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Abstract 

The advances of the quality of anesthetics and of anesthetics techniques have facilitated the optimization of time for extubation 

in coronary heart disease graft. 

Aim: Comparison of clinical outcomes between patients extubated in the operating room and extubated patients within 6 hours 

after Intensive Care Unit (ICU) admission in patients undergoing cardiac surgery using extracorporeal circulation.  

Material and methods: A retrospective observational study of 194 patients submitted to cardiac surgery using 

extracorporeal circulation in one of the biggest tertiary hospitals in São Paulo. They were divided into two groups. In the first 

group, patient’s extubated in the operating room was composed of 95 patients. The second group of patients extubated within 6 

hours of ICU admission from the intubated operating room, composed of 99 patients. We excluded 10 patients who were 

extubated after 6 hours of ICU admission.  

Results: Patients extubated in the operating room (median of 8 days, IQR 6 to 10) had shorter hospital stay time than patients 

extubated within 6 hours of ICU admission (median of 10 days, IQR 8 to 12.5), prevalence of similar delirium (2.0% x 2.1%), 

absence of pneumonia associated with mechanical ventilation (VAP) (0%), absence of non-caloric-protein readjustment (0%) 

and regarding safety, only one patient was reintubated for anesthetic recirculation in the group of extubated in the room and 

there was no difference in the rate of ICU readmission with the non-extubated group.  

Conclusion: In this sample of patients, we found that extubation in the room was safe. Patients extubated in the operating 

room immediately after cardiac surgery have a lower chance of evolving with prolonged hospitalization when compared to 

patients who are extubated within 6 hours of ICU admission. 

Keywords: cardiac surgery; orotracheal intubation; hospital stay; pneumonia; reintubation; ICU readmission; delirium 

Abbreviations 

BMI: Body Mass Index 

ICU: Intensive Care Unit 

Introduction 

The intubation time in patients undergoing cardiac surgery alone is 

indicative of increased mortality [1]. Numerous studies have shown that 

early extubation between 6-8 hours can be safe and reduces the use of 

resources and hospital costs [2]. The improvement of anesthetic 
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techniques facilitated early extubation [3] popularly known as "fast-

track", the exact time of extubation in this technique is still a controversial 

subject, ranging from <12 hours to < 6 hours [4]. What allowed the 

improvement of the anesthetic technique was the implementation of the 

concept of "balanced anesthesia" in which low doses of narcotics 

associated with inward agents enable the maintenance of hemodynamic 

stability and early extubation of patients [5]. 

There are few services with extubation experience in the operating room, 

and this method is restricted for selected cases [4]. Current experience 

shows that extubation in the operating room did not increase the risk of 

reintubation, bleeding or cardiac arrhythmias [3]. In the literature, there 

are still few studies comparison the benefits of extubation in the room 

versus early extubation.  

The objective of this work is to report the experience of a cardiac surgery 

team with extubation in the room and compare with patients extubated 

early in the Intensive Care Unit (ICU). 

Materials and Methods 

This is a retrospective, observational study conducted between August 

2019 and March 2021 in one of the biggest tertiary hospitals in São Paulo. 

We analyzed 194 patients submitted to cardiac surgery using pulmonary 

extracorporeal circulation. The patients were divided into two groups, in 

the first group, patients extubated in the operating room, composed of 95 

patients. The second group of patients extubated within 6 hours of ICU 

admission from the intubated operating room, composed of 99 patients. 

We excluded 10 patients who were extubated after 6 hours of admission 

to the intensity therapy unit. The eligibility criteria in the extubation 

protocol in the room were: extracorporeal circulation time less than 120 

minutes, smoking load less than 50 packs/year, tobacco abstinence greater 

than or equal to 6 months, Body Mass Index (BMI) < 30, age between 16 

years and 65 years, lactate within normal limits, absence of vasopressors. 

The exclusion criteria of the extubation protocol in the room were: 

bleeding above expected, presence of ventricular arrhythmias and/or 

gasometric changes at the desired time of extubation, need for total 

circulatory arrest and in those that did not fit the eligibility criteria. 

The primary outcome was length of hospital stay in days. This outcome 

was analyzed with an ordinal logistic regression model [6], where an odds 

ratio (OR) lower than 1.0 means that patients in the "extubation in the 

operating room" group were less likely to have a longer hospital stay. In 

this model, the parameters age, BMI and euroSCORE II were treated as 

continuous covariates and adjusted using the restricted cubic spline, 

allowing greater flexibility in statistical modeling. Moreover, the 

parameters of sex, systemic arterial hypertension, diabetes mellitus and 

previous cardiac surgery were treated as categorical covariates and 

adjusted in this way. 

