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Background: Delayed extubation after cardiac surgery is associated with high morbidity and mortality, 
increased intensive care unit length of stay, and healthcare cost. Acute type A aortic dissection (ATAAD) 
generally results in prolonged mechanical ventilation due to the complexity of surgical management and 
some postoperative complications. This study aimed to elucidate the perioperative risk factors for delayed 
extubation in patients undergoing ATAAD surgery.
Methods: A retrospective cohort study including 239 patients who were diagnosed with ATAAD 
and underwent emergency surgery from October 2004 to January 2018 was performed. The potential 
perioperative risk factors for delayed extubation were collected. This study defined delayed extubation as the 
time to commence extubation being greater than 48 hours. The clinical data were analyzed with univariate 
and multivariate analyses to identify risk factors for delayed extubation following ATAAD surgery.
Results: The incidence of delayed extubation was 48.5% (n=116). Multiple logistic regression analysis 
showed perioperative risk factors for delayed extubation included preoperative cardiac tamponade [odds 
ratio (OR) 3.94, 95% confidence interval (CI) 1.39–11.17, P=0.010], central arterial cannulation (ascending 
aorta and proximal aortic arch) for cardiopulmonary bypass (CPB) (OR 4.04, 95% CI: 1.03–15.91, P=0.046), 
postoperative stroke (OR 10.58, 95% CI: 2.65–42.25, P=0.001), postoperative renal dysfunction that required 
temporary hemodialysis (OR 6.60 95% CI: 1.97–22.11, P=0.002), and re-exploration to stop bleeding (OR 
2.65, 95% CI: 1.00–6.99, P=0.050).
Conclusions: Preoperative cardiac tamponade, central arterial cannulation for CPB, postoperative stroke, 
postoperative renal dysfunction that required temporary hemodialysis, and re-exploration to stop bleeding 
are perioperative risk factors for delayed extubation. Identification of the potential risk factors for delayed 
extubation may help optimize the perioperative management and improve postoperative outcomes of patients 
undergoing ATAAD surgery.
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Introduction

Acute type A aortic dissection (ATAAD) is defined as the 
dissection that arises within the ascending aorta or aortic 
arch, according to Stanford’s classification, and occurs 
less than 14 days from the onset of symptoms (1). This 
condition is considered a surgical emergency because the 
mortality rate increases by approximately 1% for every 
hour of delay in surgical intervention. ATAAD is associated 
with high morbidity and mortality, given the surgical in-
hospital mortality rate of 6.6–23.9% (2-7). Perioperative 
management of ATAAD is challenging due to urgent 
presentation, high risk of mortality, organ dysfunction, and 
the complexity of surgical management. 

Postoperative mechanical ventilation is routinely used 
after cardiac surgery to minimize myocardial oxygen 
consumption and work of breathing from spontaneous 
ventilation. Nevertheless, delayed extubation may provoke 
adverse effects, including cardiopulmonary compromise, 
increased risk of pulmonary infection, patient discomfort 
from the endotracheal tube, increased intensive care unit 
(ICU) length of stay (LOS), and increased healthcare 
cost (8,9). Recently, fast track cardiac anesthesia has 
been introduced into clinical practice and has become 
increasingly adopted in many institutions. Early extubation 
within 6–8 hours after some certain cardiac surgeries 
can reduce the ICU LOS and healthcare costs (5,8,10). 
Moreover, it also increases the number of cardiac surgeries 
that can be performed (11). Unfortunately, early tracheal 
extubation after ATAAD surgery may not be feasible 
because of postoperative respiratory and ventricular 
dysfunctions following prolonged cardiopulmonary bypass 
(CPB), hemodynamic instability, abnormal hemostasis, 
hypothermia, bleeding, and postoperative complications. 
However, prolonged mechanical ventilation is associated 
with increased morbidity, mortality, and nosocomial 
infection (11). Pierre et al. reported a five-fold increase 
in mortality in patients with prolonged intubation time 
following cardiac surgery (12). Even though there is a 
reasonable amount of past literature available that reports 
the risk factors for delayed extubation after cardiac surgery, 
few studies particularly focused on patients who underwent 
ATAAD surgery (5,6,13). Therefore, this study aimed 
to elucidate the perioperative risk factors for delayed 
extubation in patients undergoing ATAAD surgery. 

