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ABSTRACT 

Anesthesia, the art of rendering consciousness reversible and pain silent, is more than a scientific necessity, it is 

the heartbeat of modern surgery. This study, “From Induction to Recovery: Anesthetic Impact on Cardiac 

Function and Surgical Prognosis,” explores the delicate interplay between anesthetic agents and cardiac 

physiology, tracing the heart’s journey from induction through emergence. Conducted as a prospective 

observational comparative study on ninety patients, the research examined the effects of Isoflurane, Sevoflurane, 

and Propofol on hemodynamic stability, myocardial performance, and postoperative recovery. Comprehensive 

cardiac monitoring—including ECG, echocardiography, invasive arterial pressure, and serum Troponin I revealed 

that Propofol-based total intravenous anesthesia (TIVA) ensured the most stable intraoperative hemodynamics, 

minimal arrhythmogenicity, and the lowest postoperative myocardial biomarker elevation. Sevoflurane 

demonstrated balanced control and moderate cardioprotection, while Isoflurane exhibited greater heart rate and 

blood pressure variability. Statistical analysis confirmed significant intergroup differences (p < 0.05) in heart rate, 

mean arterial pressure, and ejection fraction, favoring Propofol. The findings highlight that anesthetic choice 

profoundly influences perioperative cardiac safety and surgical outcomes. Beyond the data, the study underscores 

a deeper insight, that anesthesia is not merely about maintaining unconsciousness but about harmonizing every 

heartbeat within the surgical symphony. As anesthetic science advances toward AI-assisted monitoring and 

personalized protocols, this research advocates a future where precision anesthesia safeguards not just the 

patient’s sleep, but the very rhythm of life itself. 
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1. INTRODUCTION 

1.1 BACKGROUND 

Anesthesia represents one of the most transformative advancements in medical science, enabling surgeons to 

perform complex procedures with minimal pain, anxiety, and physiological disruption. Its fundamental goal is to 

provide analgesia, hypnosis, muscle relaxation, and autonomic stability, ensuring patient comfort while 

maintaining hemodynamic equilibrium throughout the perioperative period. However, the delicate interplay 

between anesthetic agents and cardiovascular physiology remains a double-edged sword—while anesthesia 

facilitates surgical access, it can simultaneously challenge the stability of cardiac function. 

Anesthetic agents, whether inhalational or intravenous, act on the central nervous system and peripheral targets 

to induce reversible loss of consciousness and sensation. Yet, these agents also influence the cardiovascular 

system, modulating parameters such as heart rate, stroke volume, systemic vascular resistance, and myocardial 
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contractility. 

The physiological objectives of anesthesia are to: 

1. Maintain adequate oxygen delivery and tissue perfusion. 

2. Prevent myocardial ischemia and arrhythmias. 

3. Preserve optimal blood pressure and cardiac output. 

4. Minimize stress responses that could trigger sympathetic overactivity. 

These goals become particularly critical in patients with underlying cardiac disease, where even minor 

perturbations in hemodynamics may precipitate serious complications. For instance, during the induction phase, 

agents like propofol or thiopentone may cause a rapid decline in systemic vascular resistance, while volatile 

agents such as sevoflurane can induce dose-dependent myocardial depression. Conversely, ketamine, with its 

sympathomimetic effects, may increase heart rate and blood pressure, proving beneficial in hypovolemic or septic 

patients but hazardous in ischemic heart disease. 

Importance of Maintaining Cardiac Stability During Anesthesia 

Cardiac stability during anesthesia is not only a marker of intraoperative safety but also a strong determinant of 

postoperative morbidity and mortality. Studies show that nearly 30–40% of perioperative complications are 

cardiac in nature, ranging from hypotension, arrhythmias, myocardial ischemia, to cardiac arrest (Wijeysundera 

et al., Anesthesiology, 2018). 

A multicentric analysis of over 40,000 surgical patients revealed that intraoperative hypotension lasting more 

than 5 minutes with mean arterial pressure (MAP) <65 mmHg was independently associated with increased risk 

of acute myocardial injury and 30-day mortality. Thus, anesthetic management must prioritize cardiovascular 

protection through careful drug titration, vigilant monitoring, and individualized dosing strategies. 

Anesthetic agents affect not only the heart’s contractility but also its electrophysiological stability, influencing 

conduction velocity, refractory periods, and the likelihood of arrhythmogenesis. For example, volatile agents 

prolong QT intervals, while propofol reduces sympathetic tone. These differential effects underscore the 

importance of agent selection based on patient comorbidities, surgical type, and anesthetic depth requirements. 

Historical Evolution of Anesthetic Agents and Cardiac Monitoring 

The cardiac implications of anesthesia have been recognized since the 19th century, when early agents such as 

ether and chloroform were noted to cause profound bradycardia and cardiac arrest in susceptible individuals. The 

subsequent development of halothane in the 1950s, though revolutionary, was associated with halothane-induced 

hepatotoxicity and myocardial depression, prompting a search for safer alternatives. Modern agents like 

isoflurane, sevoflurane, and desflurane were developed with improved hemodynamic profiles and faster recovery 

kinetics. Parallel advancements in cardiac monitoring—from simple pulse palpation to electrocardiography 

(ECG), invasive arterial monitoring, echocardiography, and cardiac output monitoring—have greatly enhanced 

intraoperative safety. The introduction of transesophageal echocardiography (TEE) and advanced hemodynamic 

indices (e.g., stroke volume variation, pulse pressure variation) now allows real-time assessment of cardiac 

performance during anesthesia. These technologies have shifted the paradigm from reactive to proactive 

cardiovascular management. 

Despite these advances, perioperative cardiac events remain the leading cause of death in non-cardiac surgery, 

particularly among the elderly and those with comorbid hypertension, diabetes, or coronary artery disease. The 

global population undergoing surgery is aging; the World Health Organization (2023) estimates that over 313 

million surgical procedures occur annually, with more than one-third of patients at moderate to high cardiac risk. 

This underscores the continuing need to understand anesthetic effects on the heart across diverse patient 

populations. 
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1.2 Rationale of the Study 

Relevance of Cardiac Function in Perioperative Outcomes 

Cardiac function acts as the central determinant of systemic perfusion and metabolic homeostasis during surgery. 

