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Abstract

Introduction: This study aimed to compare the myocardial protective effects of sevoflurane and propofol in patients
undergoing Off-Pump Coronary Artery Bypass Grafting (OPCAB). Both anesthetic agents are commonly used in
cardiac surgery; however, their relative efficacy in myocardial protection remains unclear. Methods: A total of 36
patients scheduled for elective OPCAB surgery were randomly assigned to two groups: 18 patients received
sevoflurane, and 18 received propofol as anesthetic agents. Myocardial injury was assessed by measuring serum CK-
MB levels at three time points: pre-induction (T0), 10 h post-surgery (T1), and 24 h post-surgery (T2). Left ventricular
function was evaluated by measuring the ejection fraction (EF) preoperatively and postoperatively. Hemodynamic
parameters (heart rate, mean arterial pressure, and central venous pressure) were monitored throughout the surgery.
Postoperative recovery was assessed by measuring the duration of mechanical ventilation, ICU stay, and hospital
stay. Statistical comparisons were made using appropriate tests (t-test, Mann-Whitney, and chi-square) with
significance set at p < 0.05. Results: No significant differences were found in CK-MB levels between the sevoflurane
and propofol groups at any of the three time points (TO, T1, and T2), indicating equivalent myocardial protection in
both groups. The mean CK-MB values at TO, T1, and T2 were comparable between the sevoflurane (19.61 + 88.081,
74.83 £ 70.503, 49.06 + 44.421, respectively) and propofol groups (21.72 £ 10.532, 56.28 + 32.807, 49.00 + 29.019,
respectively). Similarly, ejection fraction values were similar between the two groups preoperatively (sevoflurane:
50.01 £ 14.907%, propofol: 52.67 + 13.676%) and postoperatively (sevoflurane: 50.72 + 12.027%, propofol: 49.72
+ 12.136%). The hemodynamic parameters (heart rate, mean arterial pressure, and central venous pressure) were
stable and comparable between the groups. Postoperative recovery outcomes, including mechanical ventilation
duration, ICU stay, and hospital stay, were similar between the two groups. Conclusion: Sevoflurane and propofol
provided equivalent myocardial protection during OPCAB surgery. These findings suggest that either anesthetic
agent can be safely and effectively used for anesthesia management in OPCAB procedures without significant
differences in myocardial injury or cardiac function.
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INTRODUCTION

Coronary artery disease (CAD) is one of the leading causes of mortality in Indonesia. According to the 2018
Basic Health Research (Riset Kesehatan Dasar) data, the prevalence of heart disease based on physician diagnosis is
1.5%, with the highest rates observed in North Kalimantan (2.2%), Yogyakarta Special Region (2%), and Gorontalo
(2%) [1]. Additionally, there has been a noted increase in the prevalence of heart attacks among individuals under 40
years of age, rising by 2% annually from 2000 to 2016 [2—4]. One of the surgical interventions for treating CAD is
Coronary Artery Bypass Grafting (CABG). In Indonesia, the incidence of CABG procedures is notably high, with a
continuous increase in the number of patients annually. However, specific epidemiological data on the number and
distribution of CABG surgeries in Indonesia remain limited. In cases where coronary artery occlusions cannot be
addressed by stenting, revascularization through surgical bypass is required to restore blood flow. CABG using
cardiopulmonary bypass (CPB) involves halting the heart during coronary implantation. During this procedure,
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myocardial preservation must be maintained using cardioplegia solutions, although ischemia often occurs and is
frequently monitored by the duration of the ischemia [4]. Myocardial injury during cardiac surgery is typically mild;
however, severe injury can lead to fatal complications. Over the last 50 years, numerous therapeutic strategies have
been explored and developed to provide myocardial protection during cardiac surgery. Myocardial protection aims
to shield the heart from ischemic and reperfusion injuries during surgery. Effective myocardial protection
significantly improves the patient’s heart condition and enhances their quality of life after surgery. Conversely,
inadequate myocardial protection can result in worsened outcomes, often leading to patient death postoperatively [S—
8].

