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Abstract

Background Cardiopulmonary bypass during coronary artery bypass grafting is associated with activation of
systemic inflammatory pathways that may contribute to postoperative complications. Corticosteroids have been used
to attenuate cardiopulmonary bypass -induced inflammatory responses; however, the optimal dosing strategy for
methylprednisolone remains controversial. This study aimed to compare the effects of high-dose versus low-dose
methylprednisolone on systemic inflammatory response and postoperative clinical outcomes in patients undergoing
elective coronary artery bypass grafting with cardiopulmonary bypass.

Methods In this double-masked randomized trial, 40 adult patients undergoing elective coronary artery bypass grafting
with cardiopulmonary bypass were assigned to two equal groups. All patients received methylprednisolone at 30 mg/
kg in the cardiopulmonary bypass priming solution before initiation of cardiopulmonary bypass. The high-dose group
additionally received intravenous methylprednisolone 30 mg/kg after cardiopulmonary bypass separation, while
the low-dose group received placebo. Serum tumor necrosis factor-alpha, C-reactive protein, polymorphonuclear
leukocyte count, creatine kinase-MB, and blood glucose were measured preoperatively and two hours postoperatively.
Clinical outcomes evaluated included mechanical ventilation duration, inotropic support requirement, and ICU stay.

Results Baseline demographic and intraoperative variables were comparable. Postoperative tumor necrosis factor-
alpha, C-reactive protein, creatine kinase-MB, and blood glucose increased in both groups without significant
intergroup differences (p > 0.05). However, postoperative polymorphonuclear leukocyte counts were significantly
lower in the high-dose group compared with the low-dose group (8447.35 +2932.47 vs. 11398.90 £ 4730.71; P=0.02).
No significant differences were observed in mechanical ventilation duration (6.58 £ 2.60 vs. 7.85 + 4.12 hours; p =
0.25), ICU stay (2.70 £ 0.73 vs. 2.92 £ 0.59 days; p = 0.29), or postoperative inotropic support requirements.

Conclusion High-dose methylprednisolone during coronary artery bypass grafting with cardiopulmonary bypass
significantly reduced postoperative polymorphonuclear leukocyte counts, suggesting partial inflammatory response
attenuation. However, no significant improvement was observed in other inflammatory markers or short-term clinical
outcomes compared with the low-dose regimen. Routine high-dose methylprednisolone use for coronary artery bypass
grafting patients undergoing cardiopulmonary bypass may therefore not provide substantial additional clinical benefit.
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1 Introduction

Cardiopulmonary bypass (CPB) remains an indispensable
component of modern coronary artery bypass grafting
(CABQG); however, itis strongly associated with activation
of systemic inflammatory pathways that may contribute
to postoperative organ dysfunction and adverse clinical
outcomes. Despite significant advances in surgical
techniques, perfusion technology, and perioperative
management, CPB-induced systemic inflammatory
response syndrome (SIRS) continues to represent a major
challenge in cardiac surgery.")

The inflammatory response during CPB is multifactorial
and results from contact of blood with artificial
extracorporeal surfaces, ischemia-reperfusion injury,
endotoxemia, oxidative stress, surgical trauma, and
activation of the complement and coagulation cascades.
These processes lead to the activation of neutrophils,
monocytes, endothelial cells, and platelets, followed
by the release of pro-inflammatory cytokines, including
tumor necrosis factor-a (TNF-a), interleukin (IL)-6, and
IL-8.2%1 Excessive inflammatory activation has been
associated with pulmonary dysfunction, myocardial
injury, acute kidney injury, vasoplegia, prolonged
mechanical ventilation, and increased intensive care unit
(ICU) stay following cardiac surgery.™*

Among inflammatory mediators, TNF-a plays a central
role in initiating the inflammatory cascade after CPB.
Elevated circulating levels of TNF-a and IL-6 have been
correlated with postoperative morbidity and severity
of inflammatory response.’! Therefore, attenuation of
perioperative inflammation has become an important
therapeutic target in cardiac anesthesia and perioperative
medicine.

