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Background: Acute type A aortic dissection (ATAAD) is a rare, life-threatening condition affecting the aorta. This study explores the relationship between the level of admission D-dimer, which was assessed during the first 2 h from admission, and in-hospital major adverse events (MAE) with ATAAD.

Methods: A total of 470 patients with enhanced computed tomography (CT) confirmed diagnosis of ATAAD who underwent operation treatment in Guangdong Provincial People's hospital between September 2017 and June 2021 were enrolled in the present study. The X-tile program was used to determine the optimal D-dimer thresholds for risk. Restricted cubic spline (RSC) was performed to assess the association between D-dimer and endpoint. The perioperative data were compared between the two groups, univariate and multivariate analyses were used to investigate the risk factors of major adverse events (in-hospital mortality, gastrointestinal bleeding, paraplegia, acute kidney failure, reopen the chest, low cardiac output syndrome, cerebrovascular accident, respiratory insufficiency, MODS, gastrointestinal bleeding, and severe infection).

Results: Among 470 patients, 151 (32.1%) had MAE. In-hospital mortality was 7.44%. The patients with D-dimer >14,500 ng/ml were more likely to present with acute kidney failure, low cardiac output, cerebrovascular accident, multiple organ dysfunction syndromes (MODS), gastrointestinal bleeding, and severe infection. D-dimer level was an independent risk factor for acute kidney failure (OR 2.09, 95% CI: 1.25–3.51, p = 0.005), MODS (OR 6.40, 95% CI: 1.23–33.39, p = 0.028), gastrointestinal bleeding (OR 17.76, 95% CI: 1.99–158.78, p = 0.010) and mortality (OR 3.17, 95% CI: 1.32–7.63, p = 0.010). Multivariate regression analysis of adverse events also suggested that D-dimer >14,500 ng/ml (OR 1.68, 95% CI: 1.09–2.61, p = 0.020) was the independent risk factor of major adverse events.

Conclusions: Increasing D-dimer levels were independently associated with the in-hospital MAE and thus can be used as a useful prognostic biomarker before the surgery.
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INTRODUCTION

According to the Stanford system, dissections involving the ascending aorta are classified as type A, whereas those involving only the descending aorta are classified as type B (1). Acute type A aortic dissection (ATAAD) is a fatal condition with rapid onset and high mortality. The dissection of the aorta allows blood to flow between the layers of the aortic wall, forcing the layers to apart (2). ATAAD accounts for 58–62% of aortic diseases (1). It has been reported that the mortality rates among ATAAD patients who do not receive surgical treatment can reach 30% within 48 h (3). The German aortic dissection study showed that the mortality rate of 2,137 patients within 30 days was 16.9% (4). Although great advances have been made in the level of perioperative care management and surgical technique, there are still many complications, such as death, gastrointestinal bleeding, and paraplegia, which adversely affect the survival of ATAAD patients. Therefore, rapid diagnosis and emergency surgical treatment are crucial for patients.

D-dimer is the breakdown fragment of fibrin and a biomarker of the synthesis of the balance between coagulation and fibrinolysis (5). It is broadly used for the diagnosis of pulmonary embolism and deep vein thrombosis (6). Moreover, previous studies have shown that D-dimer levels are elevated in ATAAD (7, 8). Yet, it remains unclear whether D-dimer could be used as a risk indicator to evaluate in-hospital major adverse events. Consequently, this study was designed to explore the relationship between D-dimer and major adverse events in ATAAD patients.



MATERIALS AND METHODS


Study Setting

Between September 2017 and June 2021, a series of consecutive ATAAD patients underwent emergency surgery. The inclusion criteria for patients in this study were as follows: (1) diagnosis confirmed by CT angiography; (2) ATAAD defined as a dissection that is diagnosed within 14 days after onset of symptoms (9); (3) age >18 years; and (4) D-dimer levels assessed during the first 2 h from admission. Data were collected from the hospital's electronic medical record system. This study has been reviewed by the Ethics Committee of Guangdong Provincial People's Hospital.



