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ABSTRACT

Introduction - Early tracheal extubation is a common goal after cardiac surgery. Our study aims to examine 
whether timing of tracheal extubation predicts improved postoperative outcomes and late survival after car-
diac surgery. We also evaluated the optimal timing of extubation and its association with better postoperative 
outcomes.
Methods - Between 2002 and 2006, 1164 patients underwent early tracheal extubation (<6 hours after sur-
gery) and 1571 had conventional extubation (>6 hours after surgery). Propensity score adjustment and multi-
variable logistic regression analysis were used to adjust for imbalances in the patients’ preoperative character-
istics. Receiver operating characteristic curves (ROC) were used to identify the best timing of extubation and 
improved postoperative outcomes. Cox regression analysis was used to identify whether early extubation is a 
risk factor for decreased late mortality.
Results - Early extubation was associated with lower propensity score-adjusted rate of operative mortality 
(Odds Ratio =0.55, 95% Confidence Intervals =0.31-0.98, p=0.043). Extubation within 9 hours emerged 
as the best predictor of improved postoperative morbidity and mortality (sensitivity =85.5%, specificity 
=52.7%, accuracy =64.5%). Early extubation also predicted decreased late mortality (Hazard Ratio =0.45, 
95% Confidence Intervals  0.31-0.67, p<0.001).
Conclusions - Early extubation may predict improved outcomes after cardiac surgery. Extubation within 9 
hours after surgery was the best predictor of uncomplicated recovery after cardiac surgery. Those patients 
intubated longer than 16 hours have a poorer postoperative prognosis. Early extubation predicts prolonged 
survival up to 16 months after surgery.
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early extubation after cardiac surgery, the 
optimal timing has not been determined. 
This propensity-matched study was de-
signed to evaluate optimal timing of early 
extubation and correlate timing of extuba-
tion with early and late outcomes.

METHODS

The Division of Cardiothoracic Surgery at 
Carolinas Heart and Vascular Institute com-
puterized database was utilized to identify 

INTRODUCTION

Early tracheal extubation is a common goal 
of postoperative recovery after cardiac sur-
gery. It is associated with decreased rates of 
pulmonary complications and decreased use 
of hospital resources (1-8). Though many 
investigations have elucidated the value of 
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all patients who had coronary artery bypass 
(CABG), isolated valve surgery, or valve/
CABG combination at Carolinas Medical 
Center between January 2002 to December 
2006; 2735 patients were thus identified. 
Of those, 1164 were extubated within six 
hours (early extubation group) and 1571 
were extubated six hours or greater after 
surgery (conventional extubation group). 
The same group of cardiac surgeons per-
formed all procedures. Data including base-
line demographics, procedural data, and 
perioperative outcomes were entered pro-
spectively in a pre-specified database by a 
dedicated data-coordinating center. 
Standard research approval was obtained 
via our Institutional Review Board before 
data identification, analysis, and study 
approval was initiated. Health Insurance 
Portability and Accountability Act of 1996 
regulations were followed at all times to 
maintain personal patient information con-
fidentiality. 
The Society of Thoracic Surgeons’ (STS) 
national cardiac database definitions were 
used for the purposes of the study. Early ex-
tubation is defined as removal of breathing 
tube <6 hours after arrival to cardiovascu-
lar intensive care unit (ICU). Pneumonia 
is defined as one of the following: positive 
cultures of sputum, blood, pleural fluid, em-
pyema fluid, trans-tracheal fluid or transt-
horacic fluid; consistent with the diagnosis 
and clinical findings of pneumonia (may 
include chest x-ray diagnosis of pulmonary 
infiltrates). Pulmonary embolism is defined 
as diagnosis by study as V/Q scan or an-
giogram. Septicemia is defined as positive 
blood cultures post-operatively. Prolonged 
intensive care unit length of stay is greater 
than 24 hours. Prolonged hospital length of 
stay is defined as hospital stay more than 
the 75th percentile of hospital length of stay 
(>9 days). Reintubation is defined as rein-
tubation for any reason during hospitaliza-
tion. Operative Mortality is defined as op-

