. To evalu-
ate publication bias, both visual assessments using fun-
nel plot asymmetry and statistical analysis using Egger’s 
regression test were employed. A symmetric funnel plot 
would suggest the absence of publication bias, while 
Egger’s test with a p-value less than 0.05 would indicate 
significant publication bias. All analyses were performed 

using R software version 4.2.2 (2022 The R Foundation 
for Statistical Computing).

Results
Study selection and characteristics
The initial electronic search retrieved 2,437 citations 
from databases (Medline 735; Embase 895; CENTRAL 
807), and the grey literature search identified an addi-
tional 83 studies. After removing duplicates, 2,066 stud-
ies were screened for titles and abstracts. We excluded 
1,983 studies based on their titles and abstracts, which 
led to 83 studies eligible for full-text review. 75 stud-
ies were excluded after full-text assessment. Reasons for 
major excluded articles are provided in Supplementary 
Material 2. Finally, 8 RCTs with a total of 1,920 partici-
pants fulfilled the predefined criteria and were included 
in our systematic review and meta-analysis (Fig.  1) [14, 
16, 29, 30, 34–37].

All included studies were published between 2005 
and 2022, with sample sizes ranging from 20 to 1,200 
patients. Among the included studies, three studies were 
multicenter RCTs, and the remainder were single-center 
RCTs. All studies included patients ≤ 1  year, with five 
studies comprising only neonatal patients (≤ 1  month). 
A variety of corticosteroids were used, including meth-
ylprednisolone, dexamethasone, and hydrocortisone. 
Corticosteroids were administered before surgery in one 
study, during the surgery in five studies, and during both 
intraoperative and postoperative periods in two studies. 
The type of surgery was miscellaneous in four studies and 
unreported in one study (Table 1).

The risk of bias assessment is shown in Supplementary 
Material 3. All the included studies had a low risk of bias 
or some concerns.

The quality of evidence assessment for the included 
studies is reported in Supplementary Material 4. All deci-
sions to downgrade the certainty of the evidence were 
justified in footnotes.

Primary outcome
All eight studies reported in-hospital postoperative 
mortality, with two studies reporting no events. Over-
all, 1,920 patients were assessed for in-hospital post-
operative mortality. Of these, 20 of 948 patients in the 
corticosteroids group and 32 of 972 patients in the pla-
cebo group died after surgery during hospitalization. 
The in-hospital postoperative mortality between the 
two groups showed no significant difference (2.1% vs. 
3.3%), with RR = 0.71, 95% CI [0.41, 1.21], and I2 = 0% 
(Fig.  2A). However, the study by Hill et  al. included 
more than half of the population in the analysis. There-
fore, a sensitivity analysis was performed to detect the 
influence of each study on the outcomes. Consequently, 
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removing any single study did not influence the result 
regarding mortality (Fig.  2B). The subgroup analysis 
of the neonatal studies also revealed consistent results 
(five studies: 3.6% vs. 7.1%, RR = 0.68, 95% CI [0.27, 
1.75], I2 = 0%) (Fig. 2C). The funnel plot is provided in 
Supplementary Material 5. Additionally, the Egger’s 
test suggested that publication bias did not significantly 
affect our results (P = 0.70).

Secondary outcomes
In-hospital postoperative AKI was reported in four 
studies. From these, 51 of 894 patients in the corti-
costeroids group and 64 of 916 patients in the placebo 
group developed AKI during the postoperative period, 
with no significant difference between the two groups 
(5.7% vs. 7.0%, RR = 0.92, 95% CI [0.68, 1.24], I2 = 0%) 

Fig. 1  Flow diagram of study selection
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(Fig.  3A). Furthermore, subgroup analysis of two neo-
natal studies showed consistent results (Fig. 3B).

Three studies reported in-hospital postoperative car-
diac arrest, and two studies reported in-hospital postop-
erative ECMO support. No significant difference between 
corticosteroids and placebo groups was revealed (car-
diac arrest: 2.5% vs. 3.8%, RR = 0.67, 95% CI [0.40, 1.14], 
I2 = 0%; ECMO support: 1.8% vs. 4.7%, RR = 0.41, 95% CI 
[0.15, 1.10], I2 = 0%) (Fig. 3C, D). The neonatal study by 
Graham et al. reported consistent results.