To reduce the high mortality and morbidity rates, strategies to mitigate complications, such as organ
dysfunction and systemic inflammation related to CPB use, as well as to shorten ischemic time, are crucial in CABG
procedures [9]. Off-pump coronary artery bypass (OPCAB) is a technique developed to address these concerns. In
this procedure, coronary bypass is performed without halting the heart or utilizing CPB. The heart continues to beat
during the vascular grafting process, which is believed to prevent ischemia during surgery. This technique avoids
cellular damage, inflammation, and organ dysfunction, which are common complications associated with CPB.
However, OPCAB does not employ specific myocardial protection strategies, as seen in on-pump CABG procedures.
During graft implantation, the heart axis is altered using apical suction and stabilizers, which may lead to hypotension
and myocardial injury. This injury can result in myocardial dysfunction, as evidenced by increased biomarker release,
such as troponin and CK-MB. Therefore, alternative methods for myocardial protection during OPCAB are
necessary. Some intravenous and inhalational anesthetics have shown potential as organ-protective agents [10—12].

Research by Liling Jia et al. (2024) indicated that sevoflurane inhalation anesthesia could improve
perioperative hemodynamic stability, provide myocardial protection, and reduce perioperative adverse cardiac events
in elderly patients with diabetes undergoing noncardiac surgery. Sevoflurane, an inhalational anesthetic, possesses
ischemic preconditioning effects that offer myocardial protection, whereas propofol mitigates free radical damage
and provides myocardial protection [13,14]. Despite numerous studies evaluating the effects of sevoflurane and
propofol individually on cardiac surgery, direct comparative studies in CABG patients remain limited.

METHOD

This study included adult patients who underwent elective Off-Pump Coronary Artery Bypass Grafting
(OPCAB) surgery. The selection of participants was based on specific inclusion and exclusion criteria to ensure the
relevance and validity of the findings. The inclusion criteria required participants to be adults aged >18 years who
were scheduled for elective OPCAB surgery. Additionally, the study included patients who received either volatile
anesthesia with sevoflurane or total intravenous anesthesia (TIVA) with propofol during the procedure. Patients who
meet these criteria will be randomly assigned to one of two groups based on the type of anesthesia administered.

The exclusion criteria were as follows: patients undergoing emergency surgery, redo surgeries, those with
unstable cardiovascular conditions preoperatively, and those with known allergies to sevoflurane or propofol. Patients
requiring preoperative inotropic or vasopressor support were also excluded from this study. Furthermore, the dropout
criteria included patients whose surgery was converted to on-pump procedures or those who experienced
perioperative mortality. This rigorous selection process ensured the homogeneity and reliability of the sample for
comparison between the two anesthetic agents used in the study.

This study employed a randomized controlled trial (RCT) design to investigate the effects of sevoflurane and
propofol on myocardial injury biomarkers and left ventricular function in patients undergoing OPCAB surgery. The
subjects will be randomized into two distinct groups based on the type of anesthetic agent used: Group A
(sevoflurane) and Group B (propofol). The primary outcomes of this study were changes in CK-MB levels and
ejection fraction (EF), both measured preoperatively and 24 h postoperatively. This study will focus on comparing
these outcomes between the two groups, with the hypothesis that the type of anesthetic agent may influence post-
surgical myocardial injury markers and cardiac function.

The sampling technique used is consecutive sampling, where each patient who meets the inclusion and
exclusion criteria will be recruited sequentially based on their arrival at the hospital. Participants were randomized
using a computer-based random number generator to ensure unbiased allocation into the two groups. To determine
the appropriate sample size, a power calculation was conducted with a confidence level of 95% and a power of 90%.
Based on these parameters, the required sample size was calculated to be 36 participants, with 18 participants in each
group. This ensured sufficient statistical power to detect meaningful differences between the two groups. Prior to
initiating the study, ethical approval was obtained from the institutional review board, and all participants provided
informed consent. The research procedure began with a preoperative assessment, in which baseline measurements,
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including CK-MB levels and ejection fraction, were obtained. Following the induction of anesthesia, the patients will
receive either sevoflurane or propofol according to group allocation. The anesthesia regimen for all patients included
a standard induction protocol with fentanyl, midazolam, propofol, and rocuronium, followed by maintenance with
either sevoflurane or propofol, depending on the assigned group.

During the study, blood samples for CK-MB analysis were collected at three time points: preoperatively, 10 h
postoperatively, and 24 h postoperatively. Additionally, transthoracic echocardiography will be used to assess
ejection fraction at baseline and 24 h following surgery. Data collection will be handled carefully to ensure that all
measurements are accurate and complete. Data will be entered into statistical software for analysis, with checks in
place to ensure completeness and accuracy.

