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Abstract 

Objective: This study aimed to investigate the associations between intraoperative end-tidal CO₂ 

(ETCO₂) levels and postoperative outcomes, including respiratory and cardiovascular 

complications, ICU stays, and 30-day mortality. 

Methodology: A secondary analysis of observational study was conducted, involving 1000 adult 

patients who underwent various surgical procedures. Patients with intraoperative ETCO₂ levels 

measured at least three times were included, while those with incomplete data or surgeries lasting 

less than 60 minutes were excluded. Data on ETCO₂ levels, patient demographics, surgical details, 

and postoperative outcomes were collected and analyzed using multivariate regression and subgroup 

analyses to identify significant associations. 

Results: Elevated ETCO₂ levels (>40 mmHg) were significantly associated with higher rates of 

respiratory complications (25%), cardiovascular instability (20%), prolonged ICU stays (mean: 6.2 

± 1.8 hours) and increased 30-day mortality (12%). Subgroup analysis revealed that older patients 

(≥45 years), those with higher ASA classifications (III-IV), and individuals undergoing emergency 

surgeries experienced worse outcomes compared to their counterparts. Lower ETCO₂ levels (30–35 

mmHg) were associated with better postoperative recovery and reduced complication rates. 

Conclusion: This study highlighted the critical role of intraoperative ETCO₂ monitoring in 

predicting postoperative outcomes. Elevated ETCO₂ levels were strongly associated with adverse 

outcomes, emphasizing the need for tailored ventilation strategies and vigilant intraoperative 

management, particularly in high-risk populations. These findings provided valuable insights for 

optimizing perioperative care and improving patient safety. 

 

Keywords: End-tidal CO₂, intraoperative monitoring, postoperative complications, respiratory 

outcomes, cardiovascular instability, ICU stays, 30-day mortality, perioperative care. 

 

Introduction 

End-tidal carbon dioxide monitoring is an indispensable tool in modern anesthetic management, 

offering continuous, real-time insights into a patient’s respiratory and circulatory status. As a 

reflection of ventilation efficiency, tissue perfusion, and metabolic function, ETCO₂ provides 

anesthesiologists with essential data to guide clinical decisions throughout surgery(1). Deviations 
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from normal ETCO₂ levels can be early indicators of potential complications, making its precise 

monitoring crucial to optimizing patient safety and ensuring favorable surgical outcomes. Despite its 

routine use in anesthesia, the full spectrum of intraoperative ETCO₂ fluctuations and their direct 

impact on postoperative recovery remains an area of limited exploration(2). 

Carbon dioxide is a vital metabolic byproduct that plays a pivotal role in maintaining the body's 

acid-base equilibrium. It serves as a primary determinant of arterial pH and is tightly regulated 

through the processes of ventilation and circulation. In the context of anesthesia, the body’s natural 

mechanisms for CO₂ elimination are often altered by controlled ventilation and anesthetic agents, 

which can impact CO₂ clearance and subsequent levels in the blood and exhaled air. Monitoring 

ETCO₂ during surgery, therefore, becomes indispensable for detecting disturbances such as 

respiratory acidosis or alkalosis, which can significantly influence postoperative recovery and long-

term health outcomes(3).The intraoperative measurement of ETCO₂ is influenced by a multitude of 

factors, including the settings of mechanical ventilation, the positioning of the patient, the choice of 

anesthetic agents, and any pre-existing comorbidities (4). Conditions such as hypoventilation, 

hyperventilation, or compromised cardiac output can cause substantial fluctuations in ETCO₂ levels, 

which may indicate inadequate tissue perfusion or oxygenation(5). These disturbances can lead to a 

cascade of adverse effects, including delayed emergence from anesthesia, prolonged recovery times, 

and an increased risk of postoperative complications such as respiratory distress, organ dysfunction, 

or extended ICU stays(6). 

 

Postoperative outcomes are critical indicators of surgical success and patient recovery. Factors such 

as respiratory function, cardiovascular stability, and the speed of recovery are essential for assessing 

the quality of care provided(7). Complications like hypoxia, prolonged mechanical ventilation, or 

respiratory failure can significantly hinder recovery and contribute to longer hospital stays, 

increased healthcare costs, and even mortality. Understanding the influence of intraoperative ETCO₂ 

levels on these outcomes is vital for enhancing perioperative care and minimizing the risk of 

postoperative morbidity and mortality(8). 

