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Background

Thyroid hormones significantly influence cardiovascular pathophysiology, yet their prognostic role in acute aortic dissection (AAD) remains inadequately explored. This study assesses the prognostic value of thyroid hormone levels in AAD, focusing on the mediating roles of renal function and coagulation.





Methods

We included 964 AAD patients in this retrospective cohort study. Utilizing logistic regression, restricted cubic splines, and causal mediation analysis, we investigated the association between thyroid hormones and in-hospital mortality and major adverse cardiovascular events (MACEs).





Results

In AAD patients overall, an increase of one standard deviation in FT4 levels was associated with a 31.9% increased risk of MACEs (OR 1.319; 95% CI 1.098–1.584) and a 36.1% increase in in-hospital mortality (OR 1.361; 95% CI 1.095–1.690). Conversely, a higher FT3/FT4 ratio was correlated with a 20.2% reduction in risk of MACEs (OR 0.798; 95% CI 0.637–0.999). This correlation was statistically significant predominantly in Type A AAD, while it did not hold statistical significance in Type B AAD. Key renal and coagulation biomarkers, including blood urea nitrogen, creatinine, cystatin C, prothrombin time ratio, prothrombin time, and prothrombin time international normalized ratio, were identified as significant mediators in the interplay between thyroid hormones and MACEs. The FT3/FT4 ratio exerted its prognostic influence primarily through the mediation of renal functions and coagulation, while FT4 levels predominantly impacted outcomes via a partial mediation effect on coagulation.





Conclusion

FT4 levels and the FT3/FT4 ratio are crucial prognostic biomarkers in AAD patients. Renal function and coagulation mediate the association between the thyroid hormones and MACEs.
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1 Introduction

Acute aortic dissection (AAD) is a life-threatening cardiovascular condition with a prognosis influenced by various factors, including the patient’s overall health status, disease severity, and chosen treatment modalities. Despite advancements in understanding these contributory factors, mortality rates in AAD patients remain alarmingly high (1, 2). Therefore, identifying novel prognostic indicators and comprehensively understanding their roles in adverse outcomes are crucial.

Thyroid hormones are recognized as metabolic regulators with intricate interactions within the cardiovascular system. These interactions manifest through various mechanisms, including dyslipidemia, endothelial dysfunction, alterations in blood pressure, and direct effects on myocardial tissue (3, 4). Evidence has shown that thyroid hormones are associated with adverse prognostic outcomes in cardiovascular patients (5–9). Among the thyroid hormones, free triiodothyronine (FT3) and free thyroxine (FT4) are pivotal in influencing both physiological and pathological cardiovascular processes. The FT3/FT4 ratio, a marker for thyroid hormone metabolism and conversion from T4 to T3, has demonstrated prognostic utility in various cardiovascular diseases (10–12). Previous small-scale studies have explored the effects of T3 or T4 on postoperative acute kidney injury (13) and postoperative delirium (14), as well as the relationship between high-thyroid stimulating hormone (TSH) subclinical hypothyroidism and postoperative mortality in AAD patients (15). However, a comprehensive examination of the prognostic significance of the FT3/FT4 ratio in AAD patients remains limited.

Renal function and coagulation are critical determinants of cardiovascular disease prognosis. Impaired renal function is associated with increased mortality and adverse cardiovascular events (16, 17), while coagulation abnormalities can lead to thromboembolic events and worsen cardiovascular outcomes (18–20). Given the known interactions between thyroid function, renal function (21–24), and coagulation (25–27), we hypothesize that thyroid function may influence AAD prognosis through its effects on renal function and coagulation, which serve as mediating factors in this relationship.

The primary objective of this study is to elucidate the relationship between thyroid hormones and adverse outcomes in AAD patients, while also assessing the mediating roles of renal function and coagulation, to offer insight into the potential biological mechanisms of AAD.




2 Method



2.1 Study population

The study cohort comprised 1,305 patients diagnosed with AAD at the First Affiliated Hospital of Shantou University Medical College between 2015 and 2022, and only the initial admission of each patient was considered. Serum FT3 and FT4 levels were evaluated upon admission. Exclusion criteria encompassed missing FT3, FT4, or computed tomography angiography data, prior hyperthyroidism, pregnancy, Marfan syndrome, concurrent malignant tumor, or being underage. Following these criteria, a total of 964 patients were enrolled for this investigation (Figure 1). This retrospective study conforms to the stipulations of the Declaration of Helsinki, and received approval from the Ethics Committee of the First Affiliated Hospital of Shantou University Medical College.