Corticosteroids have long been investigated as potential
modulators of CPB-associated inflammation because of
their potent anti-inflammatory and immunosuppressive
properties. Methylprednisolone suppresses transcription
of pro-inflammatory cytokines, reduces leukocyte
activation, stabilizes lysosomal membranes, and
inhibits complement-mediated inflammatory pathways.
11 Several randomized trials and meta-analyses have
evaluated perioperative corticosteroid administration in
cardiac surgery; however, their clinical efficacy remains
controversial.

Recent systematic reviews and meta-analyses have
shown conflicting findings regarding the benefits of
corticosteroids in adult cardiac surgery. A 2024 Cochrane
review involving more than 17,000 patients reported
that prophylactic corticosteroids may slightly reduce
pulmonary complications but have little or no effect on
mortality and may increase certain cardiac complications.
1" Similarly, a contemporary meta-analysis published
in 2024 demonstrated that although corticosteroids

attenuate inflammatory responses, their effects on major
postoperative outcomes remain inconsistent across
studies.’ On the other hand, some recent investigations
suggested that corticosteroids may reduce vasoactive
inotropic requirements and improve postoperative
recovery in selected patient populations undergoing
CPB.”

An additional unresolved issue is the optimal dosing
strategy for methylprednisolone during cardiac
surgery. While high-dose corticosteroid regimens may
theoretically provide greater suppression of inflammatory
mediators, they may also increase adverse effects such
as hyperglycemia, impaired wound healing, infection,
and myocardial complications. Previous studies
comparing high-dose and low-dose methylprednisolone
protocols have yielded inconsistent results, and evidence
supporting the superiority of one regimen over another
remains insufficient.!'”’

Current European guidelines for CPB in adult cardiac
surgery also emphasize that, although modulation of the
inflammatory response is clinically important, routine
administration of high-dose corticosteroids cannot yet
be universally recommended due to limited evidence of
meaningful improvement in clinical outcomes.!'"

Given the ongoing controversy  surrounding
perioperative corticosteroid administration and the lack
of consensus regarding the optimal methylprednisolone
dose, the present study aimed to compare the effects
of high-dose versus low-dose methylprednisolone on
systemic inflammatory response and postoperative
clinical outcomes in patients undergoing CABG with
CPB. We specifically evaluated perioperative TNF-a
levels, inflammatory biomarkers, biochemical changes,
duration of mechanical ventilation, inotropic support
requirements, and ICU length of stay.

2 Methods

This double-blind randomized clinical trial was conducted
on 40 adult patients with ischemic heart disease who
were candidates for elective CABG with CPB at Seyed
Al-Shohada Educational and Medical Center, affiliated
with Urmia University of Medical Sciences.

Patients aged over 18 years with left ventricular ejection
fraction (LVEF) > 45% who were scheduled for elective
isolated CABG surgery using CPB were included in
the study. Patients with a history of corticosteroid
therapy, diabetes mellitus, active pulmonary infection,
gastrointestinal bleeding, severe systemic disorders,
including hepatic or renal disease, autoimmune disorders,
emergency surgery, reoperation, or combined cardiac
procedures were excluded from the study.

Following induction of anesthesia and before initiation
of CPB, patients were randomly assigned to two equal
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groups using a computer-generated randomization
table and sealed opaque envelopes. Both patients and
investigators responsible for postoperative evaluations
and laboratory analyses were blinded to group allocation
throughout the study period.

All  patients underwent standardized anesthetic
and surgical management. Standard intraoperative
monitoring included electrocardiography, invasive
arterial blood pressure monitoring, pulse oximetry,
central venous pressure monitoring, end-tidal carbon
dioxide monitoring, and urinary output monitoring.
CPB was established using a standard extracorporeal
circulation system with non-pulsatile flow and moderate
systemic hypothermia. Myocardial protection was
achieved using cold cardioplegia in accordance with
institutional protocols. The CPB circuit, priming solution
composition, and operative conditions were identical in
both groups.