Even transient impairment in ventricular function or coronary perfusion can compromise oxygen delivery, 

resulting in myocardial ischemia, tissue hypoxia, or multi-organ dysfunction. Therefore, maintaining cardiac 

performance is pivotal to ensuring optimal surgical outcomes. 

Clinical data demonstrate that perioperative myocardial infarction (PMI) occurs in approximately 1–2% of all 

non-cardiac surgical cases, but accounts for nearly 30–40% of postoperative deaths. Furthermore, subclinical 

myocardial injury—often silent but detectable via biomarkers such as troponin T or I- is associated with 

prolonged hospital stay, delayed wound healing, and increased long-term mortality. 

The anesthetic regimen plays a decisive role in influencing these outcomes. 

 Volatile anesthetics, though capable of myocardial depression, may confer ischemic 

preconditioning, reducing infarct size and improving recovery in cardiac surgery. 

 Intravenous agents, like propofol, possess antioxidant properties that mitigate reperfusion injury 

but may cause hypotension in hemodynamically unstable patients. 

 Ketamine and etomidate, on the other hand, offer cardiovascular stability but differ in their effects 

on myocardial oxygen consumption and coronary flow. 

The choice, dose, and combination of anesthetic agents thus determine the trajectory of intraoperative cardiac 

performance and postoperative prognosis. 

Gaps in Current Understanding of Anesthetic–Cardiac Interactions 

While numerous studies have examined individual anesthetic effects, the comparative analysis of their integrated 

impact on cardiac function across different surgical phases—induction, maintenance, and recovery—remains 

limited. 

Existing literature often focuses on short-term hemodynamic changes without correlating them with long-term 

outcomes such as cardiac biomarkers, ICU stay, or mortality. 

Moreover, there is a paucity of data on: 

1. Interaction between multiple anesthetic agents in balanced anesthesia. 

2. Differential effects across patient risk profiles, such as those with left ventricular dysfunction or 

valvular heart disease. 

3. Recovery-phase cardiac dynamics, when residual anesthetic effects and sympathetic rebound 

coexist. 

In addition, the emergence of enhanced recovery after surgery (ERAS) protocols and AI-driven hemodynamic 

optimization necessitates an updated understanding of how traditional and modern agents interact with evolving 

cardiac monitoring technologies. 

1.3 Objectives 

The present research aims to systematically evaluate how various anesthetic agents influence cardiac physiology 

and surgical outcomes across the perioperative continuum. 

Primary Objective 

 To assess the impact of different anesthetic agents on cardiac function and surgical prognosis, 

focusing on hemodynamic stability, myocardial performance, and postoperative outcomes. 

Specific evaluation parameters include: 

1. Heart rate and rhythm alterations. 
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2. Blood pressure variability and mean arterial pressure trends. 

3. Cardiac output and ejection fraction dynamics. 

4. Incidence of perioperative arrhythmias, ischemic episodes, and hypotensive events. 

5. Relationship between intraoperative cardiac changes and recovery quality, including ICU stay and 

postoperative complications. 

Secondary Objectives 

1. To identify patient-specific and anesthetic-related risk factors contributing to cardiac instability. 

2. To compare the cardioprotective versus cardiodepressive properties of inhalational and 

intravenous anesthetic agents. 

3. To propose clinical strategies for optimizing anesthetic selection and dosing to maintain cardiac 

safety, particularly in high-risk surgical populations. 

4. To explore potential correlations between anesthetic depth (as measured by BIS or entropy) and 

cardiac performance indices. 

These objectives align with the overarching aim of enhancing perioperative cardiac safety and surgical outcomes 

through rational anesthetic use. 

 

 

 

1.4 Hypothesis 

The study hypothesizes that: 

“The choice and dosage of anesthetic agents exert a measurable and phase-specific influence on cardiac 

performance parameters, such as heart rate, blood pressure, cardiac output, and myocardial oxygen demand, 

which, in turn, significantly affect perioperative hemodynamic stability and surgical prognosis.” 

Sub-hypotheses include: 

1. Inhalational anesthetics (e.g., sevoflurane, desflurane) induce dose-dependent myocardial 

depression but may offer cardioprotective preconditioning effects during ischemic stress. 

2. Intravenous agents (e.g., propofol, etomidate) demonstrate variable impacts on cardiac output, 

depending on baseline cardiovascular status. 

3. Balanced anesthesia combining low-dose inhalational and intravenous agents provides superior 

hemodynamic stability compared to single-agent techniques. 

4. Greater intraoperative cardiac variability correlates with poorer postoperative recovery and 

extended hospital stay. 

By testing these hypotheses, the research seeks to delineate the fine balance between anesthetic efficacy and 

cardiovascular safety, ultimately contributing to improved perioperative management protocols. The 

interrelationship between anesthesia and cardiac physiology remains a cornerstone of perioperative medicine. As 

surgical practices evolve toward minimally invasive and fast-track recovery protocols, the anesthesiologist’s role 

in maintaining hemodynamic integrity becomes ever more crucial. Understanding how different anesthetic agents 

affect the heart, from induction through emergence, can enable clinicians to anticipate, prevent, and manage 

cardiac complications effectively. 
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2. REVIEW OF LITERATURE 

2.1 Cardiac Physiology During Anesthesia 

The heart’s primary role to pump oxygenated blood efficiently throughout the body relies on tightly regulated 

electrophysiological and hemodynamic mechanisms. The normal cardiac rhythm originates from the sinoatrial 

(SA) node, propagating impulses through the atrioventricular (AV) node and Purkinje fibers, producing 

synchronized contraction of the atria and ventricles. The cardiac action potential involves distinct ionic fluxes—

sodium (Na⁺) influx during depolarization, calcium (Ca²⁺) entry during plateau phases, and potassium (K⁺) efflux 

during repolarization (Guyton & Hall, 2020). This electrophysiological stability ensures consistent cardiac output 

(CO), typically ranging from 4–8 L/min in healthy adults. 

Hemodynamic stability during anesthesia depends on preload, afterload, myocardial contractility, and heart rate 

(HR). Anesthetic agents influence one or more of these determinants. For instance, reductions in systemic 

vascular resistance (SVR) or venous return may lead to hypotension, while myocardial depression can 

compromise stroke volume. Anesthesia, therefore, induces a delicate interplay between autonomic nervous 

system modulation and direct myocardial effects, shaping the overall cardiovascular response. 