Figure 1 | Flow diagram of patient selection.






2.2 Data collection and definitions

Data were retrospectively extracted from electronic medical records including demographic variables (e.g., age and gender) and pertinent clinical history variables, including hypertension, diabetes mellitus, atrial fibrillation, coronary artery disease, and smoking status. Laboratory tests included thyroid function tests (FT3, FT4, and TSH); renal function tests, such as blood urea nitrogen (BUN), creatinine (Cr), and cystatin C (CysC); and a lipid profile encompassing low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC), and triglycerides (TRIG). Additionally, serum albumin, coagulation markers, and a complete blood count were assessed. We also calculated estimated glomerular filtration rate (eGFR) using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation (28, 29).

Due to the critical condition of many patients with AAD, anthropometric measurements, such as height and weight, were often unattainable. Consequently, owing to the elevated proportion of missing data, body mass index (BMI) was not included as a variable. Instead, the controlling nutritional status (CONUT) score, a validated instrument for nutritional risk assessment, was utilized as a covariate. The CONUT score is a validated tool for screening and identifying malnutrition in hospitalized patients, calculated based on serum albumin levels, total cholesterol, and total lymphocyte count (30, 31).

Detailed records were maintained for all therapeutic interventions, including surgical procedures, thoracic endovascular aortic repair (TEVAR), and pharmacological treatments. The pharmacological regimens included β-adrenergic blockers, angiotensin-converting enzyme inhibitors (ACEIs), calcium channel blockers (CCBs), and statins. Based on computed tomography angiography results, patients were categorized as either Type A acute aortic dissection (TAAAD) or Type B acute aortic dissection (TBAAD).




2.3 Endpoints

The primary endpoints of this study were in-hospital mortality and major adverse cardiovascular events (MACEs). MACEs were defined as a composite of acute myocardial infarction, repeat revascularization, heart failure, stroke, vascular reconstruction (primarily coronary artery bypass grafting and percutaneous coronary intervention), and all-cause mortality.




2.4 Statistical analysis

For continuous variables, those with normal or near-normal distributions are represented as mean (standard deviation, SD), while those with skewed distributions are described using the median (interquartile range, IQR). Categorical variables are denoted as numbers (percentages, %). The chi-squared test was utilized for categorical variables, ANOVA for normally distributed continuous variables, and the Kruskal-Wallis test for skewed continuous variables.

Non-linear associations between FT3, FT4, or the FT3/FT4 ratio and in-hospital mortality, as well as MACEs, were assessed using restricted cubic splines (RCS). Furthermore, we standardized (Z-score) the FT3, FT4, and FT3/FT4 ratio, then included them in the univariate and multivariate logistic analyses to investigate the odds ratios (OR) and 95% confidence intervals (CI) for each SD increase. Model 1 adjusted for age, gender, AAD type, hypertension, diabetes, surgical intervention, and TEVAR. Model 2 incorporated additional variables such as smoking, use of CCBs, and β-blockers, and Model 3 further adjusted for TSH, CKMB, WBC, AST, and CONUT score. Subgroup analyses were stratified according to the type of aortic dissection (TAAAD or TBAAD). Additionally, causal mediation analysis was used to probe the mediating effects of BUN, Cr, CysC, eGFR, prothrombin time (PT), prothrombin time ratio (PTR), and prothrombin time international normalized ratio (PTINR) on the FT3/FT4 ratio-MACEs association, as well as their mediating effects on the FT4-MACEs association, employing the ‘mediation’ and ‘bruceR’ packages in R.

All analyses were performed using R (version 4.3.0), and a p-value of <0.05 was considered statistically significant.