In-hospital postoperative LCOS and neurologic events 
were reported in two studies. There was no significant 
difference between corticosteroids and placebo groups 

(LCOS: 10.0% vs. 13.2%, RR = 0.80, 95% CI [0.63, 1.03], 
I2 = 0%; neurologic events: 2.9% vs. 3.7%, RR = 0.75, 95% 
CI [0.37, 1.53], I2 = 38%) (Fig. 4A, B).

Five studies reported postoperative insulin administra-
tion. Our analysis found that prophylactic corticosteroid 
treatment significantly increased postoperative insulin 
treatment (19.0% vs. 6.5%, RR = 2.78, 95% CI [2.05, 3.77], 
I2 = 0%) (Fig.  4C). Subgroup analysis of three neonatal 
studies showed consistent results (Fig. 4D).

In-hospital postoperative infection was reported in five 
studies. There was no significant difference between cor-
ticosteroids and placebo groups (6.0% vs. 5.6%, RR = 1.07, 
95% CI [0.74, 1.55], I2 = 0%) (Fig.  5A). The analysis of 

Table 1  Characteristics of included studies

Study Center Country No. of 
patients

Age Type of 
surgery

Type of 
corticosteroids

Timing Regimen Control

Ando2005 [34] 1 Japan 20(10/10)  ≤ 28 days complete 
biventricular 
repair

hydrocortisone intraopera-
tive, postop-
erative

0.18 mg/kg/h 
for 3 days, 
0.09 mg/kg/h 
for 2 days, 
0.045 mg/
kg/h for 2 day

placebo

Graham2019 
[29]

2 US 176(81/95)  ≤ 31 days miscellaneous methylpredni-
solone

intraoperative 30 mg/kg, 
after induc-
tion of anes-
thesia

placebo

Heying2012 
[14]

1 Germany 20(9/11) 8-21 days arterial switch dexamethasone preoperative 1 mg/kg, 4 h 
before sched-
uled start 
of CPB

placebo

Hill2022 [16] 24 US 1200(599/601)  < 1 year miscellaneous methylpredni-
solone

intraoperative 30 mg/kg, 
CPB pump-
priming fluid

placebo

Keski-Nis-
ula2013 [35]

1 Finland 40(20/20)  ≤ 28 days miscellaneous methylpredni-
solone

intraoperative 30 mg/kg, 
after induc-
tion of anes-
thesia

placebo

Keski-Nis-
ula2020 [36]

1 Finland 30(15/15) 2-12 months bidirectional 
Glenn proce-
dure

methylpredni-
solone

intraoperative 30 mg/kg, 
after induc-
tion of anes-
thesia

placebo

Lomivoro-
tov2020 [30]

4 Brazil, China, 
Russia

394(194/200)  ≤ 12 months not reported dexamethasone intraoperative 1 mg/kg, 
after induc-
tion of anes-
thesia

placebo

Suominen2017 
[37]

1 Finland 40(20/20)  ≤ 28 days miscellaneous methylpredniso-
lone, hydrocor-
tisone

intraopera-
tive, postop-
erative

2 mg/kg 
methylpred-
nisolone 
after induc-
tion, hydro-
cortisone 
infusion 
0.2 mg/kg/h 
for 48 h, 
0.1 mg/kg/h 
for 48 h, 
and 0.05 mg/
kg/h for 24 h

placebo
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three neonatal studies also showed consistent results 
(Fig. 5B).

Duration of postoperative mechanical ventilation was 
available in five studies. No significant difference was 
found (MD = -12.17  h, 95% CI [-27.35, 3.02], I2 = 29%) 

(Fig.  6A). However, the subgroup analysis of neonatal 
studies suggested a significantly decreased duration of 
postoperative mechanical ventilation in patients treated 
with corticosteroids (MD = -22.28  h, 95% CI [-42.58, 
-1.97], I2 = 0%) (Fig. 6B).

Fig. 2  A Forest plot for the impact of corticosteroids versus placebo on postoperative mortality. B Sensitivity analysis on postoperative mortality 
by the leave-one-out method. C Subgroup analysis of neonatal studies on postoperative mortality
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Length of postoperative ICU stay was assessed in six 
studies, and no significant difference between groups 
was found (MD = -0.37 days, 95% CI [-0.84, 0.10], I2 = 0%) 
(Fig. 6C). The subgroup analysis of four neonatal studies 
revealed consistent results (Fig. 6D).