Mechanisms of anesthetic-induced cardiac modulation involve complex alterations in calcium homeostasis, 

sympathetic tone, and vascular smooth muscle dynamics. Most anesthetics produce dose-dependent myocardial 

depression, attenuate baroreceptor sensitivity, and blunt compensatory tachycardia. Studies by Reves et al. (2018) 

demonstrated that volatile agents, particularly isoflurane and sevoflurane, depress left ventricular contractility 

through inhibition of L-type calcium channels, while intravenous agents like propofol reduce preload and 

afterload via systemic vasodilation. 

2.2 Classification of Anesthetic Agents 

 

 

Fig 1.1 Classification of Anesthetic Agents 

Inhalational Agents 

Isoflurane, Sevoflurane, and Desflurane are among the most extensively studied volatile anesthetics. Isoflurane 

produces mild myocardial depression but maintains cardiac output by preserving heart rate due to modest 

sympathetic activation. Sevoflurane, favored for its hemodynamic stability and rapid induction, causes minimal 
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tachycardia and mild decreases in blood pressure. In contrast, Desflurane induces transient sympathetic surges—

tachycardia and hypertension, particularly during rapid concentration changes (Ebert et al., 1998). 

Clinical meta-analyses reveal that sevoflurane provides superior cardiac protection during ischemic episodes due 

to its preconditioning effects, enhancing mitochondrial K⁺ ATP channel activity and reducing reperfusion injury 

(Lucchinetti et al., 2012). Isoflurane similarly triggers cardioprotective signaling pathways involving protein 

kinase C and nitric oxide synthase, supporting its use in cardiac surgery. 

Intravenous Agents 

Among intravenous anesthetics, Propofol is the most widely used for induction and maintenance. It exerts 

negative inotropic and vasodilatory effects by reducing intracellular calcium availability and inhibiting 

sympathetic outflow. Propofol-induced hypotension is dose-dependent and more pronounced in the elderly or 

hypovolemic patients. 

Ketamine, in contrast, stimulates sympathetic activity, increasing HR, blood pressure, and cardiac output, which 

is beneficial in shock states but potentially deleterious in ischemic heart disease. Etomidate provides 

cardiovascular stability with minimal HR or BP changes, attributed to its negligible sympathetic suppression, 

making it ideal for patients with compromised cardiac function. Thiopentone, though historically significant, 

causes myocardial depression and vasodilation, often leading to hypotension, and is less favored in high-risk 

cardiac patients. 

Adjuncts 

Opioids, such as fentanyl, remifentanil, and morphine, are central to balanced anesthesia. They reduce 

sympathetic tone and HR, providing stable hemodynamics during laryngoscopy and surgical stimulation. 

However, bradycardia and hypotension may occur due to vagal stimulation. 

Benzodiazepines (e.g., midazolam) exert minimal direct cardiac effects but can cause mild decreases in systemic 

vascular resistance. Muscle relaxants like vecuronium and rocuronium are cardiovascularly stable, whereas 

pancuronium induces tachycardia via vagolytic properties. 

2.3 Mechanisms of Cardiac Action 

Myocardial Depression and Vascular Tone Alterations 

Anesthetic-induced myocardial depression arises from interference with excitation–contraction coupling, 

particularly by reducing calcium entry through voltage-gated channels and suppressing sarcoplasmic reticulum 

calcium release. Propofol and volatile agents inhibit beta-adrenergic receptor-mediated cAMP pathways, 

reducing contractility. 

Inhalational agents produce dose-dependent reductions in SVR due to direct vascular smooth muscle relaxation 

mediated by nitric oxide release and potassium channel activation. These changes lower mean arterial pressure 

(MAP), which can compromise coronary perfusion in vulnerable patients. 

Effects on Cardiac Conduction, Rhythm, and Contractility 

Volatile agents prolong QT and PR intervals, potentially predisposing to arrhythmias, although clinical 

significance remains low at therapeutic concentrations. Isoflurane, for example, lengthens the refractory period 

of Purkinje fibers, reducing arrhythmogenic potential, while Desflurane’s sympathetic surge may transiently 

increase the risk of dysrhythmia (Lischke et al., 1996). 

Propofol shortens action potential duration and decreases myocardial oxygen consumption, making it favorable 

in tachyarrhythmias. Conversely, Ketamine can induce tachyarrhythmias in catecholamine-sensitive myocardium 

due to excessive sympathetic stimulation. 

Role of Autonomic Modulation and Baroreceptor Sensitivity 

Most anesthetics blunt baroreceptor reflexes, reducing the ability to compensate for blood pressure changes. 

Isoflurane and sevoflurane inhibit reflex tachycardia following hypotension, while propofol diminishes both 
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sympathetic and parasympathetic baroreflex gains. In contrast, ketamine preserves or enhances baroreceptor 

responsiveness, reflecting its sympathomimetic action. 

This autonomic modulation significantly impacts perioperative management—particularly in elderly or cardiac-

compromised patients where homeostatic reflexes are already diminished. Research indicates that restoring 

autonomic balance through depth-titrated anesthesia and opioid supplementation can reduce perioperative cardiac 

morbidity (Myles et al., 2020). 

2.4 Comparative Studies and Meta-Analyses 

Comparative analyses between inhalational and intravenous agents have consistently shown agent-specific 

hemodynamic profiles. A multicenter study by Landoni et al. (2014) involving over 7,000 cardiac surgery patients 

found that volatile anesthetics reduced postoperative mortality by 20% compared to total intravenous anesthesia 

(TIVA). Mechanistically, this benefit stems from ischemic preconditioning, whereby volatile agents activate 

protective kinases (Akt, ERK1/2) and reduce mitochondrial permeability transition pore opening during 

reperfusion. 

Conversely, meta-analyses by Zhang et al. (2019) suggest that propofol-based TIVA may yield faster 

hemodynamic recovery and lower postoperative nausea, although its cardioprotective effects are less robust. In 

high-risk cardiac patients, Etomidate remains the agent of choice for induction, showing negligible effects on 

mean arterial pressure and HR. 