3 Results



3.1 Participant characteristics

Patient demographics and clinical characteristics are listed in Table 1. Of the 964 patients with acute aortic dissection (AAD) enrolled, 478 were diagnosed with TAAAD and 486 with TBAAD. The average age of the cohort was 58 years, with a noticeable male preponderance. When examining medical histories, hypertension was prominently present in 76% of the cohort. There were no statistically significant differences between the TAAAD and TBAAD subgroups in relation to hypertension, diabetes mellitus, atrial fibrillation, or coronary artery disease. However, therapeutic interventions showed a significant disparity between the TBAAD and TAAAD subgroups, particularly regarding the incidence of surgical or endovascular stent-graft procedures. Medication use was also markedly elevated in the TBAAD subgroup. Distinct differences between the subgroups emerged in various laboratory indices. A significant difference in smoking prevalence was observed between the TBAAD and TAAAD groups, as well.


Table 1 | Patient demographics and clinical characteristics.






3.2 Thyroid hormone levels, MACEs and in-hospital mortality in AAD patients

The relationship between thyroid hormone levels and the incidence of MACEs as well as in-hospital mortality in patients with AAD was assessed. Initially, unadjusted RCS were employed for visual representation of these associations. As illustrated in Figure 2, a progressive escalation in the incidence rates of both MACEs and in-hospital mortality was discernible with incremental elevations in serum FT4 concentrations. In contrast, higher serum FT3 levels showed an inverse association. Notably, the FT3/FT4 ratio displayed an S-shaped non-linear correlation with adverse prognostic outcomes in AAD patients. The curve was characterized by a more gradual change at its extremities, contrasting with the significant decline observed in the mid-range, especially between the 0.25 and 0.45 values.




Figure 2 | Association between FT3, FT4, and the FT3/FT4 ratio with outcomes in all AAD patients. (A) Association of FT3 with MACEs. (B) Association of FT4 with MACEs. (C) Association of the FT3/FT4 ratio with MACEs. (D) Association of FT3 with in-hospital mortality. (E) Association of FT4 with in-hospital mortality. (F) Association of the FT3/FT4 ratio with in-hospital mortality.



After adjusting for confounding variables, as shown in Table 2, each SD increase in the FT3/FT4 ratio corresponded to a 20.2% decrease in the risk of MACEs (OR, 0.798; 95% CI, 0.637–0.999). Conversely, each SD increase in FT4 level was associated with a 31.9% increased risk for MACEs (OR 1.319; 95% CI, 1.098–1.584). The association between FT3 and MACEs became insignificant after further multivariable adjustments. This implies that the FT3/FT4 ratio may be a more accurate representation of thyroid hormone metabolic variations linked to MACEs in AAD patients than FT3 or FT4 alone. For in-hospital mortality, both FT3 and the FT3/FT4 ratio showed inverse relationships in univariate analyses. However, these associations were not significant in multivariable models. FT4 consistently correlated positively with in-hospital mortality after adjusting for all confounding variables.


Table 2 | Odds ratios for MACEs and in-hospital mortality associated with FT3, FT4, and FT3/FT4 levels (per SD increase) in AAD patients.






3.3 Interplay between thyroid hormone levels and subtypes of AAD: a stratified analysis based on Stanford classification

Patients were categorized into Stanford Type A and Type B subgroups, with separate analyses conducted for each. The pertinent statistical outcomes are presented in Tables 3 and 4.


Table 3 | Odds ratios for MACEs and in-hospital mortality associated with FT3, FT4, and FT3/FT4 levels (per SD increase) in TAAAD patients.




Table 4 | Odds ratios for MACEs and in-hospital mortality associated with FT3, FT4, and FT3/FT4 levels (per SD increase) in TBAAD patients.



In the analysis of TAAAD patients, our data demonstrated a consistent association, mirroring the observations made in the overall AAD cohort. Specifically, with each increase of one SD in the FT3/FT4 ratio, we identified a 31.3% reduction in risk of MACEs (OR: 0.687; 95% CI: 0.512–0.921). Conversely, an increase in FT4 level was significantly correlated with an elevated risk of adverse outcomes. Each SD increment in FT4 was associated with a 45.7% increase in risk of MACEs (OR: 1.457; 95% CI: 1.115–1.904) and a 52.1% increase in in-hospital mortality risk (OR: 1.521; 95% CI: 1.142–2.026). However, these observed relationships were conspicuously absent in the TBAAD cohort.

This detailed observation underscores the complex relationship between thyroid hormone levels and acute aortic dissection, and suggests that the nature of this relationship may vary among different AAD subtypes.