Patients were randomly assigned to one of two study
groups. In both groups, methylprednisolone 30 mg/
kg was added to the CPB priming solution before
initiation of CPB. Following separation from CPB and
stabilization of hemodynamic status, patients in the high-
dose methylprednisolone group received an additional
intravenous dose of methylprednisolone 30 mg/kg. In
contrast, patients in the low-dose group received an equal
volume of normal saline placebo prepared in an identical
syringe.

The study was designed as a double-masked trial.
Patients, surgeons, anesthesiologists responsible for
postoperative management, ICU staff, laboratory
personnel, and investigators analyzing study outcomes
were all blinded to treatment allocation. Preparation
of methylprednisolone and placebo solutions was
performed by an independent anesthesia technician who
was not involved in data collection or patient evaluation.
Both intervention protocols were prepared in identical
syringes and infusion containers, with the same volume
and appearance, to maintain blinding throughout the
study period. Group allocation codes remained concealed
until completion of statistical analysis.

Demographic and intraoperative variables, including age,
sex, duration of CPB, aortic cross-clamp time, number of
grafts, duration of surgery, and requirement for inotropic
support during CPB weaning, were recorded for all
patients. Blood samples were collected immediately after
induction of anesthesia as baseline values and again two
hours after surgery. Serum tumor necrosis factor-alpha
(TNF-a), C-reactive protein (CRP), polymorphonuclear
leukocyte (PMN) count, creatine kinase-MB (CK-MB),
and blood glucose levels were measured in all patients.
Postoperative clinical outcomes, including duration
of mechanical ventilation, time to tracheal extubation,
requirement for inotropic support, and length of ICU
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stay, were also documented.

All laboratory analyses were performed under identical
conditions using the same assay kits and standardized
laboratory techniques. In cases of withdrawal or
development of confounding clinical conditions during
the study period, patients were replaced to maintain the
required sample size.

Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) software version
25 (IBM Corp., Armonk, NY, USA). Quantitative
variables were expressed as mean + standard deviation
(SD), and -categorical variables were presented as
frequency and percentage. The Kolmogorov—Smirnov
test was used to assess the normality of the data. An
independent-samples t-test was applied for comparison
of continuous variables between groups, while a chi-
square test or Fisher’s exact test was used for categorical
variables where appropriate. A p-value less than 0.05 was
considered statistically significant.

3 Results

A total of 40 patients undergoing elective CABG with
CPB were enrolled in this double-masked randomized
clinical trial. All patients completed the study protocol
and were included in the final statistical analysis. The
study population consisted of 33 male patients (82.5%)
and 7 female patients (17.5%). The overall mean age of
the participants was 63.57 = 10.76 years.

Patients were randomly allocated to two equal groups:
the high-dose methylprednisolone group (n=20)
and the low-dose methylprednisolone group (n=20).
Baseline demographic characteristics and intraoperative
variables were comparable between the two groups, and
no statistically significant differences were observed
regarding age, sex distribution, duration of CPB, or aortic
cross-clamp time (Table 1).

Table 1 Baseline demographic and intraoperative characteris-
tics of the study population

Variable High-dose MP Low-dose MP  P-value
(n =20) (n =20)

Age (years) 64.10+£10.80 63.05+10.83 0.76**

Male sex, n (%) 17 (85%) 16 (80%) 0.50*

Female sex, n (%) 3 (15%) 4 (20%)

CPB duration (min) ~ 133.40£23.96 123.35+£2440 0.10%*

Aortic cross-clamp ~ 94.30+£22.07  87.15+18.16  0.20**

time (min)