Discussion
This systematic review and meta-analysis found no sig-
nificant benefit of prophylactic corticosteroids in infants 
undergoing on-pump cardiac surgery in terms of in-hos-
pital postoperative mortality, AKI, cardiac arrest, ECMO 

Fig. 3  A Forest plot for the impact of corticosteroids versus placebo on postoperative AKI. B Subgroup analysis of neonatal studies 
on postoperative AKI. C Forest plot for the impact of corticosteroids versus placebo on postoperative cardiac arrest. D Forest plot for the impact 
of corticosteroids versus placebo on postoperative ECMO support
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support, LCOS, neurologic events, infection, or length of 
ICU stay. However, a significant reduction in the duration 
of postoperative mechanical ventilation was observed in 
neonatal studies. Notably, prophylactic corticosteroids 

were associated with an increased incidence of postop-
erative insulin treatment.

Corticosteroids have been widely used in infants 
undergoing cardiac surgery for decades. According to 

Fig. 4  A Forest plot for the impact of corticosteroids versus placebo on postoperative LCOS. B Forest plot for the impact of corticosteroids 
versus placebo on postoperative neurologic events. C Forest plot for the impact of corticosteroids versus placebo on postoperative insulin 
treatment. D Subgroup analysis of neonatal studies on postoperative insulin treatment
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the analysis of the Society of Thoracic Surgeons Con-
genital Heart Surgery Database (STS-CHSD), over half 
of infants undergoing cardiac surgery were treated with 
corticosteroids during the perioperative period [16]. The 
mechanism of the potential benefit of corticosteroids on 
patients undergoing cardiac surgery is mainly related to 
their anti-inflammatory effect [13–15]. However, the 
benefit of corticosteroids on clinical outcomes remains 
uncertain. Additionally, potential detrimental effects, 
such as hyperglycemia, have been reported [38]. Previous 
studies and meta-analyses on adult and pediatric patients 
have shown that corticosteroids do not improve clinical 
outcomes in cardiac surgical patients [19–27]. A signifi-
cant reduction in mortality and postoperative inotropic 
score in younger patients who received prophylactic cor-
ticosteroids was reported by a recent meta-analysis [28]. 
Infants are believed to experience more pronounced 
inflammatory responses to CPB due to immature organ 
function and a disparity between the CPB circuit size and 
the patient [39]. The report from STS-CHSD also dem-
onstrated worse clinical outcomes in infants and neo-
nates [6]. Currently, there is a lack of systematic reviews 
and meta-analyses focusing on prophylactic corticoster-
oids in infants undergoing cardiac surgery with CPB.

Our analysis demonstrated that prophylactic corticos-
teroids might not significantly decrease postoperative 
mortality, AKI, cardiac arrest, ECMO support, neuro-
logic events, infection, or length of ICU stay in infants 
undergoing cardiac surgery. This result was consistent 
with the meta-analyses in pediatric patients [22–27]. 
It was noteworthy that three recent meta-analyses con-
ducted subgroup analyses of infants and neonates 
regarding postoperative mortality, which also showed 
consistent results with our study [26–28]. However, other 
clinically important outcomes were not reported. To the 
best of our knowledge, this is the first systematic review 
and meta-analysis focusing on infants and neonates. Our 
findings were also in line with recent large-scale RCTs 
[16, 29, 30]. However, given the low event rates of the 
aforementioned outcomes, it is possible that the potential 
beneficial effects provided by corticosteroids are not sig-
nificant enough to be detected with the current sample 
size. Thus, further large-scale RCTs are needed, and com-
posite clinical outcomes may be used due to the declining 
event rates.

The meta-analysis also revealed no significant differ-
ence in postoperative LCOS. This finding was not con-
sistent with previous meta-analyses in the pediatric 

Fig. 5  A Forest plot for the impact of corticosteroids versus placebo on postoperative infection. B Subgroup analysis of neonatal studies 
on postoperative infection
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population [26, 27]. The inconsistency may be due to the 
different ages of the patients. Previous research has iden-
tified age as a risk factor for LCOS, with a higher inci-
dence found in younger children [40, 41].