3.4 Linear relationship between FT4, FT3/FT4 ratio and MACEs in TAAAD patients

In the subgroup analysis, we observed a significant association between FT4 levels and the FT3/FT4 ratio (per 1 SD increase) with the occurrence of MACEs in TAAAD patients. Then, we employed a RCS model to evaluate the potential non-linear relationships. The RCS model for FT4 (Figure 3A, nonlinearity P-value = 0.2) and the RCS model for the FT3/FT4 ratio (Figure 3B, nonlinearity P-value = 0.2) both indicated no significant nonlinear relationships.




Figure 3 | The relationship between FT4, FT3/FT4 ratio and MACEs in TAAAD patients. (A) illustrates the relationship between FT4 levels and MACEs, (B) delineates the relationship between the FT3/FT4 ratio and MACEs. Odds ratios are indicated by solid lines and 95% CIs by shaded areas.






3.5 Mediating roles of renal function and coagulation in MACEs

Logistic regression analyses have revealed a robust impact of FT4 and FT3/FT4 ratio on MACEs in TAAAD patients. Given these findings, we examined the mediating roles of biomarkers, including BUN, Cr, CysC, eGFR, PT, PTR, and PTINR, in the adverse effects of FT4 and the FT3/FT4 ratio on MACEs in TAAAD patients. Table 5 demonstrates that BUN, Cr, CysC, eGFR, PTR, PT, and PTINR serve as partial mediators in the relationship between the FT3/FT4 ratio and the incidence of MACEs. Among these, CysC stands out with the most pronounced mediating proportion, constituting 30.5%. Conversely, FT4 predominantly mediates its effect by influencing coagulation function indicators.


Table 5 | Mediating roles of FT3/FT4 and FT4 in MACEs occurrence in TAAAD.






3.6 Multivariable mediation effects on the association between FT3/FT4 ratios and MACEs

The above results show that the FT3/FT4 ratio, through mediation by renal function markers and coagulation profiles, impacts the incidence of MACEs in TAAAD patients. To enhance the precision of these findings, we advanced to a multivariate parallel mediation model, incorporating CysC and PTINR—mediators with significant effect sizes in the initial analysis—to formulate a multiple mediator model without assuming inter-mediator interactions. Figure 4 presents the mediation model parameters in TAAAD patients with the FT3/FT4 ratio as the predictor, CysC and PTINR as the mediators, and MACEs as the outcome, adjusting for sex, age, hypertension, diabetes, and surgery. The model corroborates the findings from the simple mediation analysis. The results substantiate the mediating roles of CysC and PTINR in the association between the FT3/FT4 ratio and MACEs, with a notably stronger mediating effect by CysC (mediating proportion 29.5%).




Figure 4 | Mediation effects of CysC and PTINR on the FT3/FT4 ratio-MACEs association in TAAAD patients. a, b, c, and c’ are standardized regression coefficients; c=total effect; c’=direct effect; Ind=indirect effect. ** p <.01, *** p <.001.







4 Discussion

The primary findings of our study indicate that FT4 levels and FT3/FT4 ratios are associated with MACEs and in-hospital mortality in AAD patients. Elevated FT4 levels increase the risk of MACEs and all-cause mortality, whereas a higher FT3/FT4 ratio is associated with reduced risk of MACEs. This association was particularly pronounced in TAAAD patients. Mediating analysis suggested that both renal function and coagulation acted as intermediaries in the relationship between the FT3/FT4 ratio and MACEs, with renal function playing a more significant role. Conversely, FT4 predominantly influenced MACEs indirectly through its impact on coagulation. These findings offer a new perspective on the role of thyroid function in determining the prognosis of aortic dissection patients.

Thyroid hormones exert direct effects on the cardiovascular system. They manifest direct genomic actions on cardiomyocytes, modulating the expression of target genes, and also exhibit non-genomic effects on ion channels within cardiomyocyte membranes (4). Even subtle variations in thyroid hormone concentrations can perturb cardiovascular physiology, leading to manifestations such as endothelial dysfunction, alterations in blood pressure, myocardial dysfunction, and lipid anomalies (3). Extensive literature underscores the nexus between thyroid hormones and progression of cardiovascular ailments, such as the independent predictive value of hypothyroidism or low T3 syndrome for cardiovascular adverse events and/or death in AMI patients (5, 32), the relationship between thyroid function and risk of atrial fibrillation and stroke (33), and the relationship between thyroid function and incidence and mortality of atherosclerotic cardiovascular disease (34).