* Fisher’s exact test

** Independent-samples t-test

Assessment of inflammatory and biochemical markers
demonstrated that serum TNF-a levels increased
postoperatively in both study groups. Baseline
TNF-o levels were 0.10 pg/mL in the high-dose
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methylprednisolone group and 0.33 + 0.17 pg/mL in
the low-dose group (p = 0.32). Two hours after surgery,
TNF-a levels increased to 0.24 £+ 0.18 pg/mL and 1.76
+ 0.49 pg/mL in the high-dose and low-dose groups,
respectively, without a statistically significant difference
between groups (p = 0.43). Similarly, serum CRP levels
were elevated postoperatively in both groups. Baseline
CRP levels were 5.84 £4.19 mg/L in the high-dose group
and 5.55 + 5.26 mg/L in the low-dose group (p = 0.55).
Two hours after surgery, CRP levels increased to 7.77 +
2.57 mg/L in the high-dose group and 3.54 + 0.80 mg/L
in the low-dose group, with no statistically significant
intergroup difference (p = 0.12). Polymorphonuclear
leukocyte (PMN) counts increased significantly after
surgery in both groups. Baseline PMN counts were 4089
+ 1394.90 in the high-dose group and 3393.90 = 1076.07
in the low-dose group (p = 0.19). However, postoperative
PMN counts measured two hours after surgery were
significantly lower in the high-dose methylprednisolone
group compared with the low-dose group (8447.35 +
2932.47 vs. 11398.90 + 4730.71, respectively; p = 0.02)
(Table 2). Serum CK-MB concentrations increased
postoperatively in both groups without significant
intergroup differences. Baseline CK-MB levels were
27.55 + 17.82 U/L in the high-dose group and 24.50 +
20.11 U/L in the low-dose group (p = 0.61). Two hours
after surgery, CK-MB levels increased to 66.10 + 20.10

Postoperative clinical outcomes were comparable between
the two study groups. The mean duration of mechanical
ventilation and time to tracheal extubation was 6.58 +
2.60 hours in the high-dose methylprednisolone group
and 7.85 + 4.12 hours in the low-dose group, with no
statistically significant difference between groups (p =
0.25). Similarly, the mean length of stay in ICU was 2.70
+ 0.73 days in the high-dose group and 2.92 + 0.59 days
in the low-dose group, without a statistically significant
difference (p = 0.29) (Table 3).

Requirement for inotropic support during postoperative
management was observed in 5 patients (25%) in the
high-dose methylprednisolone group and one patient
(5%) in the low-dose group, whereas 15 patients (75%)
in the high-dose group and 19 patients (95%) in the low-
dose group did not require inotropic support (Table 3).
Overall, the administration of  high-dose
methylprednisolone was not associated with a significant
advantage over low-dose methylprednisolone in reducing
the systemic inflammatory response or improving
postoperative clinical outcomes in patients undergoing
CABG with CPB. The only statistically significant
finding was a lower postoperative PMN count in the
high-dose group.

Table 3 Comparison of postoperative clinical outcomes
between study groups

UL in the high-dose group and 53.65 + 12.11 U/Lin the """ @y mgy Pl
low-dose group (p = 0.53). Blood glucose levels also
increased following surgery in both groups. Baseline  Need forinotropic 5 (25%) 1(5%) 0.91%
glucose levels were 123.40 = 38.35 mg/dL in the high-  S"PPor-n %)
dose methylprednisolone group and 105.35 + 23:13 Extubation time (h) 6,58 +2.60 7854412 0.25%%
mg/dL in the low-dose group (p = 0.07). Postoperative
glucose levels increased to 168.40 + 36.32 mg/dL and  cy stay (days) 270+ 073 2924059 0.29%%
151.10 = 19.84 mg/dL in the high-dose and low-dose
groups, respectively, with no statistically significant [ ;ﬁ;ﬁ:g::;plm et
difference observed between the groups (p = 0.069)
(Table 2).
Table 2 Comparison of inflammatory and biochemical markers
Variable High-dose MP Low-dose MP P-value*
Baseline TNF-a (pg/mL) 0.10+0.27 0.17+0.33 0.32
Postoperative TNF-a (pg/mL) 0.18+0.24 0.49+1.76 0.43
Baseline CRP (mg/L) 4.19+5.84 5.26+5.55 0.55
Postoperative CRP (mg/L) 2.57+17.77 0.80 +3.54 0.12
Baseline PMN count 4089 + 1394.90 3393.90 £ 1076.07 0.19
Postoperative PMN count 8447.35 +£2932.47 11398.90 +4730.71 0.02
Baseline CK-MB (U/L) 27.55+17.82 24.50 20.11 0.61
Postoperative CK-MB (U/L) 66.10 +20.10 53.65+12.11 0.53
Baseline blood glucose (mg/dL) 123.40 + 38.35 105.35 £ 23.13 0.07
Postoperative blood glucose (mg/dL) 168.40 + 36.32 151.10 £ 19.84 0.069