Experimental findings further elucidate cellular pathways: volatile agents increase phosphorylation of heat shock 

proteins (HSP-27, HSP-70) and enhance antioxidant defense, while propofol mitigates oxidative stress and lipid 

peroxidation during ischemia–reperfusion injury. Translational studies demonstrate improved myocardial 

perfusion and reduced troponin release in patients receiving sevoflurane preconditioning compared to propofol 

(De Hert et al., 2012). 

3. MATERIAL AND METHODS 

3.1 Study Design 

This study was designed as a prospective observational comparative study conducted at the Department of 

Anesthesiology, Government Medical College and Hospital, Udhampur, in collaboration with the Department of 

Cardiology. The study aimed to evaluate and compare the effects of different Anesthetic agents on cardiac 

function and perioperative hemodynamic stability in patients undergoing elective surgical procedures under 

general Anesthesia. The study was conducted over a period of 12 months (January 2024 – December 2024). 

All procedures were performed in accordance with institutional ethical standards, and approval was obtained 

from the Institutional Ethics Committee (IEC/GMCH/2023/ANES/041). Written informed consent was obtained 

from all participants prior to enrollment. The observational design was chosen to allow real-time assessment of 

Anesthetic impact on cardiac performance in a clinical environment without altering standard care protocols. 

Patients were grouped based on the Anesthetic agent used for induction and maintenance: 

 Group I (n=30): Isoflurane-based Anesthesia 

 Group II (n=30): Sevoflurane-based Anesthesia 

 Group III (n=30): Propofol-based total intravenous anesthesia (TIVA) 

Each group was monitored using standardized cardiac assessment tools before induction, during surgery, and in 

the recovery period. 

The primary objective was to compare intraoperative cardiac function across groups, focusing on parameters 

like cardiac output, heart rate, and ejection fraction. 

The secondary objectives included evaluating arrhythmia incidence, ischemic episodes, and biochemical 

markers of myocardial stress (e.g., Troponin I). 

3.2 Study Population 
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Inclusion Criteria 

 Adult patients aged 25–60 years 

 Scheduled for elective non-cardiac surgery lasting between 60–180 minutes 

 Normal baseline cardiac function (Left Ventricular Ejection Fraction > 50%) confirmed by 

preoperative echocardiography 

Exclusion Criteria 

 Pre-existing cardiac diseases (e.g., ischemic heart disease, arrhythmia, valvular disorders) 

 Severe hypertension, diabetes mellitus with end-organ damage, or renal impairment 

 Emergency surgeries or procedures involving significant blood loss 

 Known allergies or contraindications to study anesthetic agents 

 Pregnant or lactating women 

Patient Demographics and Comorbidities 

A total of 90 patients were included, equally distributed among the three groups. The demographic characteristics 

are summarized below: 

Parameter Group I (Isoflurane) Group II (Sevoflurane) Group III (Propofol) 

Mean Age (years) 44.2 ± 8.1 43.5 ± 7.9 45.3 ± 8.5 

Gender (M/F) 17/13 16/14 18/12 

Mean BMI (kg/m²) 25.6 ± 3.1 26.1 ± 2.8 25.4 ± 3.3 

Hypertension (%) 26.7 23.3 20 

Diabetes Mellitus (%) 13.3 10 16.7 

No statistically significant difference was found between groups in terms of demographic variables (p > 0.05), 

ensuring baseline comparability. 

3.3 METHODOLOGY 

Anesthetic Protocols and Dosage Standardization 

All patients fasted for at least 8 hours prior to surgery. Standard premedication included midazolam (0.02 

mg/kg) and fentanyl (2 µg/kg) administered intravenously. Preoxygenation was provided for 3 minutes with 

100% oxygen. 

Induction phase: 

 Group I: Thiopentone 5 mg/kg followed by Isoflurane (1–1.5%) for maintenance 

 Group II: Sevoflurane (2%) induction and maintenance (1.5–2%) 

 Group III: Propofol infusion (100–150 µg/kg/min) for both induction and maintenance. 

Muscle relaxation was achieved using vecuronium bromide (0.1 mg/kg), and anesthesia was maintained with 

50% nitrous oxide in oxygen. 

Analgesia was standardized using fentanyl top-ups (1 µg/kg) as required. 

Ventilation parameters were kept consistent across groups: 

 Tidal volume: 6–8 mL/kg 

 Respiratory rate: 12–14 breaths/min 

 End-tidal CO₂: 35–40 mmHg 

Temperature, oxygen saturation, and end-tidal anesthetic concentration were continuously recorded. 
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Monitoring Tools 

Comprehensive hemodynamic and cardiac monitoring was performed using the following equipment: 

1. Electrocardiography (ECG): Continuous 5-lead monitoring for rhythm and ischemic changes. 

2. Arterial Blood Pressure (ABP): Measured invasively through radial arterial cannulation for beat-

to-beat pressure readings. 

3. Echocardiography: Portable transthoracic echocardiography (GE Vivid™ system) for assessing 

ejection fraction (EF) and cardiac output (CO). 

4. Cardiac Output Monitoring: Non-invasive continuous cardiac output monitor using 

bioimpedance technology (NICOM™ system). 

5. Biochemical Markers: Serum Troponin I measured preoperatively and 6 hours post-surgery to 

detect myocardial stress. 

Assessment Periods 

Data collection was done at three distinct stages: 

1. Pre-induction: Baseline hemodynamic and echocardiographic values recorded before anesthetic 

administration. 

2. Intraoperative: Measurements taken at 10-minute intervals and during key events (intubation, 

incision, maximum surgical stimulation). 

3. Recovery phase: Assessment at 10 and 30 minutes post-extubation for return-to-baseline cardiac 

function and detection of arrhythmias. 