Our study finds that high levels of FT4 and low FT3/FT4 ratios are associated with a high incidence of MACE in TAAAD patients. This association is likely due to reduced peripheral conversion of FT4 into FT3, suggesting the possible presence of low T3 syndrome in these patients. Low T3 syndrome reflects a state of non-thyroidal illness, where reduced levels of T3 are an adaptive response to acute illness but may also contribute to adverse outcomes (35, 36). It would be interesting to assess the role of low T3 syndrome in AAD patients, explore the underlying mechanisms, and consider its potential as a therapeutic target. Future studies should focus on these aspects to better understand and manage the condition.

We find that thyroid hormones can induce alterations in both renal function and coagulation. This is reflected by altered levels of CysC, BUN, Cr, and various coagulation parameters, such as PT and PTINR, ultimately impacting the prognosis of AAD patients. Such findings align with existing research. For instance, studies have reported the influence of FT3 levels on postoperative acute renal failure in aortic dissection patients (13), suggesting that thyroid function may play a role in AAD patient mortality through renal impairment.

The mechanisms behind this effect are multifaceted. Thyroid hormones are known to impact renal function through various mechanisms, including affecting renal blood flow, the RAS system in the kidneys, renal tubular ion transport, and glomerular filtration rate (37). Studies have found that higher FT4 levels are associated with risk of chronic kidney disease (CKD) and a rapid decline in eGFR (38). Conversely, higher FT3 levels are associated with a decrease in all-cause mortality and renal function indicators (39). A low FT3/FT4 ratio is associated with an increased mortality rate and worsening prognosis in CKD patients (40), and this ratio also associates with the risk of diabetic nephropathy (41). These renal abnormalities can severely impact AAD patients, increasing risks of in-hospital mortality, stroke, and renal failure (42, 43).

Furthermore, both in vitro and clinical studies confirm that thyroid hormones, particularly free hormones such as FT4, significantly influence coagulation functions. Elevated levels of FT4 are associated with an augmented risk of thrombosis, indicative of a heightened likelihood of thromboembolic diseases (44–46), and thyroid hormones regulate coagulation processes through various mechanisms. For instance, 3,5,3’-triiodothyronine (T3) interacts with nuclear thyroid hormone receptors, affecting the synthesis and secretion of coagulation factors, vascular endothelial functions, platelet activity, and the fibrinolytic system (47). Beyond genomic actions, recent findings have highlighted that nongenomic mechanisms, initiated at the L-thyroxine (T4) receptor on platelet integrin αvβ3, also exhibit prothrombotic properties. These T4-induced mechanisms entail platelet activation and the production of cytokines and chemokines, such as CX3CL1, with procoagulant activities. Abnormal coagulation further elevates the risk of adverse outcomes in AAD patients (20, 48).

While it is theoretically plausible that thyroid hormones could affect AAD patient prognosis, literature on this topic is sparse. The phenomenon of ‘over-adjustment’ in statistical models (49), where mediating variables might dilute or obscure the effect of the independent variable, is one possible factor among others that could contribute to the limited reports in the literature. Thus, when analyzing thyroid hormone impact on AAD prognosis, it is crucial to avoid including these mediating variables as corrective covariates.

Although our study provides insightful findings, it has some limitations. Firstly, due to its observational nature, we cannot assert causality between thyroid hormone levels and clinical outcomes in AAD patients. Longitudinal studies or randomized controlled trials would be more definitive in this regard. Secondly, our analysis was based on single-time measurements of thyroid hormone levels, renal function, and coagulation. Future studies might benefit from multiple measurements over time to account for potential fluctuations in these parameters. Thirdly, although we adjusted for a wide range of confounding factors, there might be other unmeasured variables that could have influenced our results. For instance, vascular calcification and atherosclerosis have been reported as independent risk factors for MACEs in aneurysm patients (50–54); the presence of a bicuspid aortic valve (55), a family history of aortic dissection or other aortic pathologies (56), and patient compliance data (57) could also influence prognosis. However, our study did not collect data on these factors. Future research should consider incorporating these factors to better understand their impact on the prognosis of AAD patients. Lastly, the findings from our single-center study may not be generalizable to other settings. Multicenter studies would help to validate our results and enhance their applicability to a broader population.