* Independent-samples t-test
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4 Discussion

The present double-masked randomized clinical
trial evaluated the effects of high-dose versus low-
dose methylprednisolone on systemic inflammatory
response and postoperative clinical outcomes in patients
undergoing CABG with CPB. The principal finding of this
study was that administration of an additional high dose
of methylprednisolone after CPB significantly reduced
postoperative polymorphonuclear leukocyte (PMN)
counts compared with the low-dose regimen. However,
no statistically significant differences were observed
between the groups regarding serum TNF-a levels, CRP
concentrations, CK-MB levels, blood glucose changes,
duration of mechanical ventilation, ICU length of stay,
or requirement for inotropic support. These findings
suggest that although intensified corticosteroid therapy
may attenuate certain components of the inflammatory
cascade, this effect may not necessarily translate into
clinically meaningful improvements in short-term
postoperative outcomes.

Cardiopulmonary bypass is known to induce a complex
systemic inflammatory response through several
mechanisms, including contact of blood with artificial
extracorporeal surfaces, ischemia-reperfusion injury,
complement activation, oxidative stress, endotoxemia,
and the release of pro-inflammatory cytokines.!'>'*
Among these mediators, TNF-a plays a pivotal role in
initiating and amplifying postoperative inflammation and
has been associated with organ dysfunction and adverse
outcomes after cardiac surgery.!'>'* > In the present study,
postoperative TNF-a levels increased in both groups,
although the increase appeared numerically lower in
the high-dose methylprednisolone group. Nevertheless,
this difference did not reach statistical significance. This
finding may be related to the relatively small sample size,
interindividual variability in cytokine response, and the
limited timing of postoperative cytokine measurements.

In contrast, postoperative PMN counts were significantly
lower in patients receiving high-dose methylprednisolone.
This observation is biologically plausible because
corticosteroids inhibit neutrophil activation, endothelial
adhesion, and migration into inflamed tissues.!'*!”
Activated neutrophils are considered major contributors
to endothelial injury, pulmonary dysfunction, and tissue
damage following CPB. Therefore, suppression of
neutrophilic inflammatory activity may indicate partial
attenuation of the CPB-induced inflammatory response
with higher corticosteroid exposure.

The findings of the present study are generally consistent
with previous investigations evaluating corticosteroid
administration during cardiac surgery.®!"!¥ Varan et
al. demonstrated that high-dose methylprednisolone
reduced inflammatory activation during pediatric cardiac
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surgery; however, this reduction was not consistently
associated with improved clinical outcomes.!'” Similarly,
recent meta-analyses have shown that corticosteroids
may attenuate inflammatory markers without providing
definitive benefits regarding mortality or major
postoperative complications.

The recent 2024 Cochrane systematic review involving
more than 17,000 adult cardiac surgery patients
concluded that prophylactic corticosteroids may
slightly reduce pulmonary complications but have little
or no effect on mortality and may increase the risk of
certain cardiovascular adverse events.'¥! Likewise,
the meta-analysis by Losiggio et al. in 2024 reported
that although corticosteroids may reduce vasoactive
inotropic requirements in selected populations, evidence
supporting improvement in major clinical outcomes
remains inconsistent.”! Chen et al. also demonstrated that
perioperative corticosteroids may reduce inflammatory
responses but do not consistently shorten ICU stay or
mechanical ventilation duration.”’

An important finding of the current study was the absence
of'significant differences in postoperative clinical recovery
parameters between groups. Although extubation time was
numerically shorter in the high-dose methylprednisolone
group, the difference was not statistically significant.
Similarly, ICU stay was comparable between groups.
These observations support the growing evidence that
suppression of biochemical inflammatory markers alone
may not necessarily improve overall postoperative
recovery.*>!¥ Multiple perioperative factors, including
surgical technique, myocardial preservation, duration of
CPB, fluid management, preoperative patient status, and
postoperative critical care, likely play a greater role in
determining clinical outcomes.