Although the importance of maintaining optimal ETCO₂ levels during surgery is well established, 

the direct relationship between intraoperative ETCO₂ fluctuations and specific postoperative 

outcomes has not been sufficiently investigated(9). Much of the existing research has concentrated 

on the immediate intraoperative effects of ETCO₂ deviations, with limited focus on their longer-

term consequences on patient recovery. This lack of comprehensive exploration underscores the 

need for further studies that examine the predictive value of ETCO₂ monitoring in forecasting 

postoperative complications and recovery trajectories(10). Anaesthesia professionals are tasked with 

the critical responsibility of maintaining stable ETCO₂ levels throughout surgery, using continuous 

monitoring and timely interventions to mitigate any deviations. By investigating the associations 

between intraoperative ETCO₂ levels and postoperative outcomes, this study aims to provide 

valuable evidence that can inform clinical practices and optimize anesthetic management. A deeper 

understanding of these associations could lead to refined protocols that enhance patient safety, 

reduce the incidence of postoperative complications, and improve overall surgical outcomes. 

 

Aim of the study 

This study aimed to investigate the associations between intraoperative end-tidal CO₂ levels and 

postoperative outcomes, focusing on respiratory, cardiovascular, and recovery parameters. 

 

Objective 

To identify potential correlations between intraoperative ETCO₂ fluctuations and postoperative 

complications, with the goal of enhancing anesthetic practices and improving patient recovery. 

 

Methodology 
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This study was conducted at Dept of anesthesia, Saraswathi Institute of Medical Sciences, Hapur, 

UP, India, this study utilized a secondary analysis approach, drawing on data from a large-scale, 

observational study that had systematically gathered comprehensive intraoperative and 

postoperative information from a diverse cohort of surgical patients. Study duration was Feb 2023 to 

Oct 2023. The study population comprised individuals undergoing a range of elective and 

emergency surgical procedures across multiple international healthcare settings. The sample 

included 1000 patients, aged between 18 and 85 years, who had been monitored for end-tidal CO₂ 

levels during surgery, with detailed data on their subsequent postoperative outcomes, including 

respiratory function, cardiovascular stability, and recovery timelines. Inclusion criteria encompassed 

patients across all age groups and medical conditions, while those with incomplete data or 

contraindications for CO₂ monitoring were excluded. The aim of this analysis was to investigate the 

association between intraoperative ETCO₂ levels and postoperative outcomes on a global scale. 

 

Inclusion Criteria 

The inclusion criteria for this study encompassed patients who were aged 18 to 85 years and 

underwent elective or emergency surgical procedures requiring intraoperative end-tidal CO₂ 

monitoring. Participants were selected from a diverse range of medical backgrounds and conditions, 

ensuring a representative sample of the global surgical population. Only those who had complete 

intraoperative and postoperative data, including ETCO₂ measurements and detailed outcomes on 

respiratory function, cardiovascular stability, and recovery times, were included. The study 

specifically focused on patients who did not have any contraindications for CO₂ monitoring, 

ensuring that the data could be reliably analyzed for the associations between intraoperative ETCO₂ 

levels and postoperative outcomes. 

 

Exclusion Criteria 

The following criteria were used to exclude patients from the study: 

• Patients with incomplete intraoperative or postoperative data, including missing ETCO₂ 

measurements or outcome information. 

• Patients with contraindications for end-tidal CO₂ monitoring (e.g., severe facial trauma or 

respiratory obstruction). 

• Individuals under the age of 18 or over the age of 85. 

• Patients with a history of severe respiratory or cardiovascular conditions that could confound the 

analysis. 

• Pregnant women, due to potential risks associated with anesthesia and monitoring. 

• Patients undergoing surgeries that did not require general anesthesia or mechanical ventilation. 

• Individuals with significant cognitive impairments that would hinder postoperative assessment 

and follow-up. 

 

Data Collection 

Data for this study were collected from Saraswathi Institute of Medical Sciences, Hapur, UP, 

observational database that had meticulously documented both intraoperative and postoperative 

information. Intraoperative data included continuous monitoring of end-tidal CO₂ levels throughout 

the surgical procedure, as well as detailed records of ventilation settings, anesthetic agents used, and 

patient positioning. Postoperative data were systematically gathered, focusing on key outcomes such 

as respiratory function, cardiovascular stability, recovery time, and any complications encountered 

during the immediate postoperative period. All data were anonymized and stored securely to 

maintain patient confidentiality, and the study adhered to ethical standards for data handling and 

analysis. 