Nevertheless, our findings hold significant theoretical and practical value. They propose potential pathways through which thyroid hormones may influence AAD prognosis via renal and coagulation functions. This insight not only enhances our understanding of aortic dissection prognosis, but also suggests new biological mechanisms, aiding in risk stratification and personalized treatment for AAD patients. However, it is imperative to note that while our findings indicate a significant association, causative relationships should be interpreted with caution given the inherent limitations of observational research.




5 Conclusion

FT4 and the FT3/FT4 ratio are independent predictors of MACEs in AAD patients. The findings are especially relevant for TAAAD patients. Renal and coagulation functions serve as mediators in these associations. Our results underscore the importance of considering the FT3/FT4 ratio alongside FT4 in the prognostic evaluation of AAD patients.
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Laboratory data

CK (U/L) 94.9 (58.49, 170.00) [ 107.8 (65.61, 200.74) 84.5 (55.00, 142.04) <0.001
CKMB (U/L) 13.0 (10.06, 19.00) 14.0 (10.85, 23.14) 12.1 (10.00, 16.00) <0.001
AST (U/L) 22.0 (17.00, 35.67) 26.0 (18.97, 57.22) 20.0 (16.00, 26.00) <0.001
ALT (U/L) 19.0 (13.00, 32.35) 22.0 (14.10, 40.67) 17.0 (12.00, 26.00) <0.001
TP (g/L) 64.6 (60.78, 68.11) 64.1 (60.13, 67.50) 65.2 (61.70, 68.99) <0.001
ALB (g/L) 36.5 (33.80, 39.02) 36.4 (33.64, 38.63) 36.7 (33.89, 39.24) 0.190
FBG (mmol/L) 6.9 (5.88, 8.35) 7.2 (6.17, 8.90) 6.6 (5.59,7.58) <0.001
BUN (mmol/L) 7.2 (571, 9.72) 7.8 (6.23, 10.35) 6.7 (5.18, 9.00) <0.001
Cr (umol/L) 112.0 (89.57, 146.05) 117.8 (94.73, 155.75) 107.0 (86.42, 136.71) <0.001
CysC (mg/L) 1.0 (081, 1.45) 1.0 (0.81, 1.51) 1.0 (0.82, 1.34) 0201
eGFR(mL/min/1.73 m?) 585 (43.12,77.21) 55.3 (38.60, 70.40) 62.8 (47.00, 80.70) <0.001
UA (umol/L) 422.0 (333.00, 505.80) 445.7 (348.86, 520.60) 408.9 (323.73, 496.00) 0.002
Chol (mmol/L) 45 (3.89, 5.12) 4.5 (3.82,5.07) 45 (391, 5.19) 0.078
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FT3/FT4 0.4 (031, 0.43) 0.3 (0.29, 0.41) 0.4 (0.32, 0.44) <0.001
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ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; Chol, cholesterol; CK, creatine kinase; CKMB, creatine kinase-MB; Cr, creatinine;
CysC, cystatin C; eGFR: estimated glomerular filtration rate; FBG, fasting blood glucose; Fib, fibrinogen; FT3, free triiodothyronine; FT3/FT4, ratio of free triiodothyronine to free thyroxine; FT4,
free thyroxine; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LY, lymphocyte count; PT, prothrombin time; PTINR, prothrombin time international normalized ratio; PTR,
prothrombin time ratio; TP, total protein; TRIG, triglycerides; TSH, thyroid-stimulating hormone; UA, uric acid; WBC, white blood cell count.
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-0.20556) -0.01296) -0.10874)
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Covariates in the models were age, gender, hypertension, diabetes, and surgical intervention.
BUN, Blood Urea Nitrogen; Cr, Creatinine; CysC, Cystatin C; PTR, Prothrombin Ratio; eGFR, Estimated Glomerular Filtration Rate; PT, Prothrombin Time; PTINR, Prothrombin Time
International Normalized Ratio; MACEs, Major Adverse Cardiovascular Events; TAAAD, Type A Acute Aortic Dissection.
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