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Background: Reintubation is a serious adverse respiratory event after Stanford type A aortic dissection surgery (AADS), however, published studies focused on reintubation after AADS are very limited worldwide. The objectives of the current study were to establish an early risk prediction model for reintubation after AADS and to clarify its relationship with short-term and long-term prognosis.

Methods: Patients undergoing AADS between 2016–2019 in a single institution were identified and divided into two groups based on whether reintubation was performed. Independent predictors were identified by univariable and multivariable analysis and a clinical prediction model was then established. Internal validation was performed using bootstrap method with 1,000 replications. The relationship between reintubation and clinical outcomes was determined by univariable and propensity score matching analysis.

Results: Reintubation were performed in 72 of the 492 included patients (14.6%). Three preoperative and one intraoperative predictors for reintubation were identified by multivariable analysis, including older age, smoking history, renal insufficiency and transfusion of intraoperative red blood cells. The model established using the above four predictors showed moderate discrimination (AUC = 0.753, 95% CI, [0.695–0.811]), good calibration (Hosmer-Lemeshow χ2 value = 3.282, P = 0.915) and clinical utility. Risk stratification was performed and three risk intervals were identified. Reintubation was closely associated with poorer in-hospital outcomes, however, no statistically significant association between reintubation and long-term outcomes has been observed in patients who were discharged successfully after surgery.

Conclusions: The requirement of reintubation after AADS is prevalent, closely related to adverse in-hospital outcomes, but there is no statistically significant association between reintubation and long-term outcomes. Predictors were identified and a risk model predicting reintubation was established, which may have clinical utility in early individualized risk assessment and targeted intervention.
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Introduction

Reintubation is one of the commonly performed surgical procedures for patients with cardiopulmonary insufficiency and consciousness dysfunction after cardiovascular surgery, which is closely related to various adverse outcomes, prolonged hospital stay and increased medical costs (1–8). The reintubation rates reported in previous literature varied considerably due to differences in surgical populations across studies (9–13). Compared with other types of surgery, the incidence of reintubation after Stanford type A aortic dissection surgery (AADS) is relatively higher in the literature, ranging from 7.8 to 20.6% (13–16).

Several studies focused on postoperative reintubation have been conducted and some risk factors have been reported in the literature, such as advanced age and smoking history (4, 11). However, none of those previous studies were designed specifically for patients undergoing AADS or completed in this population. Moreover, no previous studies constructed convenient and practical tools such as nomogram and online risk calculator in this field, which may greatly facilitate the clinical application of prediction model. Our understanding of the risk factors for reintubation after AADS is limited, and there is an urgent need to construct a credible, convenient and practical risk prediction model. In addition, although the relationship between reintubation and in-hospital outcomes have been reported in some previous studies, the relationship between reintubation and long-term prognosis has never been deeply explored or reported so far. It remains unclear whether reintubation after AADS adversely affects the long-term prognosis of patients after discharge.

The objectives of this study were first to identify significant predictors for reintubation in patients undergoing AADS and develop a risk prediction model; and second to deeply explore the relationship between reintubation and in-hospital outcomes and long-term prognosis by univariable and propensity score matching analysis.



Materials and methods


Ethical statement

This study was conducted in accordance with the ethical statement of the Declaration of Helsinki, and was approved by The Ethics Committee of Tongji Medical College of Huazhong University of Science and Technology (IORG No. IORG0003571). Written informed consent was waived due to the observational nature of this study.



Study population

Consecutive adult patients who underwent AADS in a single institution between January-2016 and December-2019 were enrolled. The exclusion criteria of this study were: (1) age < 18 years; (2) time from onset to surgery exceeded 14 days; (3) history of mechanical ventilation within 14 days before surgery; (4) history of organ transplantation, immunosuppression, or immune deficiency; (5) intraoperative or early postoperative death; (6) incomplete medical records.



Data collection

Clinical data in the hospital were collected through the electronic medical records management system of the hospital. Preoperative factors analyzed in this study included sex, age, body mass index, smoking history, drinking history, hypertension, diabetes mellitus, pulmonary emphysema, chronic bronchitis, cerebrovascular disease, peripheral vascular disease, gastrointestinal tract disease, renal function, atrial fibrillation, general surgical history, cardiac surgery history, New York Heart Association class, pericardial effusion, pulmonary artery hypertension, diameters of the right atrium, right ventricle, left atrium and left ventricle, left ventricular ejection fraction, red blood cell count, hemoglobin, white blood cell count, platelet count, serum creatinine, urea nitrogen, albumin, and globulin. Operative factors included combined surgical types, cardiopulmonary bypass time, aortic cross clamp time, deep hypothermic circulatory arrest, and intraoperative transfusion of red blood cells (RBCs). For clinical factors with multiple measurements, the last measurement result before surgery was used in the analysis.