 

Data Analysis 
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Data analysis was conducted using advanced statistical methods to explore the associations between 

intraoperative end-tidal CO₂ levels and postoperative outcomes. Initially, descriptive statistics were 

employed to summarize patient demographics, surgical characteristics, and baseline clinical 

variables. Multivariate regression models were then used to assess the relationship between 

fluctuations in ETCO₂ levels during surgery and key postoperative outcomes, such as respiratory 

function, cardiovascular stability, and recovery time. Potential confounders, including patient age, 

comorbidities, and type of surgery, were controlled to ensure the robustness of the results. 

Additionally, subgroup analyses were performed to investigate whether the associations varied 

across different patient groups or surgical procedures. All statistical tests were two-tailed, with a 

significance level set at p<0.05, and the analysis was carried out using specialized software to 

ensure the accuracy and reliability of the findings. 

 

Results 

Table 1 provides a detailed breakdown of the demographic and surgical characteristics of the study 

population. Among the 1000 patients included, the majority (58%) were male, while 42% were 

female. The age distribution revealed that the largest group (32%) fell within the 46–60 age range, 

followed by 25% in the 31–45 age group. Elective surgeries accounted for 75% of the cases, 

whereas emergency procedures comprised 25%. The American Society of Anesthesiologists (ASA) 

classification indicated that 65% of the patients were classified as ASA I-II, signifying lower 

preoperative risk, while 35% were classified as ASA III-IV, indicating higher risk. General 

anesthesia was the predominant choice (90%), with regional anesthesia used in only 10% of cases. 

These characteristics underscore the diversity of the sample and provide a foundation for 

understanding how patient demographics and surgical factors may influence intraoperative ETCO₂ 

levels and postoperative outcomes. 

 

Table 1: Detailed Demographic and Surgical Characteristics 

Characteristic Total (N = 1000) Elective (N = 

750) 

Emergency 

(N = 250) 

Age Range     

18-30 120 (12.0%) 80 (10.7%) 40 (16.0%) 

31-45 250 (25.0%) 190 (25.3%) 60 (24.0%) 

46-60 320 (32.0%) 260 (34.7%) 60 (24.0%) 

61-75 200 (20.0%) 150 (20.0%) 50 (20.0%) 

76-85 110 (11.0%) 70 (9.3%) 40 (16.0%) 

Gender    

Male 580 (58.0%) 430 (57.3%) 150 

(60.0%) 

Female 420 (42.0%) 320 (42.7%) 100 

(40.0%) 

ASA Classification    

I-II 650 (65.0%) 550(73.3%) 100 

(40.0%) 

III-IV 350 (35.0%) 200 (26.7%) 150 

(60.0%) 

Type of Anesthesia    

General 900 (90.0%) 700 (93.3%) 200 

(80.0%) 

Regional 100 (10.0%) 50 (6.7%) 50 (20.0%) 
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Table 2 illustrates the distribution of intraoperative end-tidal CO₂ (ETCO₂) levels across different 

demographic and surgical variables. Patients with ETCO₂ levels between 36–40 mmHg represented 

the largest proportion, with slightly higher percentages observed among females (35%) compared to 

males (30%). Elective surgeries showed a higher prevalence of ETCO₂ levels within the 30–40 

mmHg range, while emergency surgeries were associated with elevated ETCO₂ levels (>40 mmHg). 

The mean duration of surgery increased progressively with higher ETCO₂ levels, ranging from 120 

minutes for patients with ETCO₂ levels of 30–35 mmHg to 200 minutes for those with levels 

exceeding 50 mmHg. These findings suggest that surgical complexity and duration may contribute 

to variations in ETCO₂ levels. 

 

Table 2: Intraoperative ETCO₂ Levels by Demographics and Surgical Factors 

ETCO₂ 

Level 

(mmHg) 

Male 

(%) 

Female 

(%) 

Elective 

(%) 

Emergency 

(%) 

Mean 

Surgery 

Duration 

(minutes) 

30-35 20.0 25.0 22.0 18.0 120 ± 30 

36-40 30.0 35.0 32.0 28.0 140 ± 35 

41-45 25.0 20.0 23.0 30.0 160 ± 40 

46-50 15.0 10.0 12.0 20.0 180 ± 50 

>50 10.0 10.0 11.0 14.0 200 ± 60 

 

Table 3 highlights the relationship between intraoperative ETCO₂ levels and postoperative 

complications. Respiratory failure and cardiovascular instability were significantly more prevalent 

among patients with elevated ETCO₂ levels. For example, patients with ETCO₂ levels >50 mmHg 

experienced respiratory failure in 30% of cases and cardiovascular instability in 25% of cases, 

compared to only 5% and 4%, respectively, in those with ETCO₂ levels of 30–35 mmHg. Similarly, 

prolonged ICU stays, and 30-day mortality rates were markedly higher in the elevated ETCO₂ 

groups, with ICU stays observed in 12% of cases and mortality reaching 5% in the highest ETCO₂ 

category. These findings underscore the potential impact of intraoperative ETCO₂ management on 

postoperative outcomes. 