The data collected will be thoroughly processed to ensure validity. Descriptive statistics will be used to
summarize patient characteristics and baseline variables. Continuous variables, such as age, weight, and ejection
fraction, will be presented as means and standard deviations, whereas categorical variables will be summarized as
frequencies and percentages. Comparisons between the two groups will be made using appropriate statistical tests,
including the independent t-test for normally distributed data and the Mann-Whitney U test for non-normally
distributed data. For paired data, paired t-tests or Wilcoxon signed-rank tests will be applied based on the distribution
of the data.

For categorical data, chi-square tests will be used, with Fisher’s exact test applied when necessary for 2x2
tables. Covariate analysis will be performed using regression models to account for potential confounding variables,
such as age, sex, and comorbid conditions. The significance level for all tests will be set at p<0.05. All statistical
analyses will be conducted using SPSS version 26.0, and the results will be interpreted in the context of clinical and
statistical significance.

This study adhered to the ethical guidelines set forth by the relevant institutional ethics review boards. The
research protocol will be submitted for review and approval before the recruitment of participants. Informed consent
will be obtained from all participants to ensure that they are fully aware of the study’s aims, potential risks, and
benefits. Confidentiality will be maintained at all stages of the study, with participant data anonymized and stored
securely. Furthermore, participants will be informed of their right to withdraw from the study at any time without
negative consequences. Ethical considerations are integral to the conduct of this study, ensuring respect for patient
autonomy and privacy throughout the research.

RESULTS

This study will be conducted on patients undergoing Off-Pump Coronary Artery Bypass Grafting (OPCAB)
surgery at RSUP Dr. Hasan Sadikin Bandung and RS Santosa Central Bandung from March to May 2025. A total of
36 patients met the inclusion and exclusion criteria, and each patient underwent measurements of CK-MB levels pre-
induction (TO0), 10 h post-surgery (T1), and 24 h post-surgery (T2), as well as assessments of ejection fraction (EF)
preoperatively and postoperatively. The patients were divided into two groups: sevoflurane and propofol, each
consisting of 18 patients.

The general characteristics of the participants, including age, sex, weight, height, and comorbidities, were
compared between the Sevoflurane and Propofol groups. The demographic and clinical characteristics are presented
in Table 1.

In the Sevoflurane group, the average age of patients was 63.28 + 7.086 years, with a male predominance
(83.3%) and a weight of 68.61 £ 14.940 kg. The average height was 164.00 + 8.437 cm, and the most common
comorbidity was hypertension (77.8%). In the Propofol group, the average age was lower at 58.11 + 8.080 years,
with a male predominance (72.2%) and weight of 67.67 = 13.079 kg. The average height was 164.17 + 8.291 cm,
and the most common comorbidity was hypertension (72.2% of patients).

Statistical analysis revealed a significant difference in age (p = 0.049), with the sevoflurane group being older
than the propofol group. However, there were no statistically significant differences in sex, weight, height, or
comorbidities between the two groups (p > 0.05).

Table 1 Comparison of Patient Characteristics Between the Sevoflurane and Propofol Groups

Variable Sevoflurane (N=18) Propofol (N=18) P-Value
Age 63.28 +7.086 58.11 + 8.080 0.049%*
Gender 0.691
Male 15 (83.3%) 13 (72.2%)
Female 3 (16.7%) 5(27.8%)
Weight 68.61 + 14.940 67.67 £13.079 0.841
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Height 164.00 £+ 8.437 164.17 £ 8.291 0.673
Comorbidities
Hypertension 14 (77.8%) 13 (72.2%) 1.000
Diabetes Mellitus 2 (11.1%) 4 (22.2%) 0.658
Stroke 1 (5.6%) 1 (5.6%) 1.000

Note: Data were analyzed using the t-test for normally distributed data and the Mann-Whitney U test for non-
normally distributed data. Categorical data were analyzed using the Chi-Square or Fisher’s exact test when the chi-
square assumptions were not met. The significance level was set at p<0.05.

CK-MB Levels at Different Time Points

Table 2 compares CK-MB levels at three time points (pre-induction (T0), 10 h post-surgery (T1), and 24 h post-
surgery (T2] ) between the Sevoflurane and Propofol groups. The statistical analysis of these data is provided in the
table.