Secondary outcomes were: [1] duration of ICU stay in days, [2] in-

hospital mortality, [3] ventilator-associated pneumonia, [4] need for 

caloric readjustment, [5] need for orotracheal reintubation, and [6] 

delirium. Due to the low rate of events of these outcomes, statistical 

analysis was unfeasible due to low statistical power. Thus, only 

descriptive analysis of these outcomes was performed. 

Results 

Among the patients analyzed (N=194), 122 were male (63%) and 72 were 

female (37%). The median age was 62 years, with an interquartile range 

from 55 to 69 (Table 1). The most frequent comorbidities were systemic 

arterial hypertension (84%), dyslipidemia (45%) and previous history of 

acute myocardial infarction (39%). 

When stratified by exposure, the groups "Extubation within 6 hours" and 

"Extubation in the operating room" were similar in most of the baseline 

characteristics analyzed (Table 1). Patients extubated within 6 hours had 

a higher rate of preoperative pulmonary hypertension (9.1% vs. 4.2%), 

but lower rate of unstable angina (4% vs. 12%). Euro SCORE II was 

heterogeneous in both groups (Figure 1). However, the medians and 

interquartile intervals were similar (Table 2, Figure 1). 

 

Figure 1: Distribution of EuroSCORE II in each group. 
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Figure 2: Distribution of hospitalization days in each group. 

Seventy different types of surgery were performed (Table 2). The most common was myocardial revascularization (92% in the "Extubation in the 

operating room" group vs. 81% in the "Extubation within 6 hours" group). The other surgeries were less frequent. 

 

Characteristic 
General,  

N = 1941 

Extubation within 6 

 hours, N = 991 

Extubation in the  

operating room, N = 951 

Age 62 (55, 69) 62 (54, 68) 62 (57, 69) 

Sex    

Female 72 (37%) 39 (39%) 33 (35%) 

Male 122 (63%) 60 (61%) 62 (65%) 

Race    

Yellow 1 (0.5%) 1 (1.0%) 0 (0%) 

White 108 (56%) 62 (63%) 46 (48%) 

Not informed 1 (0.5%) 0 (0%) 1 (1.1%) 

Black 11 (5.7%) 5 (5.1%) 6 (6.3%) 

Brown 73 (38%) 31 (31%) 42 (44%) 

Body Mass Index 24.80 (23.50, 27.40) 24.60 (23.00, 27.80) 24.90 (23.80, 27.35) 

euroSCORE II 3.1 (2.3, 5.8) 3.1 (2.3, 6.6) 2.9 (2.3, 5.4) 

Dyslipidemia 87 (45%) 45 (45%) 42 (44%) 

    

Diabetes Mellitus 75 (39%) 36 (36%) 39 (41%) 

Systemic Arterial Hypertension 163 (84%) 79 (80%) 84 (88%) 

Previous Cardiac Surgery 11 (5.7%) 6 (6.1%) 5 (5.3%) 

Smoking 24 (12%) 14 (14%) 10 (11%) 

Stroke 4 (2.1%) 4 (4.0%) 0 (0%) 

Acute Myocardial Infarction 76 (39%) 40 (40%) 36 (38%) 

    

Alcoholism 1 (0.5%) 1 (1.0%) 0 (0%) 

Chronic Obstructive 

Pulmonary Disease 
12 (6.2%) 5 (5.1%) 7 (7.4%) 

Pulmonary Hypertension 13 (6.7%) 9 (9.1%) 4 (4.2%) 

Endocarditis 1 (0.5%) 0 (0%) 1 (1.1%) 

Atrial Fibrillation 1 (0.5%) 0 (0%) 1 (1.1%) 

Unstable Angina 15 (7.7%) 4 (4.0%) 11 (12%) 

1Median (interquartile range); n (%) 
 

 

 

Table 1: Basal characteristics of patients before surgery. 
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Type of Surgery2 
General,  

N = 1941 

Extubation within 6 

hours, N = 991 

Extubation in the 

operating room, N = 951 

MR 167 (86%) 80 (81%) 87 (92%) 

MP 5 (2.6%) 4 (4.0%) 1 (1.1%) 

VMIE 4 (2.1%) 2 (2.0%) 2 (2.1%) 

VAOE 3 (1.5%) 2 (2.0%) 1 (1.1%) 

MR + VAOE 2 (1.0%) 1 (1.0%) 1 (1.1%) 

VMIE + AFA 2 (1.0%) 2 (2.0%) 0 (0%) 

CA + VAOE + MP 1 (0.5%) 1 (1.0%) 0 (0%) 

CA 1 (0.5%) 1 (1.0%) 0 (0%) 

Anomalous Coronary Correction 1 (0.5%) 1 (1.0%) 0 (0%) 

MP + AFA 1 (0.5%) 0 (0%) 1 (1.1%) 

MR + MP 1 (0.5%) 1 (1.0%) 0 (0%) 

MR + MP + TP 1 (0.5%) 1 (1.0%) 0 (0%) 

Tirone David 1 (0.5%) 1 (1.0%) 0 (0%) 

Pulmonary Valve Exchange 1 (0.5%) 1 (1.0%) 0 (0%) 

VMIE + MP 1 (0.5%) 1 (1.0%) 0 (0%) 

VMIE + TP 1 (0.5%) 0 (0%) 1 (1.1%) 

1 number (%) 

Subtitle: AFA: Atrial Fibrillation Ablation; CA: Correction of Ascending Aortic Aneurysm; MP: Mitral Plasty; MR: Myocardial Revascularization; 

TP: Tricuspid plasty; VAOE: Valvar Aortic Exchange; VMIE: Valvar Mitral Exchange. 