Methods

This retrospective cohort study was carried out at a tertiary 

university hospital from October 2004 to January 2018. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The Institutional Review 
Board (IRB) approved this study and the requirement for 
individual consent was waived (Si 159/2017). The study 
criteria included patients diagnosed with ATAAD who 
underwent emergency surgery. We excluded patients who 
had preoperative tracheostomy, or who died intraoperatively 
or within 48 hours after the operation. The medical records 
of 239 patients were obtained from the hospital electronic 
database.

All patients were admitted to the surgical cardiac ICU 
after surgery. Intermittent intravenous morphine was given 
as a standard analgesia protocol without other sedative 
medications during mechanical ventilation. A standardized 
weaning protocol was applied to all patients. Tracheal 
extubation was performed when patients were fully awake 
with adequate muscle strength and had normal temperature, 
stable hemodynamic, acceptable hemostasis, and adequate 
gas exchange and respiratory mechanics.

Data collection and definition

Delayed extubation was defined as the cumulative 
duration of mechanical ventilation of more than 48 hours 
postoperatively, starting from the cardiac ICU admission 
to the time in which patients were tracheally extubated. 
Patients who had an unsuccessful attempt of extubation 
with an accumulated duration of mechanical ventilation 
of at least 48 hours were also included. However, there is 
no standardized definition of delayed extubation following 
ATAAD surgery. Therefore, we adopted this current 
definition according to previously conducted studies (5,6,13) 
and our institutional experience.

Potential  perioperative risk factors for delayed 
extubation were recorded. Preoperative factors included 
patient characteristics and preoperative complications that 
were related to ATAAD (cardiac tamponade, coronary 
involvement, stroke, limb ischemia, visceral ischemia, aortic 
regurgitation, tracheal intubation, and cardiac arrest). 
Intraoperative factors included types of surgery, numbers of 
operation, operative time, sites of arterial cannulation, CPB 
and aortic cross-clamp times, as well as deep hypothermic 
circulatory arrest (DHCA) time. Postoperative factors 
included stroke, renal dysfunction requiring temporary 
hemodialysis, re-exploration to stop bleeding, and acute 
respiratory distress (ARDS). Other postoperative outcomes, 
namely, mechanical ventilation time, the incidence of 
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tracheostomy, ICU and hospital LOS, and mortality were 
also recorded.

Statistical analysis

The statistical analysis was performed using PASW 
Statistics for Windows, Version 18.0 (SPSS Inc., Chicago, 
IL, USA). A P value of <0.05 was considered statistically 
significant. Data were presented as frequency and percent 
values for categorical variables. Mean and standard deviation 
(SD) was determined for continuous variables with normal 
distributions; median and interquartile ranges were used for 
skewed distributions. 

Potential perioperative risk factors for delayed extubation 
were initially compared by univariate analysis using 
independent sample t-test or Mann Whitney U test for 
continuous variables and Chi-square or Fisher’s exact test 
for categorical variables. Each variable with a statistically 
significant difference (P<0.05) by univariate analysis was 
entered into multiple logistic regression models. 

A multivariate binary logistic regression, using a stepwise 
approach, was used to identify independent risk factors 
for delayed extubation. All continuous variables were 
transformed into categorical variables before the analysis. 
The cut-off was considered as the 50th percentile of the 
recorded values and clinically appropriate. Adjusted odd 
ratio (OR) and 95% confidence interval (95% CI) were used 
to determine the strength of the association.

Collinearity between variables was assessed by Pearson 

pairwise correlation coefficient and variance inflation 
factors (VIF) statistics; r>0.7 and VIF >0.5 are cut-off 
values for multicollinearity in the regression model (14). 
Consequently, the factors that indicated multicollinearity 
were removed from the model. The Hosmer-Lemeshow 
goodness-of-fit test was used to assess the validity of the 
regression model. Multiple imputation was performed with 
Markov chain Monte Carlo technique in order to alleviate 
the effect of missing data for variables in multivariate 
analysis. 