Definitions of important variables

Patients' BMI was calculated by dividing their weight in kilograms by their height in meters. Smoking history was defined as previous daily or current smoking. Drinking history was defined as previous alcohol consumption (consumption or >140 g/week >20 g/day) once a week or more over a year or current alcohol consumption. Hypertension was defined based on previous hypertension diagnosis, blood pressure ≥140/90 mmHg, or antihypertensive medication use. Diabetes mellitus was defined based on previous diabetes mellitus diagnosis, diabetic medication use, random glucose ≥11.1 mmol/L, or fasting glucose ≥7.0 mmol/L. Chronic bronchitis was clinically defined by the presence of chronic productive cough or based on imaging findings. Renal insufficiency was defined based on previous diagnosis of renal insufficiency or serum creatinine higher than 110 μmol/L.



Endpoints and outcome events

In this study, the primary endpoint was postoperative reintubation in patients undergoing AADS. The indications for reintubation included: (1) airway obstruction, progressive aggravation of dyspnea, respiratory failure, weak or stopped spontaneous breathing; (2) malignant arrhythmia, hemodynamic instability, heart failure, cardiogenic shock, cardiac arrest; (3) severe agitation, disturbance of consciousness, loss of consciousness; (4) poor oxygenation, severe respiratory acidosis, refractory hypoxemia; (5) multiple organ dysfunction, requiring treatment with reintubation; and (6) accidental removal of endotracheal intubation while extubation conditions were not reached.

The indications for extubation included: (1) Patients who were fully awake and can follow simple instructions such as opening their eyes, sticking out their tongue, and moving their limbs; (2) stable hemodynamics without low-cardiac output syndrome or myocardial ischaemia, and without significant inotrope support; (3) normothermia; (4) activated coagulation time is normal with no mediastinal bleeding; (5) Muscular strength in accordance with movement of limbs and spontaneous ventilation adequate to maintain arterial oxygen saturation over 95% with 50% FiO2 and end-tidal carbon dioxide below 50 mmHg.

The secondary endpoints in hospital included the length of mechanical ventilation, postoperative pneumonia, tracheostomy, readmission to intensive care unit (ICU), the length of ICU stay, the length of hospital stay, and in-hospital mortality.

The follow-up data of long-term prognosis after discharge were obtained by outpatient surveillance and telephone interviews, included stroke, myocardial infarction, dizziness, limb mobility impairment, all-cause readmission, dissection-related readmission, all-cause death, and dissection-related death.



Statistical analysis

Statistical analysis was performed using R software (version 4.0.5, www.R-project.org/) and SPSS (IBM SPSS Statistics 26.0, SPSS Inc., Chicago, IL). Two-tailed P-value < 0.05 was considered statistically significant.

Categorical variable was expressed as count (percentage). Normally distributed continuous variable was expressed as mean ± standard deviation, otherwise as median (interquartile range). The Q-Q plot was applied to assess whether continuous variable was normally distributed. For univariable analysis, chi-square test or Fisher's exact test was used for categorical variable, Student's t-test was used for normally distributed continuous variable, and Mann-Whitney U-test was used otherwise. Variables with P < 0.1 in the univariable analysis were further analyzed by a forward stepwise multivariable logistic regression procedure to identify significant predictors. The odds ratio (OR) with 95% confidence interval (CI) of each predictor was calculated. A visual nomogram and an online risk calculator based on those predictors and the logistic regression rule were then constructed.

The assessment of the prediction model was performed in the internal population. Internal validation was performed using bootstrap method with 1,000 replications. Calibration was evaluated by both visual inspection of calibration plot and Hosmer-Lemeshow goodness-of-fit test. Discrimination was evaluated using the area under the receiver operating characteristic (ROC) curve (AUC). Clinical utility was evaluated by decision curve analysis.

When analyzing the association between reintubation and other outcomes, univariable and multivariable regression analysis was used to control for confounders. Factors used in the multivariable analysis included sex, age, body mass index, smoking history, hypertension, diabetes mellitus, pulmonary emphysema, chronic bronchitis, cerebrovascular disease, renal function, atrial fibrillation, cardiac surgery history, New York Heart Association class, pericardial effusion, left ventricular ejection fraction, hemoglobin, white blood cell count, platelet count, albumin, cardiopulmonary bypass time, and intraoperative transfusion of RBCs. Survival analysis was performed using Kaplan-Meier curve and log-rank test.