erative death within 30 days of procedure. 
Cerebrovascular accident is defined as a 
central neurological deficit persisting for 
greater than 72 hours. Hemorrhage-related 
re-exploration is defined as operative re-in-
tervention required for bleeding or tampon-
ade. Renal failure is defined as an increase 
in serum creatinine greater than 2.0 mg/dl, 
and a doubling of creatinine over baseline 
preoperative value, and/or a new require-
ment for dialysis/hemofiltration.
Anesthesia and Intra-operative Manage-
ment. Monitoring included electrocardiog-
raphy, pulse oximetry, and end-tidal CO2 
as well as routine use of pulmonary arterial 
and radial arterial catheters. Anesthetic 
induction and maintenance routinely in-
cluded intravenous Fentanyl (10-20 micro-
grams/kg), Midazolam (5-10 mg), Propo-
fol as necessary, and Pavulon (10-20 mg). 
Additionally, inhalational anesthesia was 
provided with Isoflurane. Anticoagulation 
with intravenous Heparin was achieved 
and maintained with the aid of the Hepcon 
Hemostasis Management System (Medtron-
ic). Transesophageal echocardiography was 
routine.
Post-Operative Intensive Care Unit Man-
agement. Patients were brought to the ICU 
immediately after surgery and supported 
with mechanical ventilation, with goals of 
peak inspiratory pressures less than 30 cm 
H2O, pH 7.35-7.45, pO2 >80 and pCO2 
<50. Bispectral index sedation monitor-
ing (BIS) was utilized to assist the titra-
tion of propofol sedation (typically 0-50 
mcg/kg/minute intravenously) as needed. 
A BIS value of 80 or greater was consid-
ered appropriate for extubation. Patients 
were warmed for goal temperature >36 
°C.  Inotropes, vasopressors, vasodilators, 
and volume were utilized as needed for 
goals of cardiac index >2.2, systemic ve-
nous oxygen saturations >65%, and sys-
tolic blood pressures from 100-120 mmHg 
(unless patient specific characteristics dic-
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of chest tube drainage, hemodynamics, 
temperature, urine output, blood products 
transfusion, and analgesics/sedation were 
recorded hourly and discussed between 
team members with early extubation be-
ing continuously considered. Patients 
were extubated when consistently hemo-
dynamically stable, tolerating spontaneous 
breathing trial, hemostatic, and neurologi-
cally appropriate. Contraindications to ex-
tubation, without physician approval, in-
cluded cardiac index <2.2 liters/min/M2, 
systolic blood pressure <90 or >160 mm 
Hg, heart rate >130, pO2 <80 or pCO2 
>50 chest tube drainage >100 ml/hour, 
urine output <40 ml/hour, and a neu-
rologic deficit. Statistical Analysis. Uni-
variate comparisons of preoperative, op-
erative, and postoperative variables were 
performed between groups (early extuba-
tion and conventional extubation group). 
Dichotomous variables were compared 
using a Fisher’s exact test and nonpara-
metric variables were assessed with the 
Wilcoxon Rank Sum test. All tests were 
two-sided and p values 0.05 were consid-
ered statistically significant. All analyses 
were conducted using SAS (SAS Institute, 
Cary, NC). Propensity Score Adjustment. 
Propensity score adjustment was used on 
the postoperative outcomes to correct for 
imbalances between groups at baseline. A 
logistic regression model was created with 
early extubation/conventional extubation 
as the outcome and significant baseline 
characteristics (p<0.05) from the bivari-
ate analysis as the covariates. Propensity 
scores were generated and included as re-
gression (covariance) adjustments in each 
of the logistic regression outcome models 
(10). The ability of the propensity score to 
effectively balance the compared groups 
at baseline was confirmed using separate 
logistic models with early-conventional 
extubation group type as the dependent 

variable and the covariate and propensity 
score as the independent variables. 
Multivariable Modeling. A multivariable, 
stepwise forward logistic regression anal-
ysis was used to determine independent 
predictors of
1)	 pneumonia,
2)	 sepsis,
3)	 prolonged ICU LOS,
4)	 prolonged hospital LOS,
5)	 readmission to the ICU,
6)	 reintubation,
7)	 cerebrovascular accident,
8)	 renal failure,
9)	 hemorrhage-related re-exploration,

10)	 operative mortality.