Results

A total of 239 patients were enrolled in this study over a 
period of 15 years. The patients were divided into early 
extubation group (n=123, 51.5%) and delayed extubation 
group (n=116, 48.5%). The median extubation time was 
34.7 hours, with a range of 6 to 398 hours. The distribution 
of extubation time had a highly skewed pattern and was 
illustrated in Figure 1. 

A number of perioperative factors were associated with 
delayed extubation in univariate analysis. The preoperative 
risk factors were age, preoperative tracheal intubation, 
and cardiac tamponade (Table 1). The indications for 
preoperative tracheal intubation were cardiogenic shock 
from acute myocardial infarction, acute pulmonary edema 
from severe acute aortic regurgitation, and sudden cardiac 
arrest.

All of the operations were performed as emergency 
operations. The operative techniques are summarized in 
Table 2. Over 50% of patients required combined surgical 
procedures of at least two procedures in the same setting. 
Simultaneous coronary artery bypass graft (CABG) surgery 
was performed in 10% of patients. Intraoperative factors 
that were associated with delayed extubation were total 
arch replacement surgery, aortic valve surgery, operative 
time, CPB time, aortic cross-clamp time, and site of 
arterial cannulation (Table 2). Postoperative stroke, renal 
dysfunction requiring temporary hemodialysis, and re-
exploration to stop bleeding were postoperative factors 
associated with delayed extubation (Table 3).

Multivariate analysis revealed cardiac tamponade, 
arterial cannulation at ascending aorta and proximal aortic 
arch, postoperative stroke, postoperative renal dysfunction 
requiring temporary hemodialysis, and re-exploration 
to stop bleeding as independent risk factors for delayed 
extubation following ATAAD surgery (Table 4).

Postoperative outcomes are presented in Table 5. 

Figure 1 Distribution of extubation time following ATAAD 
surgery.
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Tracheostomy was performed in 16 patients (4.7%) who 
could not be extubated at 6–22 days postoperatively. The 
timing of the tracheostomy was at the discretion of the 
attending cardiac surgeons. There was no incidence of deep 
sternal wound infection in any of the patients who had 
tracheostomy. The ICU and hospital LOS were significantly 
longer in delayed extubation group. The overall incidence 
of in-hospital mortality was 10.0% (n=24). The in-hospital 
mortality was observed only in patients who had delayed 
extubation. 

Discussion

This study reported perioperative risk factors for delayed 
extubation following ATAAD surgery. We demonstrated 
that preoperative cardiac tamponade, ascending aorta, and 
proximal aortic arch as arterial cannulation (central arterial 
cannulation) for CPB, postoperative stroke, postoperative 
renal dysfunction requiring temporary hemodialysis, and re-
exploration to stop bleeding were independent risk factors 
for delayed extubation following ATAAD surgery. 