Results


Demographic characteristics

After screening, a total of 492 patients met the inclusion criteria and were included in this study. The average age of these patients was 49.6 ± 11.3 years, 75.6% were male. The rate of reintubation after AADS was 14.6% (72/492). The baseline characteristics and operative variables of the included patients are summarized in Supplementary Table 1.



Development of the risk prediction model

Univariable analysis was first applied to screen potential predictors for reintubation after AADS and the results are presented in Table 1. Variables with P <0.1 or considered clinically significant were further entered into multivariable logistic regression analysis. Four significant predictors were identified in the final multivariable logistic model, including older age, smoking history, renal insufficiency, and intraoperative transfusion of RBC (Table 2). A visual nomogram based on the logistic rule and the four significant predictors was then established used for the prediction of reintubation after AADS (Figure 1). All the predictors were scaled to 0–100 points based on their regression coefficients, reflecting their relative weight.


TABLE 1 Univariable analysis of possible predictors for reintubation after AADS.
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TABLE 2 Multivariable analysis of significant predictors for reintubation after AADS.
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FIGURE 1
 Nomogram for the prediction of postoperative reintubation in patients undergoing AADS. A specific patient was shown to illustrate how to use the nomogram. This was a 54-year-old patient who had smoking history, normal renal function, and was transfused 4 units of RBCs intraoperatively. The individual item point corresponding to each factor is presented at the top, and the total scores were obtained from the sum of the points corresponding to each factor by a red dot. Given values of the 4 predictors, the patient can be intuitively mapped onto the nomogram. It can be clearly seen from the nomogram that the total scores of this patient was 220 points and the corresponding probability of reintubation was 0.094. AADS, Stanford type A acute aortic dissection surgery; RBC, red blood cell.


The probability of reintubation after AADS can be easily predicted on the nomogram by summing the points of all the predictors. Older patients who have smoking history, renal insufficiency, and more intraoperative transfusion of RBC may obtain higher points and have higher risk of reintubation. A specific case is shown in Figure 1. We also created and provided an online risk calculator to predict the probability of reintubation after AADS to facilitate the clinical application (https://reintubation-prediction.shinyapps.io/dynnomapp/).



Assessment of the risk prediction model

The model was well calibrated by both visual inspection and goodness-of-fit test (Hosmer-Lemeshow χ2 value = 3.282, P = 0.915, Figure 2A). The model showed moderate discrimination by plotting ROC curve and calculating the AUC (AUC = 0.753, 95% CI, [0.695–0.811], Figure 2B). The model showed remarkable clinical utility by decision curve analysis (Figures 2C,D). The decision and clinical impact curves indicated that compared with treat-none/all strategies, more clinical net benefits could be obtained between the threshold range of 0.05–0.43 when using this model.


[image: Figure 2]
FIGURE 2
 Assessment of the prediction model for postoperative reintubation in patients undergoing AADS. (A) Calibration plot and the result of goodness-of -fit test, (B) ROC curves and corresponding AUC, (C) decision curves, and (D) clinical impact curves. AADS, Stanford type A acute aortic dissection surgery; AUC, area under the receiver operating characteristic curve; CI, confidence interval; ROC, receiver operating characteristic curve.




Risk stratification

Based on the nomogram model and clinical practice, a risk stratification procedure was further performed to better facilitate clinical application (Table 3). All the patients were divided into 3 risk groups named low-, medium-, and high-risk group. The cutoff values of the predicted probabilities were respectively 0.1 and 0.3, corresponding to 215 and 251 points on the nomogram. In this study, about forty percent of the patients were divided into low risk group (39.2%), about half of the patients were divided into medium risk group (52.7%), and less than ten percent of the patients were divided into high risk group (8.1%).


TABLE 3 Risk intervals of reintubation based on the nomogram and clinical practice.
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In-hospital outcomes

Clinical outcomes in hospital are compared and summarized in Table 4. The overall in-hospital mortality in this study was 9.96% (49/492), with a rate of 4.5% in patients without reintubation vs. 41.7% in those with reintubation (P < 0.001). Significantly poorer outcomes with regard to mechanical ventilation, pneumonia, tracheostomy, readmission to ICU, ICU stay and hospital stay were also observed in patients with reintubation in the univariable analysis (Table 4). To deeply reveal the association of reintubation and these outcomes, we further performed multivariable regression analysis. The results showed that after controlling for confounders, there was still a significant association between reintubation and these outcomes.