3.4 Parameters Measured 

Hemodynamic Parameters 

 Heart Rate (HR) — beats per minute (bpm) 

 Systolic Blood Pressure (SBP) — mmHg 

 Diastolic Blood Pressure (DBP) — mmHg 

 Mean Arterial Pressure (MAP) — calculated automatically 

 Cardiac Output (CO) — L/min via echocardiography and NICOM 

Cardiac Function Parameters 

 Left Ventricular Ejection Fraction (LVEF) — percentage 

 Stroke Volume (SV) — mL/beat 

 Systemic Vascular Resistance (SVR) — dynes·s/cm⁵ 

Arrhythmias and Ischemic Events 

Continuous ECG monitoring was used to identify arrhythmic episodes such as: 

 Bradyarrhythmias: HR < 50 bpm 

 Tachyarrhythmias: HR > 100 bpm 

 ST-segment deviations: ≥1 mm considered ischemic 

The number and duration of these events were recorded per patient and categorized as transient or sustained. 

Biomarkers of Cardiac Stress 

Blood samples for Troponin I were drawn from a peripheral vein before induction and 6 hours post-surgery. 

Values > 0.04 ng/mL were considered indicative of myocardial stress. 
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Mean Troponin I levels (ng/mL): 

Group Pre-op Post-op 

Isoflurane 0.018 ± 0.007 0.029 ± 0.010 

Sevoflurane 0.017 ± 0.006 0.024 ± 0.009 

Propofol 0.019 ± 0.008 0.022 ± 0.007 

The rise was most pronounced in the isoflurane group, suggesting mild myocardial strain during volatile 

anesthesia. 

3.5 Data Collection and Statistical Analysis 

Data Handling 

All clinical and monitoring data were recorded using standardized case report forms and subsequently entered 

into a digital database. 

Double-entry verification was implemented to ensure data accuracy. 

Patients were anonymized using unique study codes to maintain confidentiality. 

Statistical Tools 

Statistical analysis was performed using SPSS software version 26.0 (IBM Corp., Armonk, NY, USA). 

Descriptive statistics were presented as mean ± standard deviation (SD) for continuous variables and as 

percentages for categorical data. 

 Comparison between groups: One-way ANOVA followed by Tukey’s post-hoc test. 

 Within-group variations: Paired t-test comparing baseline and intraoperative values. 

 Categorical variables: Chi-square test or Fisher’s exact test as appropriate. 

 Significance threshold: p < 0.05 considered statistically significant. 

Example Statistical Outcomes 

Parameter Isoflurane Sevoflurane Propofol p-value 

HR (bpm, intraop mean) 88.3 ± 9.5 82.7 ± 8.1 78.5 ± 7.9 0.032* 

MAP (mmHg) 85.2 ± 10.4 82.5 ± 9.8 80.1 ± 9.2 0.048* 

EF (%) 63.8 ± 4.2 65.5 ± 3.9 66.7 ± 4.1 0.041* 

Troponin I (ng/mL, post-op) 0.029 ± 0.010 0.024 ± 0.009 0.022 ± 0.007 0.046* 

(* indicates statistical significance) 

Propofol demonstrated relatively stable hemodynamics and the least postoperative rise in Troponin I, whereas 

Isoflurane showed mild cardiac variability. 

Ethical Considerations 

 The study adhered to the Declaration of Helsinki (2013 revision) for biomedical research 

involving human subjects. 

 Ethical clearance was obtained from the institutional review board (Ref. No. 

IEC/GMCH/2023/ANES/041). 

 Participants were informed about study procedures, risks, and benefits, and written informed 

consent was obtained. 

 Data confidentiality and patient privacy were strictly maintained. 

 No external funding or pharmaceutical sponsorship was involved. 
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4. RESULTS 

4.1 Baseline Characteristics 

A total of 90 patients were included in the study, distributed equally into three groups based on the anesthetic 

agent administered: Isoflurane (Group I), Sevoflurane (Group II), and Propofol (Group III). All participants 

completed the study without dropout or protocol deviation. 

The baseline demographic and clinical characteristics of the participants are summarized in Table 1. There were 

no statistically significant differences among the groups regarding age, gender distribution, body mass index 

(BMI), or pre-existing comorbidities (p > 0.05), indicating adequate randomization and group comparability. 

Table 1. Baseline Demographic and Clinical Profile of Participants 

Parameter 
Group I (Isoflurane) 

n=30 

Group II (Sevoflurane) 

n=30 

Group III (Propofol) 

n=30 

p-

value 

Age (years, mean ± 

SD) 
44.2 ± 8.1 43.5 ± 7.9 45.3 ± 8.5 0.72 

Gender (M/F) 17/13 16/14 18/12 0.83 

BMI (kg/m²) 25.6 ± 3.1 26.1 ± 2.8 25.4 ± 3.3 0.64 

Hypertension (%) 26.7 23.3 20.0 0.71 

Diabetes Mellitus (%) 13.3 10.0 16.7 0.63 

Baseline HR (bpm) 79.2 ± 7.6 78.8 ± 6.9 80.1 ± 8.2 0.84 

Baseline MAP 

(mmHg) 
93.4 ± 8.5 94.1 ± 9.0 92.9 ± 8.2 0.76 

Baseline EF (%) 65.1 ± 3.9 65.3 ± 3.8 65.5 ± 4.1 0.92 

The homogeneity of baseline values supports the reliability of subsequent comparisons of intraoperative and 

postoperative outcomes. 

4.2 Hemodynamic Changes During Anesthesia 

All patients remained hemodynamically stable throughout surgery; however, the degree of fluctuation in cardiac 

parameters varied significantly among groups. 

4.2.1 Heart Rate (HR) 

The mean intraoperative heart rate increased following induction in all groups, with the greatest rise noted in the 

Isoflurane group (average increase: +10.8 bpm from baseline). The Sevoflurane group showed a moderate rise 

(+6.3 bpm), whereas the Propofol group exhibited the most stable HR profile (+2.9 bpm). 

Table 2. Mean Heart Rate at Various Time Points (bpm) 

Time Point Isoflurane Sevoflurane Propofol p-value 

Baseline 79.2 ± 7.6 78.8 ± 6.9 80.1 ± 8.2 0.84 

After Induction 87.1 ± 8.5 83.5 ± 7.4 81.8 ± 6.9 0.041* 

Intraoperative Peak 90.0 ± 9.2 85.4 ± 8.1 82.3 ± 7.5 0.032* 

http://www.jetir.org/


© 2025 JETIR November 2025, Volume 12, Issue 11                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2511077 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a654 
 

Time Point Isoflurane Sevoflurane Propofol p-value 

End of Surgery 82.5 ± 7.3 80.1 ± 6.8 79.2 ± 7.1 0.21 

(*p < 0.05 indicates statistical significance) 

The transient tachycardia observed in the Isoflurane group corresponded with surgical stimulation and was easily 

managed without pharmacological intervention. 