The criterion for variable entry and remov-
al into the logistic models was a univariate 
probability level of p<0.05. The quality of 
fit of the logistic models was tested with the 
Hosmer and Lemeshow goodness-of-fit test.  
Survival Analysis A Proportional Hazards 
Cox regression model was used to evaluate 
the effect of early extubation on survival, 
while adjusting for the patients’ baseline 
characteristics. Kaplan-Meier curves were 
generated to show the survival patterns be-
tween the two study groups over 16 months 
after surgery.
Timing of Early Extubation. Receiver op-
erator characteristics (ROC) curves were 
utilized to evaluate how the timing of ex-
tubation affects operative mortality, reintu-
bation, and combined morbidity in cardiac 
surgery. Curves were generated at each hour 
of extubation up to 30 hours. The specific-
ity and sensitivity of each hour of extuba-
tion to predict postoperative outcomes is 
reported.

Results

Preoperative Characteristics. Univariate 
comparisons of patients’ preoperative char-
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acteristics between the early extubation 
group (n=1164) and the conventional ex-
tubation group (n=1571) are presented 
in Table 1. Early extubation patients were 

more likely to be males and have multi-
vessel coronary artery disease compared 
to conventional extubation group patients. 
Conventional extubation group patients 

Table 1 - Patients’ Baseline Characteristics in Patients with Early (<6 hours) and Late (>6 hours) Extubation.

Baseline
Characteristics

Early
Extubation 
(N=1164)

Conventional 
Extubation 
(N=1571)

p-value

Gender (male) 870 (74.7%) 1102 (70.2%) 0.008
Hypertension 854 (73.4%) 1227 (78.1%) 0.004
Diabetes 410 (35.2%) 608 (38.7%) 0.063
Previous Cerebrovascular Accident 88 (7.6%) 216 (13.8%) <0.001
Chronic Renal failure 33 (2.8%) 99 (6.3%) <0.001
COPD

Mild 88 (7.6%) 119 (7.6%)

0.029
Moderate 40 (3.4%) 84 (5.4%)
Severe 30 (2.6%) 59 (3.8%)
None 1006 (86.4%) 1309 (83.3%)

Reoperation 361 (31.0%) 602 (38.3%) <0.001
Previous CABG 50 (4.3%) 125 (8.0%)  .001
Previous Valve 17 (1.5%) 64 (4.1%) <0.001
Congestive Heart Failure 137 (11.8%) 368 (23.4%) <0.001
Unstable Angina 196 (16.8%) 360 (22.9%) <0.001
Recent Myocardial Infarction 234 (20.1%) 336 (21.4%) 0.414
Age >75 years 91 (7.8%) 278 (17.7%) <0.001
Ejection Fraction <40 229 (19.7%) 446 (28.4%) <0.001
NYHA Class

I 56 (4.8%) 37 (2.4%)

<0.001
II 410 (35.2%) 389 (24.8%)
III 499 (42.9%) 679 (43.2%)
IV 199 (17.1%) 466 (30.0%)

Number of Diseased Vessels

None 166 (14.4%) 227 (14.5%)

< 0.001
One 70 (6.1%) 98 (6.3%)
Two 619 (53.6%) 975 (62.2%)
Three 299 (25.9%) 267 (17.0%)

Case Priority
Elective 420 (36.1%) 397 (25.3%)

<0.001Urgent 695 (59.7%) 975 (62.1%)
Emergent 49 (4.2%) 199 (12.7%)

STS Risk Score  (N = 1081)  (N = 1444) p-value
Median (range) 0.02 (0.002-13.016) 0.03 (0.003-23.990) <0.001
Mean (SD) 0.29 (1.19) 0.44 (1.70)