Table 1 Univariate analysis of preoperative factors for delayed extubation

Factors Total (n=239) Early extubation (n=123) Delayed extubation (n=116) P

Gender: male 154 (64.4) 85 (69.1) 69 (59.5) 0.138

Age (years) 57.2±14.6 54.4±14.0 60.2±14.8 0.002*

Body weight (kg) 67.6±14.5 67.9±14.0 67.4±14.9 0.767

BMI (kg/m2) 24.7±4.4 25.4±4.3 25.1±4.5 0.199

Hypertension 185 (77.4) 91 (74.0) 94 (81.0) 0.217

Diabetes mellitus 30 (12.6) 11 (8.9) 19 (16.4) 0.117

Pre-existing stroke 29 (12.2) 11 (8.9) 18 (15.7) 0.164

Pre-existing cardiac disease 30 (12.6) 11 (8.9) 19 (16.4) 0.117

LVEF <50% 24 (11.0) 11 (9.6) 13 (12.6) 0.520

Marfan syndrome 9 (3.8) 6 (4.9) 3 (2.6) 0.501

Bicuspid aortic valve 7 (3.8) 3 (2.5) 4 (3.5) 0.713

Known aortic aneurysm 4 (1.7) 1 (0.8) 3 (2.6) 0.358

Tobacco use 100 (41.8) 58 (47.2) 42 (36.2) 0.090

Previous cardiac surgery 10 (4.2) 2 (1.6) 8 (6.9) 0.054

Cardiac arrest 7 (2.9) 2 (1.6) 5 (4.8) 0.268

Tracheal intubation 41 (17.2) 11 (9.0) 30 (25.9) 0.001*

Cardiac tamponade 37 (15.5) 28 (24.1) 9 (7.3) <0.001*

Coronary involvement 19 (7.9) 7 (5.7) 12 (10.3) 0.233

New-onset stroke 14 (5.9) 4 (3.3) 10 (8.6) 0.100

Visceral ischemia 5 (2.1) 1 (0.8) 4 (3.4) 0.202

Acute limb ischemia 27 (11.3) 15 (12.2) 12 (10.3) 0.687

Aortic regurgitation 0.062

Mild 71 (32.4) 34 (29.3) 37 (35.9)

Moderate 21 (9.6) 14 (12.1) 7 (6.8)

Severe 31 (14.2) 22 (19.0) 9 (8.7)

*, statistical significance. Data were presented as n (%) or mean ± SD. LVEF, left ventricular ejection fraction. 
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Most of the previous studies used 48 hours as the 
cutoff values for delayed extubation after ATAAD surgery 
postoperatively (5,6,13). The reported incidence of delayed 
extubation ranged from 28.9% to 36.1% (5,6,13). This 
proportion is noticeably lower than that of our study 
(48.5%). The lowest incidence of delayed extubation 
was demonstrated in the study by Jin et al. (5). They 

retrospectively included 121 patients who underwent 
total arch replacement with frozen elephant trunk in 
2013–2014. Conversely, Kimura et al. presented the highest 
number (36.1%) of delayed extubation (13). Their study 
was conducted in 233 patients who underwent emergency 
ATAAD surgery from 1996 to 2007. The extent of surgery 
was quite similar to ours. The incidence of postoperative 

Table 2 Univariate analysis of intraoperative factors for delayed extubation

Factors Total (n=239) Early extubation (n=123) Delayed extubation (n=116) P

Operations

Ascending aorta replacement 191 (79.9) 99 (80.5) 92 (79.3) 0.872

Hemiarch replacement 78 (32.6) 39 (31.7) 39 (33.6) 0.784

Total arch replacement 48 (20.1) 16 (13.0) 32 (27.6) 0.006*

Modified Bentall operation 34 (14.2) 16 (13.0) 18 (15.5) 0.585

Aortic valve surgery 22 (9.2) 16 (13.0) 6 (5.2) 0.044*

CABG 24 (10.0) 10 (8.1) 14 (12.1) 0.390

Numbers of operation 0.102

1 97 (40.6) 58 (47.3) 39 (33.6)

2 96 (40.2) 47 (38.2) 49 (42.3)

3 38 (15.9) 14 (11.4) 24 (20.7)

4 8 (3.8) 4 (3.3) 4 (3.4)

Operative time (min) 419.4±214.8 378.9±206.2 462.4±216.3 0.003*

CPB time (min) 182.6±98.3 161.23±71.7 205.2±116.3 <0.001*

Aortic cross-clamp time (min) 133.5±72.9 118±62.6 149.9±79.3 0.001*

DHCA time (min) 36.4±32.3 34.2±27.8 38.9±36.5 0.260

Arterial cannulate site 0.002*

Axillary 99 (42.3) 62 (50.8) 37 (33.0)

Central 21 (9.0) 8 (6.6) 13 (11.6)

Innominate 21 (9.0) 15 (12.3) 6 (5.4)

Femoral 86 (36.8) 36 (29.5) 50 (44.6)

Multiple 7 (3.0) 1 (0.8) 6 (5.4)

Cerebral protection 0.535

ACP 175 (73.2) 89 (73.0) 86 (74.1)