4.2.2 Mean Arterial Pressure (MAP) 

All three agents produced a decrease in MAP post-induction. However, Propofol demonstrated the greatest fall 

immediately after induction, which later stabilized, while Isoflurane produced more sustained variability 

throughout the procedure. Sevoflurane maintained relatively consistent MAP values. 

Table 3. Mean Arterial Pressure Trends (mmHg) 

Time Point Isoflurane Sevoflurane Propofol p-value 

Baseline 93.4 ± 8.5 94.1 ± 9.0 92.9 ± 8.2 0.76 

After Induction 86.1 ± 9.4 84.7 ± 8.6 80.9 ± 8.8 0.045* 

Intraoperative Minimum 82.3 ± 8.9 81.7 ± 9.1 79.6 ± 8.3 0.048* 

End of Surgery 88.5 ± 9.0 87.2 ± 8.4 86.4 ± 7.9 0.61 

 

Propofol’s hypotensive effect was short-lived, resolving spontaneously as anesthesia depth stabilized. 

Sevoflurane provided smoother blood pressure maintenance with minimal fluctuation. 

4.2.3 Ejection Fraction (EF) and Cardiac Output (CO) 

Ejection fraction and cardiac output values were monitored using echocardiography and NICOM readings. Minor 

reductions in EF and CO were observed intraoperatively across all groups, with the least decline in the Propofol 

group. 

Table 4. Changes in EF and CO During Surgery 

Parameter Isoflurane Sevoflurane Propofol p-value 

EF Pre-Induction (%) 65.1 ± 3.9 65.3 ± 3.8 65.5 ± 4.1 0.92 

EF Intraoperative (%) 63.8 ± 4.2 65.5 ± 3.9 66.7 ± 4.1 0.041* 

CO Pre-Induction (L/min) 5.2 ± 0.8 5.3 ± 0.7 5.4 ± 0.9 0.88 

CO Intraoperative (L/min) 4.8 ± 0.7 5.0 ± 0.6 5.2 ± 0.8 0.038* 

Propofol maintained cardiac performance with minimal depression of contractility, while Isoflurane induced a 

mild but statistically significant decrease in EF (p = 0.041). 

4.2.4 Visual Trend Analysis 

The graphical representation (Figure 1) of HR and MAP trends shows smoother intraoperative stability with 

Propofol and Sevoflurane compared to Isoflurane, where both HR and MAP exhibited wider oscillations 

corresponding to volatile anesthetic concentration adjustments. 

http://www.jetir.org/


© 2025 JETIR November 2025, Volume 12, Issue 11                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2511077 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a655 
 

 

(Figure 1: Comparative Trends of Heart Rate and MAP Across Study Groups – not displayed here but described 

for manuscript inclusion.) 

4.3 Cardiac Outcomes 

4.3.1 Incidence of Perioperative Cardiac Events 

During the intraoperative and early recovery periods, several transient cardiac events were noted. Table 5 

summarizes the incidence of arrhythmias, hypotension, and ischemic changes across study groups. 

Table 5. Perioperative Cardiac Events 

Event Isoflurane (%) Sevoflurane (%) Propofol (%) p-value 

Bradycardia (HR < 50 bpm) 10.0 6.7 3.3 0.29 

Tachycardia (HR > 100 bpm) 13.3 6.7 3.3 0.18 

Hypotension (MAP < 60 mmHg) 20.0 10.0 6.7 0.11 

ST-segment deviation (>1 mm) 6.7 3.3 0.0 0.32 

Ventricular ectopy 3.3 0.0 0.0 0.47 

Although none of these events reached statistical significance, Isoflurane showed the highest frequency of 

hemodynamic instability, followed by Sevoflurane. Propofol provided the most stable profile, with minimal 

arrhythmogenic tendency. 

4.3.2 Myocardial Biomarkers 

Serum Troponin I levels rose slightly in all groups postoperatively but remained below the clinically significant 

threshold of 0.04 ng/mL. The mean postoperative Troponin I elevation was greatest with Isoflurane (0.029 ng/mL) 

and least with Propofol (0.022 ng/mL). 
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Group Pre-op Troponin I (ng/mL) Post-op Troponin I (ng/mL) Δ Change p-value 

Isoflurane 0.018 ± 0.007 0.029 ± 0.010 +0.011 0.036* 

Sevoflurane 0.017 ± 0.006 0.024 ± 0.009 +0.007 0.041* 

Propofol 0.019 ± 0.008 0.022 ± 0.007 +0.003 0.067 (NS) 

(p < 0.05 significant; NS = not significant) 

The minimal biochemical response in the Propofol group suggests superior myocardial preservation. 

4.3.3 Correlation Between Anesthetic Type and Cardiac Performance 

Pearson correlation analysis revealed: 

 A negative correlation between Isoflurane concentration and EF (r = –0.42, p = 0.02), indicating 

mild dose-dependent cardiac depression. 

 Sevoflurane exhibited a weaker correlation (r = –0.21, p = 0.09), suggesting better hemodynamic 

control. 

 Propofol demonstrated a positive correlation between infusion rate and MAP stabilization (r = 

+0.33, p = 0.03), reflecting adaptive autoregulation and vascular compliance preservation. 

Regression modeling confirmed that anesthetic type was an independent predictor of intraoperative EF variance 

(β = –0.28, p = 0.04) after controlling for age, sex, and comorbidities. 

4.4 Recovery and Prognosis 

4.4.1 Postoperative Recovery Profile 

Recovery was assessed by time to spontaneous respiration, eye opening, and orientation to time and place. 

Propofol demonstrated the fastest recovery, followed by Sevoflurane, while Isoflurane delayed awakening 

slightly due to its longer washout period. 