Our analysis detected an increase in postoperative 
insulin treatment in infants who received prophylactic 
corticosteroids. Meta-analyses of the pediatric popu-
lation by Cheema et  al. and Takeshita et  al. revealed 

Fig. 6  A Forest plot for the impact of corticosteroids versus placebo on duration of postoperative mechanical ventilation (hours). B Subgroup 
analysis of neonatal studies on duration of postoperative mechanical ventilation (hours). C Forest plot for the impact of corticosteroids 
versus placebo on length of postoperative ICU stay (days). D Subgroup analysis of neonatal studies on length of postoperative ICU stay (days)
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consistent results [26, 27]. This finding indicates a poten-
tial increase in the rate of postoperative hyperglyce-
mia and insulin resistance, which might lead to severe 
complications [42]. However, it is difficult to assess the 
impact on insulin use, as it may be related to the dose of 
corticosteroids and the institutional protocol for insulin 
initiation and use. Prophylactic corticosteroids should be 
used more cautiously and with more rigorous blood glu-
cose monitoring in infants to ensure their safety.

The subgroup analysis suggested a significantly reduced 
duration of mechanical ventilation in neonates who 
received prophylactic corticosteroids. This result was not 
highlighted in recent RCTs but was in accordance with 
the meta-analyses involving pediatric patients [25–27]. 
The rationale for this finding is that, in addition to the 
anti-inflammatory effect on the lungs, corticosteroids 
could also reduce the incidence of post-extubation stri-
dor and extubation failure [43, 44]. Hence, prophylactic 
corticosteroids might be considered for neonates at high 
risk of pulmonary complications and extubation failure.

Our review has several strengths. First, this is the 
first systematic review and meta-analysis to investigate 
the effect of prophylactic corticosteroids on clinically 
important outcomes in infants and neonates undergoing 
on-pump cardiac surgery. In addition, we comprehen-
sively searched and screened literature from three large 
databases and other sources. Furthermore, this review 
followed a rigorous methodology. Assessment of eligibil-
ity criteria, data extraction, and outcome grading were 
conducted in duplicate with a high degree of agreement. 
Finally, subgroup and sensitivity analyses were performed 
to address potential confounding factors.

Limitations are also presented in the study. Firstly, the 
overall low postoperative mortality and morbidity of AKI, 
ECMO support, cardiac arrest, and neurologic events may 
limit the ability to draw definite conclusions with the cur-
rent sample size. Secondly, there is clinical heterogeneity 
between studies, including the type of surgery, CPB strat-
egy and duration, duration of aortic cross-clamp, and regi-
men of corticosteroid administration. Subgroup analysis of 
these confounders was not performed due to miscellaneous 
and insufficient data from the included RCTs. The studies 
by Hill et al. and Bronicki et al. revealed controversy regard-
ing the effect of corticosteroids stratified by the complexity 
of surgery, and the study by Graham et al. showed that cor-
ticosteroids were protective mainly in palliative procedures 
[16, 22, 29]. This question was unresolved in our analysis, 
and further studies are needed. Lastly, it is worth noting that 
the study by Hill et al. contributed to 1,200 out of 1,920 sam-
ples, which might have influenced the result [16]. To address 
this confounder, sensitivity analysis was conducted using 
the leave-one-out method, which led to consistent results.

Conclusions
In conclusion, our systematic review and meta-anal-
ysis demonstrated that prophylactic corticosteroids 
could not improve in-hospital postoperative mortality, 
AKI, cardiac arrest, ECMO support, LCOS, neurologic 
events, infection, or length of ICU stay, but might signif-
icantly reduce the duration of postoperative mechanical 
ventilation in neonates undergoing cardiac surgery with 
CPB. We also observed significantly increased postoper-
ative insulin treatment in infants who received prophy-
lactic corticosteroids. Therefore, current evidence does 
not support the routine prophylactic use of corticoster-
oids in infants undergoing on-pump cardiac surgery. We 
recommend further large-scale research to validate our 
findings and investigate the most effective agent, optimal 
dosing regimen, and specific impact on various types of 
cardiac surgery.
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