RCP 22 (9.2) 14 (11.5) 8 (6.9)

Combined ACP and RCP 5 (2.1) 3 (2.5) 2 (1.7)

None 36 (15.1) 16 (13.1) 20 (17.2)

*, statistical significance. Data were presented as n (%) or mean ± SD. ACP, antegrade cerebral perfusion; CPB, cardiopulmonary bypass; 
DHCA, deep hypothermic circulatory arrest; RCP, retrograde cerebral perfusion. 
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stroke, postoperative temporary hemodialysis, and re-
exploration to stop bleeding in our study is approximately 
2–4 times greater than that of the aforementioned studies 

(5,13). These complications significantly predicted delayed 
extubation in this study, and this might explain the high 
incidence of delayed extubation. Another confounding 
factor that contributed to delayed extubation was that none 
of the patients was extubated between 11 pm and 6 am due 
to the limited number of attending doctors and nurses. 

The predictive factors for prolonged mechanical 
ventilation following ATAAD surgery were inconsistent 
among preceding studies; these include preoperative 
shock, preoperative limb ischemia, postoperative renal 
failure (serum creatinine >2 mg/dL), concomitant CABG, 
low preoperative platelet count, high serum lactate level, 
increased age, and high preoperative leukocyte count 
(5,6,13). We found that preoperative cardiac tamponade 
was a significant predictor for delayed extubation after 
ATAAD surgery. Rupture of the ascending aorta or the 
extension of the dissection into aortic root can produce 
hemopericardium and cardiac tamponade (15,16). 
Preoperative cardiac tamponade might contribute to 
delayed extubation; according to Bayegan et al., several 
patients suffered postoperative critical illness that resulted 
in multi-organ failure (15). They also revealed that patients 
with preoperative severe cardiac tamponade had a 16-fold 
increased risk of multi-organ failure and in-hospital death.

Site of arterial cannulation for CPB was the only 
intraoperative factor associated with delayed extubation 
from a multivariate analysis. Central arterial cannulation for 
CPB was a significant predictor for delayed extubation in 
our study. According to the study by Rosinski et al., central 
cannulation was associated with a higher occurrence of 
stroke because it could potentiate the propagation of clot 
or embolization (17). As a result, it could be implied that 
patients might require prolonged mechanical ventilation 
due to postoperative stroke. 

Table 4 Multivariate analysis of perioperative factors for delayed 
extubation following ATAAD surgery

Factors Adjust OR (95% CI) P

Preoperative factors

Age >65 years 2.01 (1.00–4.39) 0.051

Tracheal intubation 1.41 (0.51–3.90) 0.531

Cardiac tamponade 3.94 (1.39–11.17) 0.010*

Intraoperative factors

Total arch replacement 1.46 (0.59–3.59) 0.414

Aortic valve surgery 0.30 (0.08–1.12) 0.072

Operative time >7 hours 2.31 (0.97–5.49) 0.058

CPB time >3 hours 1.96 (0.88–4.35) 0.101

Arterial cannulation site

Axillary 1 (reference) –

Central 4.04 (1.03–15.91) 0.046*

Innominate 0.66 (0.17–2.52) 0.543

Femoral 1.11 (0.44–2.78) 0.830

Multiple 4.37 (0.40–48.36) 0.229

Postoperative factors

Stroke 10.58 (2.65–42.25) 0.001*

Renal dysfunction** 6.60 (1.97–22.11) 0.002*

Re-exploration to stop 
bleeding

2.65 (1.00–6.99) 0.050*

*, statistical significance; **, renal dysfunction requiring temporary 
hemodialysis. CPB, cardiopulmonary bypass. 