Table 2 Comparison of CK-MB Levels at TO, T1, and T2 Between the Sevoflurane and Propofol Groups

Variable Sevoflurane (N=18) Propofol (N=18) P-Value
CK-MB TO0 19.61 + 88.081 21.72 £10.532 0.673
CK-MB T1 74.83 £70.503 56.28 +£32.807 0.888
CK-MB T2 49.06 £ 44.421 49.00 £29.019 0.239

For CK-MB levels, the sevoflurane group had an average value of 19.61 + 88.081 at TO, 74.83 = 70.503 at T1,
and 49.06 + 44.421 at T2. In the Propofol group, the average values were 21.72 + 10.532 at TO, 56.28 + 32.807 at
T1, and 49.00 +£29.019 at T2.

The results of statistical tests (Mann-Whitney U test) showed no significant differences between the two groups
for CK-MB at TO, T1, and T2 (p > 0.05). This indicates that the type of anesthesia used did not lead to significant
differences in myocardial injury markers (CK-MB) at these time points.

Ejection Fraction (EF) at Preoperative and Postoperative Stages
Table 3 presents a comparison of the left ventricular ejection fraction (LVEF) before and after surgery between the
Sevoflurane and Propofol groups.

Table 3. Comparison of Preoperative and Postoperative Ejection Fraction (EF) Between the Sevoflurane and
Propofol Groups

Variable Sevoflurane (N=18) Propofol (N=18) P-Value
EF Initial 50.01 +£14.907 52.67 £13.676 0.580
EF Postop 50.72 £12.027 49,72 +£12.136 0.806

In the Sevoflurane group, the average EF before surgery (EF Initial) was 50.01 = 14.907%, and after surgery
(EF Postop), it was 50.72 + 12.027%. In the Propofol group, the EF before surgery was 52.67 + 13.676%, and after
surgery, it was 49.72 + 12.136%. Statistical analysis (t-test for independent samples) revealed no significant
differences in EF between the two groups, either preoperatively or postoperatively (p > 0.05). This indicates that the
type of anesthesia did not lead to significant differences in left ventricular function, as measured by EF, during the
postoperative period. The results of this study indicate that there were no statistically significant differences in
myocardial injury markers (CK-MB) or left ventricular function (EF) between the Sevoflurane and Propofol groups
in patients undergoing OPCAB surgery. Despite differences in the average age of the groups, which was found to be
statistically significant, other factors such as sex, weight, height, and comorbidities did not show significant
differences. These findings suggest that both anesthetic agents, sevoflurane and propofol, may have comparable
effects on myocardial injury and left ventricular function during the perioperative period of OPCAB surgery. Further
studies with larger sample sizes or additional biomarkers are necessary to confirm these results and explore the
potential long-term effects of different anesthetic agents.

DISCUSSION
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This study aimed to evaluate the myocardial protective effects of sevoflurane and propofol in patients
undergoing Off-Pump Coronary Artery Bypass Grafting (OPCAB). Analysis of CK-MB levels and postoperative
ejection fraction (EF) revealed no significant differences between the two groups, suggesting that sevoflurane and
propofol offer equivalent myocardial protection during OPCAB surgery. These findings are consistent with those of
several previous studies [6] that reported no significant differences in the myocardial protective effects of these two
anesthetic agents. Although both agents have demonstrated cardioprotective properties, the results indicate their
comparability in reducing myocardial injury during cardiac surgery.

Sevoflurane exerts preconditioning effects on the myocardium via mitochondrial ATP-sensitive potassium
(KATP) channels. This pathway stabilizes mitochondrial membranes during ischemic events and reduces oxidative
stress through the activation of protein kinase C (PKC) [6]. The cardioprotective properties of sevoflurane,
particularly its ability to reduce myocardial injury in various cardiac surgical settings, are well documented.
Conversely, propofol, an intravenous anesthetic, is recognized for its antioxidant property. Propofol reduces the
production of reactive oxygen species (ROS) by inhibiting lipid peroxidation, thereby decreasing oxidative stress and
inflammation during cardiac surgery. Studies have shown that propofol can reduce neutrophil activation and levels
of pro-inflammatory cytokines, such as TNF-o and IL-6, which play a significant role in ischemia-reperfusion injury
[7,8]. These anti-inflammatory effects are critical during cardiac surgeries, such as OPCAB, where myocardial injury
is common due to ischemia and reperfusion. Therefore, both sevoflurane and propofol offer myocardial protection
through different yet complementary mechanisms, which likely account for their comparable protective effects
observed in this study.