Abbreviations: COPD - Chronic Obstructive Pulmonary Disease; CV - Cardiovascular; NYHA - New York Heart Association, CABG-
Coronary Artery Bypass Grafting.
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chronic renal failure, previous cerebrovas-
cular accident, and reoperation. 
Additional characteristics of this group in-

clude unstable angina, depressed left ventric-
ular ejection fraction, advanced age (greater 
than 75 years), be in class III/IV by New 
York Heart Association (NYHA) functional 

Table 2 - Patients’ Operative and Postoperative Characteristics in Patients with Early (<6 hours) and Late (>6 
hours) extubation.

Operative Characteristics Early Extubation 
(N=1164)

Conventional 
Extubation
 (N=1571)

p-value

Type of Surgery
CABG 939 (80.7%) 1177 (74.9%)

<0.001Valve 178 (15.3%) 247 (15.7%)
CABG + Valve 47 (4.0%) 147 (9.4%)

Prolonged Pump Time (>125 min) 191 (16.4%) 462 (29.4%) <0.001
Prolonged Cross Clamp Time (>78 min) 218 (18.7%) 446 (28.4%) <0.001
Prolonged Operation (>293 min) 174 (15.0%) 493 (31.4%) <0.001
Postoperative Outcomes
Cerebrovascular Accident 7 (0.6%) 50 (3.2%) <0.001
Sepsis 15 (1.3%) 72 (4.6%) <0.001
Renal Failure 25 (2.2%) 162 (10.3%) <0.001
Hemodialysis 3 (0.3%) 48 (3.1%) <0.001
Atrial Fibrillation 269 (23.1%) 534 (34.0%) <0.001
Cardiac Arrest 16 (1.4%) 64 (4.1%) <0.001
Intraaortic Balloon Pump 1 (0.1%) 4 (0.3%) 0.402
Hemorrhage-related Re-exploration 14 (1.2%) 143 (9.1%) <0.001
Blood Transfusion 296 (25.4%) 760 (48.4%) <0.001
Cardiac Tamponade 4 (0.3%) 26 (1.7%)  0.001
Mediastinitis 7 (0.6%) 16 (1.0%) 0.238
Mortality Operative 18 (1.6%) 89 (5.7%) <0.001
Cause of Death

Cardiac 15 (1.3%) 52 (3.3%)

<0.001

Infection 0 4 (0.3%)
Cerebrovascular Accident 0 13 (0.8%)
Respiratory Failure 1 (0.1%) 13 (0.8%)
Acute Renal Failure 0 4 (0.3%)
Other 1 (0.1%) 3 (0.2%)
Unknown 1 (0.1%) 0

Return to the ICU 61 (5.2%) 167 (10.6%) <0.001
Prolonged LOS ICU (>24 hours) 542 (46.6%) 1111 (70.7%) <0.001
Prolonged Hospital LOS (>9 days) 124 (10.7%) 471 (30.0%) <0.001
Reintubation 39 (3.4%) 122 (7.8%) <0.001
Pneumonia 30 (2.6%) 148 (9.4%) <0.001
Pulmonary Embolism 2 (0.2%) 8 (0.5%) 0.205
Multi System Organ Failure 4 (0.3%) 52 (3.3%) <0.001

Abbreviations: CABG - Coronary Artery Bypass Grafting; LOS - Length of Stay; ICU - Intensive Care Unit
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Table 3 - Early Extubation and Propensity Score-Adjusted Postoperative Outcomes.