Table 2: Types of surgeries performed. 

Outcome 
General,  

N = 1941 

Extubation within 6  

hours, N = 991 

Extubation in the 

operating room, N = 951 

Length of Hospital Stay (days) 9.0 (7.0, 11.0) 10.0 (8.0, 12.5) 8.0 (6.0, 10.0) 

Length of ICU stay (days)    

1 88 (45%) 77 (78%) 11 (12%) 

2 69 (36%) 0 (0%) 69 (73%) 

3 15 (7.7%) 0 (0%) 15 (16%) 

4 16 (8.2%) 16 (16%) 0 (0%) 

5 6 (3.1%) 6 (6.1%) 0 (0%) 

Mortality 0 (0%) 0 (0%) 0 (0%) 

Ventilator-Associated Pneumonia 0 (0%) 0 (0%) 0 (0%) 

Caloric-Protein Readjustment 0 (0%) 0 (0%) 0 (0%) 

Orotracheal Intubation 1 (0.5%) 0 (0%) 1 (1.1%) 

Delirium 4 (2.1%) 2 (2.0%) 2 (2.1%) 
1Media (interquartile range); number (%) 

 

Table 3: Clinical outcomes. 

The length of hospital stay was shorter in patients who underwent 

extubation in the operating room (median of 8 days, IQR 6 to 10) 

compared to the other group (median of 10 days, IQR 8 to 12.5), as shown 

in Figure 2. In the analysis with ordinal logistic regression, the group 

"Extubation in the operating room" was less likely to have a longer 

hospitalization than the group "Extubation within 6 hours" (OR = 0.38, 

95% confidence interval = 0.22 to 0.65, P value = 0.0004). 

The length of ICU stay ranged from 1 to 5 days. The prevalence of 

delirium was similar between groups (2.0% x 2.1%). Only 1 patient was 

reintubated by anesthetic recirculation in the group of extubated in the 

operating room. There were no deaths, pneumonia associated with 

mechanical ventilation and caloric-protein readjustment. 

Discussion 

Although the literature shows that early extubation in patients undergoing 

cardiovascular surgery is safe and cost-effective, there is still a question 

not discussion fully answered regarding how early extubation should be. 

Intubation time is the strongest predictor of 30-day and 1-year mortality 

among patients with ischemic heart failure undergoing coronary artery  

bypass grafting (CABG). Combining intubation time with other mortality 

risk factors may allow the identification of patients at the highest risk for 

whom the development of specific strategies may improve outcomes [7]. 

It is possible to observe in our study that both immediate extubation in the 

operating room and early extubation within 6 hours of ICU admission are 

safe, provided that the established criteria are respected. Previous studies 

have shown that immediate extubation in the operating room may or may 

not benefit patients after cardiovascular surgery [8,9]. Royse et al. did not 

observe reintubation in 100 patients extubated in the operating room 

[10,9]. Horswell et al., showed a 1.6% rate of reintubation for non-

respiratory problems in 514 patients evaluated [9]. Our data corroborate 

the existing literature, because only 1.03% (N=1) of the extubation group 

in the operating room had to be reintubated. 

Montes et al [11]. had a reintubation rate in extubated patients in an 

operating room of 8% and acute myocardial infarction of the 

postoperative period of 3%. This study was conducted in 2000, which 

demonstrates that the advancement of anesthetic techniques in recent 

years increased safety in early extubation. 
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Our study demonstrated that patients extubated in the operating room are 

less likely to have a prolonged hospitalization than patients who are 

extubated within 6 hours of ICU admission in the postoperative period of 

cardiac surgery. In the other adverse outcomes, we did not observe 

differences between the groups, such as ICU stay, presence of delirium, 

pneumonia associated with mechanical ventilation and the need for 

caloric-protein readjustment. 

Conclusion 

Immediate extubation in the operating room after cardiovascular surgery, 

provided that the eligibility criteria are met, is safe, and may decrease the 

hospital stay, when compared to early extubation by up to 6 hours in the 

ICU. In this set of patients the authors confirm the safety of immediate 

extubation. There were only significant differences as to hospital stay 

duration. 
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