TABLE 4 In-hospital clinical outcomes in patients with and without reintubation after AADS.

[image: Table 4]



Follow-up outcomes

We performed a long-term follow-up of 443 patients who were successfully discharged from the hospital. The maximum follow-up time was 72 months, the median follow-up time was 40 [31, 51] months, and 32 (7.2%) patients were lost to follow-up. Out-of-hospital information of these patients were obtained through follow-up, including stroke, myocardial infarction, dizziness, limb mobility impairment, all-cause readmission, dissection-related readmission, all-cause death, and dissection-related death, which are summarized in Table 5. In univariable analysis, no significant differences were observed regarding these out-of-hospital events between patients with and without reintubation (Table 5). In multivariable analysis, the association between reintubation and these outcomes remained insignificant after controlling for confounders.


TABLE 5 Long-term follow-up outcomes and comparison in patients with and without reintubation after AADS.

[image: Table 5]

To measure the effect of reintubation on the cumulative risk of all-cause death and dissection-related death over time, we plotted Kaplan-Meier curves and performed log-rank test (Figure 3). The results showed that there was a rapid increase in cumulative mortality in the early stage of discharge, followed by a gradual slowdown (Figures 3A,B). Although the cumulative probabilities of both all-cause death and dissection-related death were higher in patients with reintubation by visual inspection of the Kaplan-Meier curves, the differences were not statistically significant between the two groups by log-rank test (Figures 3C,D).
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FIGURE 3
 Cumulative all-cause mortality and dissection-related mortality after successful discharge in patients undergoing AADS and the comparison between patients with and without reintubation. The statistical results showed that the difference was not significant between the two groups. (A) Cumulative all-cause mortality, (B) cumulative dissection-related mortality, (C) comparison of cumulative all-cause mortality between patients with and without reintubation, and (D) comparison of cumulative dissection-related mortality between patients with and without reintubation. AADS, Stanford type A acute aortic dissection surgery.





Discussion

Reintubation is a serious adverse respiratory event after cardiovascular surgery and is closely associated with an increased risk of poor postoperative outcomes (1–8), which was again confirmed by our findings. In this study, the reintubation rate after AADS was 14.6%, and the in-hospital mortality rate was 9.96%, which was similar to the morbidity and mortality reported in the literature. Compared with patients without reintubation, patients who experienced reintubation had more postoperative complications and worse in-hospital outcomes, which further emphasized the need to identify significant predictors and establish a prediction model, so as to achieve the purpose of early prediction, prevention and treatment. However, no statistically significant association between reintubation and long-term outcomes has been observed in patients who were discharged successfully after surgery.

In this study, we identified four significant predictors for postoperative reintubation using clinical data of 492 patients undergoing AADS in a single cardiovascular center, including older age, smoking history, renal insufficiency and the amount of intraoperative transfusion of RBCs. A nomogram and an online risk calculator used to facilitate the prediction of reintubation after AADS was then constructed, which showed moderate discrimination, calibration and clinical utility. To the best of our knowledge, this is the first report that attempts to construct a nomogram and an online risk calculator for reintubation in patients undergoing AADS worldwide, which has certain clinical value and guiding significance.

Predictors for postoperative reintubation varied widely among different literature reports. However, the risk of reintubation has been reported to increase gradually with age in most studies (7, 9, 11, 15), which was consistent with the results of this study. Brovman et al. conducted a biinstitutional study to explore the relationship between early extubation and postoperative reintubation after elective cardiac surgery, finding that older age was an independent risk factor for postoperative reintubation (11). The risk of reintubation increased significantly with age in both coronary artery bypass grafting and aortic valve replacement. Beverly et al. obtained similar results when exploring risk factors for unplanned reintubation after cardiac surgery. In their multivariable analysis, compared to patients under 50 years, the risk of postoperative reintubation increased to 1.41, 2.03 and 3.08 times in patients aged 50–65, 65–80 and over 80 years, respectively (7). Vemuri et al. conducted a large population-based study to explore the effect of patient age on postoperative complication rates following abdominal aortic aneurysm repair in the United States (15). They grouped the population by age and found that the rate of postoperative reintubation increased significantly with increasing age. The rates of postoperative reintubation in patients aged 51–60, 61–70, 71–80, and over 80 years were respectively 3.9, 6.3, 9.3, and 9.5%, and the risk increased to 1.6, 2.3, and 2.7 times, respectively. Therefore, it is necessary to predict the risk of reintubation in advance and take preventive measures to avoid postoperative reintubation in elderly patients.