Table 3 Univariate analysis of postoperative factors for delayed extubation

Factors Total (n=239) Early extubation (n=123) Delayed extubation (n=116) P

Stroke 45 (19.0) 3 (2.5) 42 (36.5) <0.001*

Renal dysfunction** 41 (17.3) 5 (4.1) 36 (31.3) <0.001*

Re-exploration to stop bleeding 46 (19.4) 11 (9.0) 35 (30.4) <0.001*

Visceral ischemia 3 (1.3) 0 (0.0) 3 (2.6) 0.114

ARDS 1 (0.4) 0 (0.0) 1 (0.8) 0.485

*, statistical significance; **, renal dysfunction requiring temporary hemodialysis. Data were presented as n (%). ARDS, acute respiratory 
distress syndrome. 
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Table 5 Postoperative outcomes

Outcomes Total (n=239) Early extubation (n=123) Delayed extubation (n=116) P

Mechanical ventilation time (hour) 34.7 (17.5, 73.8) 20.8 (14.5, 32.1) 86.4 (66.2, 140.9) <0.001*

Tracheostomy 16 (4.7) – 16 (4.7) –

ICU LOS (day) 4.0 (3.0, 7.0) 3.0 (2.0, 4.0) 7.0 (5.0, 12.5) <0.001*

Hospital LOS (day) 11 (8.0, 17.0) 8.0 (7.0, 11.0) 15.0 (10.0, 25.0) <0.001*

In-hospital mortality 24 (10.0) 0 (0.0) 24 (20.7) <0.001*

*, statistical significance. Data were presented as n (%), or median (IQR). LOS, length of stay; ICU, intensive care unit.

Prolonged operative time and CPB time were generally 
considered as risk factors for delayed extubation. Because 
prolonged CPB, in combination with intraoperative 
DHCA, hemorrhage, and massive transfusion, can activate 
the inflammatory cascade and further result in respiratory 
compromise (18). However, they were statistically 
significant factors as shown by univariate analysis but were 
not significant in multivariate analysis. This finding was 
consistent with previously published studies (5,13). 

Postoperative complications are strong independent 
predictors for delayed extubation. Postoperative stroke 
was one of the risk factors with an incidence of 19%. This 
proportion is relatively higher than the previously reported 
incidence of 3–10% (5,13,19). Cerebral tissue hypoperfusion 
and emboli during CPB, as well as direct compromise of 
cerebral circulation are the possible mechanisms of stroke 
after ATAAD surgery. 

Another postoperative predictor of delayed extubation 
was renal dysfunction that required temporary hemodialysis. 
Kimura et al. also identified postoperative renal failure 
(defined as creatinine >2.0 mg/dL) as an independent risk 
factor for delayed extubation following ATAAD surgery (13).  
These findings might imply that cerebral and renal 
protective strategies should be optimized in order to 
minimize the incidence of delayed extubation after ATAAD 
surgery and its consequences afterward. Further, re-
exploration to stop bleeding was another postoperative factor 
for delayed extubation. Postoperative bleeding that requires 
surgery is usually associated with unstable hemodynamics, 
which is not compatible with the extubation criteria. 

This study had some limitations. First, some relevant 
data were missing because of the nature of retrospective 
study designs and the emergency treatment of ATAAD. For 
example, massive blood transfusion was evidently related to 
prolonged mechanical ventilation (20,21); unfortunately, we 
were unable to assess the exact volume of blood transfusion 

due to poorly collected data. Furthermore, the data of 
this study were collected from a single tertiary university 
hospital. The variation among institutions, in terms of 
anesthesia and surgical techniques, including the quality 
of postoperative care, may affect extubation outcomes. 
Because we included all patients who had ATAAD surgery 
consecutively during the study period, the onset of aortic 
dissection varied among individuals. The longer onset of 
symptoms is acknowledged as one of the risk factors for 
mortality after ATAAD; therefore, it might have affected 
the extubation time.

Conclusions

Preoperative cardiac tamponade, central arterial cannulation 
for CPB, postoperative stroke, postoperative renal dysfunction 
requiring temporary hemodialysis, and re-exploration to stop 
bleeding are independent perioperative risk factors for delayed 
extubation. Delayed extubation is significantly associated 
with increased in-hospital mortality and increased ICU and 
hospital LOS. Identification of the risk factors for delayed 
extubation is beneficial to optimize perioperative management 
of patients undergoing ATAAD surgery.
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