OR CI p-value

Cerebrovascular Accident 0.31 0.13-0.73 0.007

Sepsis 0.56 0.30-1.04 0.066

Renal Failure 0.28 0.18-0.45 <0.001

Atrial Fibrillation 0.75 0.51-1.11 0.149

Hemodialysis 0.14 0.03-0.60 0.008

Cardiac Arrest 0.60 0.32-1.14 0.118

Intraaortic Balloon Pump 0.64 0.06-6.48 0.702

Hemorrhage-related Re-exploration 0.13 0.07-0.23 <0.001

Blood Transfusion 0.45 0.38-0.54 <0.001

Cardiac Tamponade 0.31 0.09-1.10 0.070

Mediastinitis 0.89 0.34-2.33 0.819

Operative Mortality 0.55 0.31-0.98 0.043

Return to the ICU 0.57 0.40-0.79 <0.001

Prolonged Hospital LOS (>9 days) 0.40 0.31-0.51 <0.001

Reintubation 0.58 0.39-0.88 0.009

Pneumonia 0.42 0.27-0.64 <0.001

Multi System Organ Failure 0.22 0.08-0.64 0.006

Any Infectious Complication 0.49 0.33-0.74 <0.001

Prolonged LOS ICU (>24 hrs) 0.43 0.37-0.52 < 0.001

Conventional extubation treatment is the reference category for the odds ratios.
Abbreviations: LOS - Length of Stay; ICU - Intensive Care Unit.

classification, and have urgent or emergent 
operation. In addition, the STS Risk Scores 
for Mortality were significantly higher in 
the conventional extubation group. 
Operative and Postoperative Characteris-
tics. Operative and postoperative results 
are presented in Table 2. 
Early extubation patients were more likely 
to have undergone isolated CABG com-
pared to conventional extubation group 
patients. Pump, cross clamp and operation 
times were longer on average for the con-
ventional extubation group. 
Conventional extubation group patients 
had a higher rate of operative mortality, 
history of cerebrovascular accident, sepsis, 
renal failure, atrial fibrillation, hemodialy-
sis, cardiac arrest, hemorrhage-related re-
exploration, cardiac tamponade, and blood 
transfusion.

Conventional extubation group patients 
were also more likely to be readmitted to 
the ICU, had higher reintubation rates, 
and had more prolonged ICU and hospital 
length of stay. 
Propensity Score Adjustment and Multi-
variable Modeling. Propensity scores were 
calculated and shown to balance out the 
differences at baseline between the early 
extubation and the conventional extuba-
tion group patients (ONLINE Appendix 1 
www.itacta.org) with p <0.05 being sta-
tistically significant. The propensity score-
adjusted outcomes are shown in Table 3. 
Early extubation was associated with de-
creased rates of pneumonia (p<0.001), 
stroke (p=0.007), acute renal failure 
(p<0.001), hemorrhage-related re-ex-
ploration (p<0.001), ICU length of stay 
(p<0.001) and hospital length of stay 
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(p<0.001), ICU readmission (p<0.001), 
reintubation (p=0.009), and operative 
mortality (p=0.043). Multivariable models 
were used as a supplementary analysis and 
confirmed these findings with the excep-
tion of sepsis (ONLINE Appendix 2 www.
itacta.org). 
Specifically, pneumonia (OR=0.35), pro-
longed ICU LOS (OR=0.43), prolonged 
hospital LOS (OR=0.37), readmission to 
ICU (OR=0.50), reintubation (OR=0.48), 
cerebrovascular accident (OR=0.21), renal 
failure (OR=0.24), re-operation for bleed-
ing (OR=0.13), and mortality (OR=0.46) 

were all decreased within the early extuba-
tion group. 
Survival Analysis. Late mortality was as-
sessed out to 16 months after cardiac sur-
gery (Figure 1). Hazard analysis is present-
ed in Table 4. With a hazard ratio (HR) of 
0.45, early extubation was associated with 
decreased late mortality (p<0.001) when 
adjusting for other significant covariates. 
Timing of Early Extubation. A sub-analy-
sis was conducted to determine the optimal 
timing of extubation to predict improved 
postoperative outcomes. Extubation within 
9 hours emerged as the best predictor of im-

Figure 1
Kaplan-Meier Curve for 
Late Mortality.

Table 4 - Risk Factors for Late Mortality After Cardiac Surgery.