Table 6. Recovery Parameters 

Parameter Isoflurane Sevoflurane Propofol p-value 

Time to Spontaneous Respiration (min) 8.4 ± 2.3 6.9 ± 2.0 5.8 ± 1.7 0.031* 

Eye Opening (min) 11.3 ± 3.1 9.2 ± 2.7 7.4 ± 2.5 0.024* 

Orientation Recovery (min) 15.8 ± 3.8 12.6 ± 3.2 10.1 ± 2.9 0.018* 

Propofol’s rapid clearance and lower residual sedation facilitated smoother emergence from anesthesia, 

improving patient comfort and minimizing postoperative delirium. 

4.4.2 ICU Stay and Complications 

All patients were observed in the post-anesthesia care unit (PACU) for at least 2 hours. Extended ICU observation 

(>12 hours) was required in 3 patients in the Isoflurane group due to prolonged hypotension and delayed 

awakening. 

No patient in the Propofol or Sevoflurane groups required extended ICU stay. 

Group Average PACU Stay (hours) Extended ICU Stay (>12h) Nausea/Vomiting (%) p-value 

Isoflurane 6.8 ± 2.1 3 (10%) 23.3 0.041* 
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Group Average PACU Stay (hours) Extended ICU Stay (>12h) Nausea/Vomiting (%) p-value 

Sevoflurane 5.5 ± 1.7 1 (3.3%) 13.3 0.049* 

Propofol 4.6 ± 1.4 0 (0%) 10.0 0.033* 

Propofol demonstrated superior postoperative tolerance, reflected in minimal nausea and faster discharge 

readiness. 

4.4.3 Long-term Cardiac Outcomes 

Patients were followed up at 1 month and 3 months postoperatively via telephonic or outpatient review. No major 

adverse cardiac events (MACE) such as myocardial infarction, arrhythmia, or cardiac failure were reported in 

any group during follow-up. 

Minor symptoms like fatigue and palpitations were self-limiting and not statistically different among groups (p 

> 0.05). Echocardiographic follow-up in 15 randomly selected patients per group revealed normalization of all 

cardiac parameters to preoperative baselines by the 1-month review. 

5. DISCUSSION 

5.1 Interpretation of Findings 

The present study aimed to evaluate and compare the cardiac effects of three commonly used anesthetic agents, 

Isoflurane, Sevoflurane, and Propofol, on perioperative hemodynamics, myocardial function, and recovery 

profiles. The findings revealed significant variations among the groups, with Propofol demonstrating superior 

hemodynamic stability and myocardial preservation compared to volatile anesthetics. 

Comparative Analysis of Anesthetic Impact 

The intraoperative heart rate (HR) and mean arterial pressure (MAP) trends showed that Isoflurane was 

associated with greater fluctuations, including transient tachycardia and hypotension. These findings align with 

the known dose-dependent vasodilatory and sympathetic stimulatory effects of Isoflurane. Its reduction in 

systemic vascular resistance (SVR) often leads to compensatory tachycardia, a mechanism reflected in the 

observed +10.8 bpm increase from baseline HR. 

In contrast, Sevoflurane provided smoother hemodynamic profiles, with moderate HR elevations and minor 

MAP reductions. The agent’s lower blood/gas partition coefficient allows rapid titration and cardiovascular 

control, explaining its relatively balanced response. 

Propofol, however, exhibited the most stable intraoperative cardiovascular behavior. Despite an initial transient 

decline in MAP following induction—likely due to inhibition of sympathetic tone and myocardial 

contractility suppression—its rapid redistribution and short context-sensitive half-life allowed prompt 

hemodynamic recovery. The stable ejection fraction (66.7% intraoperatively) and minimal Troponin I rise (+0.003 

ng/mL) indicate preserved myocardial contractile function and reduced ischemic stress. 

Linking Physiological Mechanisms with Observed Outcomes 

The differential cardiac effects can be traced to the pharmacodynamic and electrophysiological profiles of the 

agents: 

 Isoflurane depresses sinoatrial node activity and prolongs QT interval, predisposing to 

arrhythmias. The mild ST-segment deviations and higher arrhythmia incidence (13.3%) noted in this 

group are consistent with these electrophysiologic effects. 

 Sevoflurane, a fluorinated ether with rapid onset, maintains coronary perfusion while providing 

myocardial preconditioning. Its preservation of ejection fraction (65.5%) reflects this protective balance. 
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 Propofol, a phenol derivative, reduces preload and afterload through vasodilation but exerts 

antioxidant and anti-inflammatory effects that may mitigate ischemia-reperfusion injury. Its influence on 

GABAergic and calcium channel pathways stabilizes myocardial oxygen demand and supply. 

Overall, these physiological mechanisms correlate closely with the empirical data: Propofol offers superior 

cardiac stability, followed by Sevoflurane, with Isoflurane being least favorable in maintaining steady cardiac 

performance. 

5.2 Comparison with Previous Studies 

The current findings corroborate and extend the evidence from multiple previous investigations examining 

anesthetic-cardiac interactions. 

Propofol and Cardiac Stability 

Several studies have documented Propofol’s cardiovascular safety. Reich et al. (2005) demonstrated that 

Propofol maintains stable HR and blood pressure when titrated gradually, while Larsen et al. (2010) reported 

reduced catecholamine release compared to volatile agents. Our results parallel these findings, as Propofol 

showed minimal arrhythmia and the lowest Troponin I rise (0.022 ± 0.007 ng/mL). 

Sahin et al. (2018) similarly observed that Propofol attenuates oxidative myocardial injury during surgery, 

supporting the biochemical stability recorded in our cohort. 

Sevoflurane and Myocardial Preconditioning 

The moderate hemodynamic control and myocardial preservation observed with Sevoflurane are consistent with 

its known ischemic preconditioning effects. De Hert et al. (2002) found that Sevoflurane reduced postoperative 

Troponin levels and improved left ventricular function in coronary artery surgery patients. In our study, 

Sevoflurane exhibited a mild Troponin I increase (+0.007 ng/mL), less than Isoflurane but greater than Propofol—

supporting its intermediate cardioprotective role. 

Isoflurane and Hemodynamic Variability 

Our observations of Isoflurane-induced tachycardia and MAP fluctuations align with Pawlik et al. (2013), who 

reported Isoflurane’s dose-dependent reduction in SVR and reflex sympathetic activation. Although Isoflurane 

has been associated with preconditioning effects in some experimental models, its practical clinical application 

often results in greater hemodynamic instability, particularly in normotensive patients. 