Our findings align with previous research, including studies by Yang et al. [6] and Cromheecke et al. [8], which
demonstrated that sevoflurane provides enhanced myocardial protection, particularly during surgeries involving
cardiopulmonary bypass (CPB). For example, sevoflurane has been shown to reduce cardiac troponin I (cTnl) and
creatine kinase-MB (CK-MB) levels in the early postoperative period [7]. However, investigations by Bignami et al.
[5] and Landoni et al. [9] reported no significant differences in CK-MB and troponin levels between sevoflurane and
propofol, suggesting that both agents may offer comparable myocardial protection. The variability in the results
across studies may be attributed to differences in patient populations, surgical procedures, and timing of biomarker
measurements [9].

The results of this study are consistent with those of Bignami et al. [6] and Hert et al. [15], who observed no
significant differences in hemodynamic responses or anesthetic efficacy between sevoflurane and propofol during
cardiac surgery. In our study, intraoperative hemodynamic parameters, including heart rate, mean arterial pressure,
and central venous pressure, were comparable between the two groups, indicating that both the anesthetic agents
provided stable hemodynamic conditions during surgery. This finding underscores the capacity of both agents to
maintain adequate hemodynamic stability, which is crucial in the perioperative management of patients undergoing
cardiac surgery.

Additionally, the postoperative mechanical ventilation duration, ICU stay, and length of hospital stay were
similar between the two groups, further supporting the equivalence of sevoflurane and propofol in terms of
postoperative recovery. These results are consistent with the findings of Jiao Xue et al. [16,18], who reported no
significant differences in ICU and hospital stays between patients receiving sevoflurane and those receiving TIVA.
Furthermore, none of the patients in our study experienced intraoperative awareness, highlighting the effectiveness
of both anesthetic agents in maintaining an appropriate depth of anesthesia. This finding is consistent with other
studies, such as those by Yang et al. [1] and Yilmaz et al. [17-20], which also reported no instances of intraoperative
awareness with sevoflurane or propofol.

Although this study offers valuable insights, several limitations warrant consideration. First, the
anesthesiologists were not blinded to the anesthetic technique employed in each group, potentially introducing bias
in patient management. Second, the relatively small sample size may constrain the generalizability of the findings. A
larger sample size could validate these results and facilitate a more robust comparison between the two anesthetic
agents. Additionally, our study concentrated on OPCAB procedures, which may not fully represent the myocardial
protection afforded by sevoflurane and propofol in other cardiac surgeries such as valve replacement surgeries. The
variations in myocardial ischemia or injury between OPCAB and other procedures may account for the absence of a
clinically significant difference in myocardial protection between the two agents. Finally, this study did not
incorporate a third arm to explore the potential synergy between sevoflurane and propofol or examine the dose-
dependent effects of these agents. This study suggests that sevoflurane and propofol provide comparable myocardial
protection during OPCAB surgery. Both agents possess distinct mechanisms of action, with sevoflurane offering
preconditioning effects and propofol providing antioxidant properties; however, they appear to offer equivalent
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protection against myocardial injury during surgery. Despite these promising results, further research with a larger
sample size and additional study designs, including multicenter trials, is necessary to elucidate the optimal anesthetic
approach for patients undergoing cardiac surgery. Future studies should explore the potential of combining
sevoflurane and propofol to enhance myocardial protection and investigate the long-term effects of these anesthetics
on cardiac outcomes.

CONCLUSION

Based on the results of this study on the myocardial protective effects of inhalational anesthetic sevoflurane
and total intravenous anesthetic propofol in patients undergoing OPCAB heart surgery, it can be concluded that there
is no statistically significant difference in myocardial injury biomarkers (CK-MB) or cardiac function parameters
(ejection fraction) between the two groups. This indicates that both sevoflurane and propofol provide equivalent
myocardial protection in the context of OPCAB surgery and can be used safely and effectively for anesthetic purposes
during this procedure.
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