HR 95% CI p-value

Early Extubation 0.45 0.31-0.67 <0.001

Diabetes 1.50 1.12-2.03 0.007

Chronic Renal Failure 2.46 1.60-3.77 <0.001

COPD 1.47 1.05-2.08 0.026

Reoperation 1.44 1.07-1.93 0.016

Congestive Heart Failure 2.30 1.68-3.15 <0.001

Unstable Angina 1.80 1.31-2.47 <0.001

Age >75 2.96 2.15-4.08 <0.001

Prolonged Pump Time (>125 min) 1.58 1.15-2.15 0.004

STS Risk Score for Mortality 1.06 1.00-1.12 0.036

Abbreviations: HR - Hazard Ratio; COPD - Chronic Obstructive Pulmonary Disease;  
STS - Society of Thoracic Surgeons
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proved postoperative outcomes including 
morbidity, mortality and reintubation (Ta-
ble 5). Detailed analysis is presented within 
ONLINE Appendix 3 www.itacta.org.

DISCUSSION

Mechanical ventilation after cardiac sur-
gery is used to improve oxygenation and 
ventilation as well as reduce cardiac work-
load in the hemodynamically unstable pa-
tient (3, 5). 
Early extubation has been correlated with 
decreased rates of mortality, morbidity, and 
resource utilization and may function as 
a predictor of an uncomplicated hospital 
course (1-9, 11-15). 
With this study, we evaluated timing of 
early extubation and its relation to post-op-
erative complications, death, and resource 
utilization. Additionally, we examined late 
mortality in the early versus conventional 
extubation groups. 
Despite the Society of Thoracic Surgeons’ 
definition for early extubation being extuba-
tion within six hours after surgery, an im-
portant finding of our study is that extuba-
tion up to nine hours after surgery appears 
to be a better predictor of post-operative out-
comes (ONLINE Appendix 3 www.itacta.
org). Operative mortality and cardiac cause 
of death were lower in the early extuba-
tion group (p<0.001) as were rates of sep-
sis, cerebrovascular accident, renal failure, 
hemodialysis, atrial fibrillation, cardiac ar-

rest, hemorrhage-related re-exploration, and 
blood transfusion (p<0.001), (Table 2). 
Prolonged intubation and continued hemo-
dynamic instability after cardiac surgery 
leads to significantly increased morbidity 
and mortality (17). Mechanical ventilatory 
support for 16 hours or more demonstrated a 
trend towards worse post-operative outcomes 
(ONLINE Appendix 3 www.itacta.org). 
This mirrors the findings from previous 
studies where poorer post-operative results 
occurred in those extubated in greater than 
24 hours (4, 18). Early extubation was as-
sociated with improved survival up to 16 
months after cardiac surgery (p<0.001) 
while chronic renal failure, congestive heart 
failure, unstable angina, and advanced age 
diminished late survival (Table 4). Similar 
findings were demonstrated by Cheng et 
al where there were no deaths in the one 
year follow-up in those patients extubated 
early (1). This study is among the first to 
demonstrate early extubation as a predictor 
of improved early and late outcomes after 
cardiac surgery. Limitations. Limitations of 
this study include all those inherent to any 
retrospective single-institution analysis.
All data elements, however, were prospec-
tively entered into a cardiac surgery re-
search database with strict definitions, and 
the data analysis was performed using ap-
propriately risk-adjusted statistical models 
to adjust for differences in preoperative 
risk factors. The accuracy of predicting im-
proved outcomes in those patients extubat-
ed in <9 hours is 65%.

Table 5 - Specificity, Sensitivity and Accuracy of Extubation <9 Hours to Predict Postoperative Outcomes.

Extubation <9hrs

Combined Mortality 
and Morbidity Mortality Morbidity Reintubation

Sensitivity 85.5% 62.7% 85.6% 62.7%

Specificity 52.7% 80.4% 53.0% 66.5%

Accuracy 64.5% 63.4% 64.9% 63.0%

C-Statistic 0.69 0.73 0.69 0.65
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Early extubation is among the earliest post-
operative predictors for those patients who 
are more likely to have a smooth post-op-
erative course and decreased complications 
after cardiac surgery. Further studies are 
recommended to confirm the findings of 
this study and implement changes in clini-
cal practice. 
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