In the multivariable analysis, smoking history was identified as an independent risk factor for postoperative reintubation, consistent with the results of some previous studies (4, 5, 17). Brovman et al. conducted a retrospective cohort study to determine the frequency, associated risk factors and complications of reintubation in vascular surgery patients, finding that increased age, smoking status and open thoracic and abdominal aorta surgery were independently associated with the increased risk of unplanned reintubation (5). Burton et al. obtained similar results when investigating perioperative risk factors for unplanned reintubation after lung resection (4). In their multivariable regression analysis results, the risk of postoperative unplanned reintubation increased to 1.48 times in patients with smoking history. In addition, previous studies have confirmed that smoking history was closely related to the development of other postoperative respiratory complications, such as hypoxemia and pneumonia, which can significantly increase the risk of postoperative reintubation (18–20). Thus, the relationship between smoking history and the need for postoperative reintubation can be further explained. Recently, Khanna et al. conducted a large-scale study to explore risk factors for pulmonary complications after cardiothoracic surgery, mainly including pneumonia, prolonged mechanical ventilation and reintubation (17). After multivariable regression analysis, they identified 25 independent risk factors, including age, body mass index, smoking, creatinine values, thoracic aortic surgery, and RBC input. Although the results of their analysis focused on the overall pulmonary complications after cardiothoracic surgery, there were some concordances with some of the findings of this study. At the same time, this also confirms and reminds us that smoking is harmful to health, while not smoking or quitting smoking early may have a positive impact on long-term health and the prevention of public respiratory diseases.

Another significant predictor identified by multivariable analysis for reintubation after AADS was renal insufficiency, in agreement with the results of some previous studies (7, 14, 17, 21, 22). In the findings of Beverly et al., chronic kidney disease was another independent risk factor for unplanned reintubation besides age, with a 2.2-fold increased risk compared to patients with normal renal function (7). When studying perioperative risk factors for extubation failure after cardiac surgery, Rady et al. found that blood urea nitrogen levels greater than or equal to 24 mg/dL was an independent risk factor for postoperative reintubation (22). This was similar to the results of Etz et al., who explored the predictors, prevention, and treatment for pulmonary complications after descending thoracic and thoracoabdominal aortic aneurysm repair (14). Rujirojindakul et al. conducted a time-matched, case-control study on anesthetic patients to investigate risk factors for reintubation, finding that creatinine clearance rate was independently associated with postoperative reintubation (21). Compared with patients with creatinine clearance greater than 60%, patients with creatinine clearance of 25–60% and less than 24% had a 2.49-fold and 4.08-fold increased risk of postoperative reintubation, respectively. They believed that this may be related to the fact that renal insufficiency could lead to impaired excretion of anesthetic agents and thus would prolong the duration of the drugs. In addition, renal insufficiency has been reported to be closely related to the occurrence of various postoperative respiratory complications in previous literature reports, which may also be partly responsible for the increased risk of reintubation after AADS (18–20).

The amount of intraoperative transfusion of RBCs was another significant predictor for reintubation after AADS identified by multivariable logistic regression analysis. The risk of postoperative reintubation gradually increased with the increase of RBCs infusion, consistent with previous reports (17, 22). Although blood transfusion is routine and can be life-saving in traditional cardiovascular surgery, increasing evidence indicates that massive blood transfusion is closely related with the occurrence of various postoperative complications and adverse outcomes (23–26). In the findings of Rady et al., transfusion of more than 10 units of blood products was an independent risk factor for perioperative extubation failure in cardiac surgery (22). In the findings of Khanna et al., intraoperative transfusion of RBCs and other blood products were identified as independent risk factors for postoperative pulmonary complications, with the risk increased to 1.81 and 1.52 times, respectively, and the risk increased to 1.05 times with each more 500 ml transfusion of intraoperative blood and fluids (17). Previous studies have demonstrated that massive blood transfusion can cause multiple respiratory complications such as hypoxemia and pneumonia, which is associated with inflammatory response, decreased oxygen-carrying capacity and changes in immune function (27–31). The risk of reintubation may significantly increase with gradually deteriorated cardiopulmonary function and multiple organs of the patients (32). In recent years, increasing evidence has shown that restrictive transfusion strategies are safe and effective, which are also recommended by clinical practice guidelines (33–35).