Although corticosteroids are effective in attenuating
certain inflammatory pathways activated during CPB,
improvements in postoperative clinical outcomes, such
as duration of mechanical ventilation, time to tracheal
extubation, requirement for inotropic support, and ICU
length of stay, are influenced by multiple perioperative
factors. These outcomes are determined not only by
the degree of systemic inflammatory suppression but
also by myocardial function, preoperative clinical
status, pulmonary reserve, fluid balance, transfusion
burden, duration of CPB, surgical complexity, and
postoperative critical care management. Therefore, the
reduction in PMN counts observed in the high-dose
methylprednisolone group may not have been sufficient
to translate into measurable improvements in early
postoperative recovery. This interpretation is consistent
with previous studies showing that corticosteroids
may reduce inflammatory markers without producing
consistent benefits in ventilation time, ICU stay, or
vasoactive inotropic requirements. ¢!
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Another clinically relevant observation was the
postoperative increase in blood glucose levels in both
groups, with a tendency toward higher glucose levels
in the high-dose methylprednisolone group. Although
this difference did not reach statistical significance,
corticosteroid-induced  hyperglycemia remains an
important concern in cardiac surgery patients because
it may contribute to impaired wound healing, increased
infection risk, and adverse cardiovascular events.
Previous studies have similarly reported increased
insulin requirements and postoperative hyperglycemia
with higher corticosteroid doses."'”!

The findings of the present trial are also aligned with
contemporary European recommendations regarding
inflammatory modulation during CPB.I'Y The 2024
EACTS/EACTAIC/EBCP Guidelines emphasize
that despite the pathophysiological rationale for
corticosteroid administration, current evidence remains
insufficient to universally recommend routine high-dose
corticosteroid therapy for adult cardiac surgery patients.
'] Therefore, corticosteroid administration should likely
be individualized according to patient characteristics,
inflammatory risk profile, and institutional practice.
Several limitations of the present study should be
acknowledged. First, the relatively small sample size may
have limited the statistical power to detect modest but
clinically relevant differences between groups. Second,
only a limited number of inflammatory biomarkers were
measured, whereas other important mediators, such as
IL-6, IL-8, IL-10, and complement activation markers,
were not evaluated. Third, inflammatory biomarkers
were measured only during the early postoperative
period, which may not fully reflect the dynamic
inflammatory response following CPB. In addition, long-
term postoperative outcomes, including atrial fibrillation,
acute kidney injury, infection, and mortality, were not
assessed.

Despite these limitations, the present study has several
strengths, including its randomized double-masked
design, standardized anesthetic and surgical management,
and simultaneous assessment of laboratory and clinical
outcomes. The study provides additional evidence on the
ongoing controversy over optimal corticosteroid dosing
strategies during cardiac surgery with CPB.

5 Conclusion

In  conclusion, administration  of  high-dose
methylprednisolone in patients undergoing CABG with
CPB significantly reduced postoperative PMN counts,
suggesting partial attenuation of the inflammatory
response. However, high-dose therapy did not produce
significant improvements in serum TNF-a levels, CRP
concentrations, duration of mechanical ventilation, ICU

stay, or postoperative inotropic requirements compared
with the low-dose regimen.

These findings indicate that although higher doses
of methylprednisolone may suppress certain cellular
inflammatory pathways, this effect does not necessarily
translate into superior short-term clinical outcomes.
Considering the potential adverse effects associated
with high-dose corticosteroid therapy, including
hyperglycemia and metabolic complications, routine
administration of high-dose methylprednisolone during
CABG cannot currently be strongly recommended.
Further large-scale, multicenter, randomized trials
with comprehensive inflammatory profiling and long-
term follow-up are needed to determine the optimal
corticosteroid dosing strategy and identify patient
subgroups that may derive the greatest benefit from
perioperative corticosteroid administration.
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