 

Table 3: Postoperative Complications by ETCO₂ Level 

ETCO₂ Level 

(mmHg) 

Respiratory 

Failure (%) 

Hypotension 

(%) 

Prolonged 

ICU Stay 

(%) 

30-Day 

Mortality 

(%) 

30-35 5.0 4.0 2.0 0.5 

36-40 8.0 6.0 3.0 1.0 

41-45 15.0 12.0 5.0 2.0 

46-50 20.0 18.0 8.0 3.0 

>50 30.0 25.0 12.0 5.0 

 

Table 4 presents the results of a multivariate regression analysis exploring the associations between 

ETCO₂ levels and key postoperative outcomes. Elevated ETCO₂ levels were independently 

associated with increased risks of respiratory complications (β = 0.15, p < 0.001), cardiovascular 

complications (β = 0.12, p < 0.001), and prolonged recovery times (β = 0.18, p < 0.001). ICU 

admission rates and 30-day mortality also showed significant positive associations with higher 

ETCO₂ levels (β = 0.20 and β = 0). 
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Table 4: Multivariate Regression Analysis of ETCO₂ Levels and Postoperative Outcomes 

Outcome Variable β Coefficient 95% Confidence Interval p-value 

Respiratory 

Complications 

0.15 0.10 to 0.20 <0.001 

Cardiovascular 

Complications 

0.12 0.08 to 0.18 <0.001 

Prolonged Recovery 

Time 

0.18 0.12 to 0.25 <0.001 

ICU Admission 0.20 0.15 to 0.28 <0.001 

30-Day Mortality 0.25 0.18 to 0.35 <0.001 

 

Table 5 delves into the subgroup analysis, examining the differential impact of intraoperative 

ETCO₂ levels on postoperative outcomes across various patient categories. Among younger patients 

(<45 years), respiratory complications occurred in 10% of cases, compared to 15% in older patients 

(≥45 years). Similarly, cardiovascular complications were more frequent in the older subgroup 

(12%) than in younger patients (8%). Recovery times were also prolonged in older patients, with a 

mean duration of 5.5 ± 1.5 hours compared to 4.5 ± 1.0 hours in younger individuals. Patients with 

lower preoperative risk (ASA I-II) exhibited fewer respiratory (8%) and cardiovascular (6%) 

complications, along with shorter recovery times (4.0 ± 0.8 hours), compared to those with higher 

preoperative risk (ASA III-IV), where respiratory and cardiovascular complications were 20% and 

18%, respectively, and recovery times extended to 6.0 ± 1.8 hours. The type of surgery also 

influenced outcomes, with elective surgeries associated with fewer complications (respiratory: 12%, 

cardiovascular: 10%) and shorter recovery times (4.8 ± 1.2 hours) compared to emergency 

procedures, which showed significantly higher rates of respiratory (25%) and cardiovascular (20%) 

complications and extended recovery times (6.5 ± 1.7 hours). 

 

Table 5: Subgroup Analysis of ETCO₂ Impact on Postoperative Outcomes 

Subgroup Respiratory 

Complications 

(%) 

Cardiovascular 

Complications 

(%) 

Recovery 

Time 

(hours) 

p-value 

Age <45 10.0 8.0 4.5 ± 1.0 0.02 

Age ≥45 15.0 12.0 5.5 ± 1.5 0.01 

ASA I-II 8.0 6.0 4.0 ± 0.8 0.03 

ASA III-IV 20.0 18.0 6.0 ± 1.8 0.001 

Elective 

Surgery 

12.0 10.0 4.8 ± 1.2 0.01 

Emergency 

Surgery 

25.0 20.0 6.5 ± 1.7 <0.001 

 

Discussion 

This study investigated the associations between intraoperative end-tidal CO₂ levels and 

postoperative outcomes, providing critical insights into how variations in ETCO₂ levels impacted 

patient recovery and safety. The findings revealed that elevated ETCO₂ levels were significantly 

associated with an increased incidence of postoperative respiratory complications, cardiovascular 

instability, prolonged ICU stays, and higher 30-day mortality rates. These results emphasized the 

importance of meticulous intraoperative monitoring and management of ETCO₂ to optimize patient 

outcomes. 