Several other predictors for postoperative reintubation have also been reported in previous reports but were not identified as predictors in our analysis, including sex, body mass index, chronic lung disease, cardiac surgery history, cardiac function, and cardiopulmonary bypass time (4, 5, 7, 11, 17, 36). This may be due to the differences in the study population and the type of surgery. The large differences in predictors for reintubation after AADS and other surgical types further revealed the specificity of AADS. Therefore, it may not be appropriate to use existing risk prediction models developed for other types of surgery to predict the risk of reintubation after AADS, which also highlighted the necessity of this study.

Some postoperative variables such as the duration of mechanical ventilation and pneumonia were identified as independent risk factors for postoperative reintubation and included in the final model in some studies (11), but we only included preoperative and intraoperative variables for analysis and for the construction of the risk prediction model. Endotracheal intubation operation can damage the defense mechanism of respiratory system, and the risk of various postoperative respiratory complications may increase significantly with the prolongation of mechanical ventilation time (37, 38). Undoubtedly, endotracheal tube should be removed and the spontaneous breathing should be resumed when conditions permit (39, 40). However, we did not include the duration of mechanical ventilation as a predictor in our multivariable analysis because this was a postoperative variable and cannot be obtained at an early stage in some patients. The purpose of early prediction cannot be achieved if these postoperative variables were included in the model.

Extubation at an optimal time after surgery may significantly improve the prognosis of patients undergoing high-risk operations such as cardiovascular surgery, where a lot of exploration and research has been conducted in this field (41, 42). Balancing the relationship between prolonged mechanical ventilation and the risk of reintubation may have a profound impact on patient outcomes. The analysis results of this study showed that after controlling for confounders by multivariate analysis, the risk of multiple in-hospital adverse outcome events remained significantly higher in the reintubation group. Therefore, a more stringent reintubation strategy should be implemented to reduce unnecessary reintubation for low-risk patients. For high-risk patients, it may be effective to reduce postoperative cardiopulmonary complications and thus reduce the risk of reintubation by strengthening preoperative expectorant, oxygen therapy, respiratory function exercise, nutrition and cardiac function, shortening intraoperative operation time, reducing unnecessary blood transfusion, implementing more reasonable fluid and drug strategies, and paying more attention to their vital signs and taking timely treatment measures (43–48). The model established in this study may have an important role in personalized risk assessment and early prevention. Implementing appropriate preventive measures for high-risk patients identified by the risk prediction model may obtain more clinical net benefits.

For patients who were successfully discharged after surgery, reintubation showed no significant association with postoperative all-cause and dissection-related deaths in the whole population analysis. The difference in the outcomes between the two groups remained statistically insignificant after controlling for confounders by multivariate analysis. This finding may also have certain guiding value for doctor-patient communication and clinical practice.

Several limitations existed in this study. First, this was a single-center small-sized exploratory study, which may limit the generalizability of the findings. However, the conclusions may be more reliable due to the fact that we adopted the same strict and identical indications for reintubation in our center, which may significantly reduce heterogeneity. Second, some potential predictors that may associate with postoperative reintubation were not included in our analysis, such as the use of some blood indicators and drugs (10). Nevertheless, the model established using the four predictors indicated reasonable discrimination, calibration and clinical usefulness. Third, the primary endpoint of this study was reintubation, but the total number of reintubation events was small, especially after propensity score matching, which may have some impact on the findings. Multicenter, large sample size studies and longer follow-up are needed to deeply explore the relationship between reintubation and clinical outcomes in future work.



Conclusions

The requirement of reintubation after AADS is prevalent, closely related to adverse in-hospital outcomes, but there is no statistically significant association between reintubation and long-term outcomes. To our knowledge, this study represents the first attempt to construct a nomogram and an online risk calculator for reintubation in patients undergoing AADS worldwide, and the first report involving the relationship between reintubation and associated in-hospital and long-term outcomes, which may have certain clinical value and guiding significance. In this study, four significant predictors for reintubation after AADS were identified, including older age, smoking history, renal insufficiency and intraoperative transfusion of RBCs. The model established using the four predictors showed moderate discrimination, good calibration and clinical utility. Three risk groups were identified as low-, medium- and high-risk groups on the basis of the model and clinical practice. These findings may have clinical utility in early individualized risk assessment, informed decision-making and targeted interventions.
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