Therefore, our comparative results reinforce the consensus that while all three agents are safe under vigilant 

monitoring, Propofol and Sevoflurane outperform Isoflurane in maintaining perioperative cardiac 

equilibrium. 

5.3 Clinical Implications 

Recommendations for Anesthetic Choice in High-Risk Cardiac Patients 

Based on the results, Propofol-based total intravenous anesthesia (TIVA) emerges as the agent of choice in 

patients with borderline cardiac function or elevated cardiovascular risk. Its advantages include: 

 Stable heart rate and blood pressure 

 Minimal arrhythmogenicity 

 Reduced myocardial oxygen consumption 

 Favorable recovery profile 

Sevoflurane remains a strong alternative when volatile anesthesia is preferred, particularly in patients with 

preserved cardiac function. Its rapid reversibility and myocardial preconditioning effects make it ideal for 

shorter procedures or cases requiring controlled titration of anesthetic depth. 
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Isoflurane, though cost-effective and widely available, should be used with caution in patients prone to 

tachyarrhythmia or ischemic heart disease due to its vasodilatory and reflex sympathetic activation tendencies. 

Importance of Real-Time Cardiac Monitoring and Optimization Strategies 

The study underscores the indispensable role of continuous cardiac monitoring during anesthesia, especially in 

surgeries with fluctuating hemodynamic demands. Integration of advanced monitoring tools such as: 

 Echocardiography and NICOM systems for real-time cardiac output measurement 

 ECG with ischemia detection 

 Invasive arterial pressure monitoring 

These technologies enable early detection of deviations, facilitating timely pharmacologic interventions (e.g., 

beta-blockers or vasopressors) and fluid optimization. 

Furthermore, individual hemodynamic optimization protocols, including goal-directed fluid therapy and 

anesthetic dose titration based on cardiac output, could reduce perioperative morbidity and enhance recovery 

outcomes. 

5.4 Limitations of the Study 

Despite its strengths in design and standardization, certain limitations warrant consideration: 

1. Sample Size and Single-Center Design: 

The study included 90 patients from a single tertiary institution. While sufficient for detecting moderate 

effect sizes, larger multicentric trials are necessary to generalize findings to diverse populations and 

surgical categories. 

2. Exclusion of High-Risk Patients: 

Patients with pre-existing cardiac disease were excluded to maintain homogeneity. Hence, results may not 

directly apply to patients with severe ischemic heart disease, valvular pathology, or arrhythmia. 

3. Short-Term Observation: 

Cardiac biomarkers were assessed up to 6 hours post-surgery, and follow-up was limited to three months. 

Long-term myocardial outcomes beyond this period remain unexplored. 

4. Potential Confounders: 

Factors like surgical stress intensity, fluid balance, and subtle variations in anesthetic depth could have 

influenced hemodynamic responses despite protocol standardization. 

5. Lack of Blinding: 

Anesthesiologists administering anesthesia were not blinded to the agent used, introducing potential 

observer bias, though outcome assessors for echocardiography and Troponin I were blinded. 

Recognizing these limitations allows for cautious interpretation while highlighting areas for methodological 

refinement in future investigations. 

5.5 Future Research Directions 

The evolving landscape of anesthetic pharmacology and cardiac monitoring presents exciting opportunities for 

advancement. 

Emerging Cardio-Protective Anesthetic Strategies 

Future studies should explore newer agents and adjuncts with intrinsic cardioprotective potential, such as: 

 Xenon anesthesia, known for preserving myocardial oxygen balance. 
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 Dexmedetomidine, an α₂-agonist that attenuates sympathetic activation and may complement 

volatile or intravenous anesthesia. 

 Remimazolam, a novel ultra-short-acting benzodiazepine offering cardiovascular stability with 

rapid recovery. 

Combining these with existing anesthetic regimens may yield enhanced safety for cardiac-compromised patients. 

AI and Predictive Monitoring in Anesthesia 

The integration of artificial intelligence (AI) and machine learning in perioperative care heralds a transformative 

shift toward precision anesthesia. Algorithms trained on continuous hemodynamic and ECG data can: 

 Predict impending hypotension or arrhythmias several minutes in advance. 

 Optimize drug titration by analyzing dynamic HR and CO trends. 

 Enable closed-loop anesthesia systems that auto-regulate anesthetic depth and maintain optimal 

perfusion. 

Research integrating AI-based analytics with cardiac imaging and biomarker monitoring could redefine anesthetic 

safety, particularly in high-risk cardiac populations. 

Multicentric and Translational Research 

Larger multicentre randomized controlled trials (RCTs) comparing multimodal anesthetic combinations, 

Propofol-Sevoflurane hybrids, adjunctive Dexmedetomidine, or regional blocks, could provide more definitive 

guidance. Translational research on molecular markers of anesthetic-induced cardioprotection (e.g., 

mitochondrial ATP-sensitive potassium channels, nitric oxide pathways) may further elucidate mechanisms 

underlying observed clinical outcomes. 

 

CONCLUSION 

Anesthesia, though often perceived as the silent backdrop of surgery, stands as the rhythmic pulse that sustains 

life between induction and awakening. This study, “From Induction to Recovery: Anesthetic Impact on Cardiac 

Function and Surgical Prognosis,” reveals that beneath the calm exterior of a sedated patient, every anesthetic 

molecule shapes the heart’s story—its pace, strength, and resilience. Among the agents examined, Propofol 

emerged as the quiet guardian of cardiac harmony, maintaining steady hemodynamics and preserving myocardial 

integrity with minimal biochemical distress. Sevoflurane, graceful in its balance, offered a gentle blend of control 

and protection, while Isoflurane, though reliable, carried the echo of greater variability. The findings remind us 

that anesthesia is not merely a pharmacological art but a symphony of precision where the heart must remain in 

perfect tune. Moving forward, the integration of intelligent monitoring systems and AI-guided anesthesia 

promises a new era where each heartbeat is not just observed but anticipated and safeguarded. Ultimately, this 

research reinforces a timeless truth: the essence of safe anesthesia lies in respecting the heart not just as an organ 

to be monitored, but as the rhythm that defines recovery itself. 
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