 

The observed relationship between elevated ETCO₂ levels and respiratory complications aligned 

with prior research. Elevated ETCO₂ levels, often reflecting hypoventilation or reduced pulmonary 

perfusion, were associated with a higher risk of respiratory failure. This was consistent with earlier 
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findings by Park et al., who demonstrated that intraoperative hypercapnia contributed to a greater 

likelihood of respiratory complications (11). The current study extended these observations by 

quantifying the impact across a large, diverse patient population, highlighting the progressive 

increase in respiratory failure rates as ETCO₂ levels rose beyond 40 mmHg. 

 

Similarly, cardiovascular complications were significantly more frequent in patients with elevated 

ETCO₂ levels, underscoring the hemodynamic effects of hypercapnia, including increased 

sympathetic activation and vasodilation. This finding was supported by Besir and Tugcugil., who 

reported similar associations between intraoperative hypercapnia and perioperative cardiovascular 

instability(12). The current study further demonstrated that these complications were particularly 

pronounced in patients undergoing emergency procedures or those with higher preoperative risk 

profiles, as reflected in ASA classifications III-IV. 

The association between elevated ETCO₂ levels and prolonged ICU stays and 30-day mortality rates 

underscored the broader clinical implications of suboptimal intraoperative CO₂ management. 

Patients with ETCO₂ levels exceeding 50 mmHg experienced disproportionately longer ICU stays 

and higher mortality rates, findings that echoed the results of Dong et al., (13). This study’s 

comprehensive approach, which included stratification by demographic and surgical factors, 

provided a nuanced understanding of how specific patient populations, such as older individuals and 

those undergoing emergency surgeries, were disproportionately affected by elevated ETCO₂ levels. 

The subgroup analysis revealed notable variations in postoperative outcomes based on age, ASA 

classification, and type of surgery. Older patients exhibited a higher incidence of respiratory and 

cardiovascular complications compared to their younger counterparts, likely reflecting age-related 

physiological vulnerabilities. Similarly, patients with higher preoperative risk (ASA III-IV) 

experienced worse outcomes, emphasizing the need for targeted intraoperative management 

strategies in this group. 

 

The inclusion of both elective and emergency surgeries provided a comprehensive perspective, 

revealing that emergency procedures were associated with significantly higher rates of 

complications and extended recovery times. This contrasted with the findings of Takahashiet al., 

who focused exclusively on elective surgeries, underscoring the importance of including diverse 

surgical contexts to fully understand the implications of ETCO₂ management(14). 

These findings highlighted the critical role of intraoperative ETCO₂ monitoring in enhancing patient 

safety and optimizing outcomes. The study reinforced the need for vigilant monitoring and timely 

interventions, such as optimizing ventilation settings and ensuring adequate perfusion, particularly 

in high-risk populations. By addressing gaps in the existing literature and providing actionable 

insights, this study contributed to improving perioperative care practices and underscored the need 

for further research to establish causal relationships and evaluate the efficacy of targeted 

interventions. 

 

Conclusion 

This study demonstrated that intraoperative end-tidal CO₂ levels were significantly associated with a 

range of postoperative outcomes, including respiratory and cardiovascular complications, prolonged 

ICU stays, and increased 30-day mortality. Elevated ETCO₂ levels, particularly those exceeding 40 

mmHg, were found to be predictive of adverse outcomes, underscoring the critical importance of 

precise intraoperative monitoring and management of CO₂ levels. These findings emphasized the 

need for tailored ventilation strategies and heightened vigilance in high-risk populations, such as 

older patients, those with higher ASA classifications, and individuals undergoing emergency 

procedures. By incorporating a large and diverse patient population, this study provided robust 

evidence of the clinical implications of ETCO₂ variations, offering insights that extended beyond 

prior research. The results highlighted the complex interplay between demographic factors, surgical 

contexts, and intraoperative physiology, contributing to a more comprehensive understanding of 
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perioperative care. This study reinforced the importance of optimizing intraoperative practices to 

enhance patient safety and improve recovery outcomes. Future research should aim to establish 

causal relationships through randomized controlled trials and explore the integration of ETCO₂ 

monitoring with other physiological parameters for a more holistic approach to patient management. 

Ultimately, these findings served as a valuable resource for guiding clinical decision-making and 

advancing perioperative care standards. 
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