Data Collection

Demographic variables included age, sex, smoking status, drinking status, and body mass index (BMI). Medical history included hypertension, diabetes, bicuspid aortic valve (BAV), Marfan syndrome (MFS), known coronary artery disease (CAD), and previous cardiovascular surgery.

Laboratory exams, performed after admission and before the emergency surgery, included white blood cell count, neutrophil ratio, platelet count, and D-dimer count. D-dimer was measured in our center laboratory by using immunoturbidimetric assay (Diagnostica Stago). The normal upper limit for the D-dimer assay was 500 ng/mL, and the upper detection limit was 20,000 ng/ml.



Study Endpoints

The major adverse events (MAE) were classified according to the consensus statement from the International Aortic Arch Surgery Study Group (10), including in-hospital mortality, gastrointestinal bleeding, paraplegia, acute kidney failure, reopen the chest, low cardiac output syndrome, cerebrovascular accident, respiratory insufficiency, MODS, gastrointestinal bleeding, and severe infection. Acute kidney failure was defined as serum creatinine increased by >3 times the baseline values, glomerular filtration rate decreased by >75%, or requiring temporary hemodialysis support for the resolution. Low cardiac output syndrome was defined as large doses of vasoactive drugs with signs of hypoperfusion of tissues, requiring intra-aortic balloon pump insertion or requiring extracorporeal membrane oxygenation support. Respiratory insufficiency was defined as pneumonia, atelectasis, acute respiratory distress syndrome, or a tracheostomy.



Statistical Analyses

The optimal cut-off point for the D-dimer level was determined by the X-tile (version 3.6.1; Rimm Lab; Yale School of Medicine) (11), and find the optimal cut-off thresholds of D-dimer to differentiate patients into high and low risk groups. Continuous variables are presented as the mean ± standard deviation and median (interquartile range) and compared using Student's t-test and Mann-Whitney U-test. Categorical variables are presented as frequency rates and percentages and compared by χ2 tests. Kaplan-Meier method was used to construct the survival curve. Receiver operating characteristics (ROC) curves were constructed for predicting the value of D-dimer, and the area under the curve (AUC) was calculated. Logistic regression models were used to estimate the odds of the study endpoints and identify the independent factors associated with in-hospital MAE. Results of the logistic regression are presented as odds ratios (ORs). Restricted cubic spline (RCS) can assess and visualize the relationship between an independent variable and a dependent variable. We used RCS with fourth knots at the 5th, 35th, 65th, and 95th centiles to flexibly model at relationships of admission D-dimer with in-hospital mortality. Statistical significance was set as a two-sided P < 0.05. Stata 17.0 was used for statistical analysis and R software was used for RCS.




RESULTS


Patient Characteristics

Among 479 consecutive patients with ATAAD, 9 patients had no D-dimer test and were excluded. All the patients were Asian and most were operated on within 4 days after admission. Patients were divided into two subgroups by using X-tile software: group 1 was composed of patients with preoperative levels of D-dimer ≤ 14,500 ng/ml (n = 273, 58.09%), and group 2 was composed of patients with preoperative levels of D-dimer >14,500 ng/ml (n = 197,41.91%). The mean age of included patients was 51.86 ± 10.76 years, and 87.26% of the patients were male (Table 1).


Table 1. Patient characteristics.

[image: Table 1]

Compared with group1 patients (D-dimer ≤ 14,500 ng/ml), group 2 patients (D-dimer >14,500 ng/ml) were older (p < 0.001), and their preoperative left ventricular end diastolic diameter were larger (p < 0.001). Group2 patients had higher levels of preoperative white blood cell count (p < 0.001) and platelet count (p < 0.001). Group2 patients had longer cardiopulmonary bypass time (p < 0.001). In terms of coronary artery bypass graft (p = 0.014), and total arch replacement (p = 0.001) were also more commonly found in group2 patients. However, the history of cardiovascular surgery (p < 0.001), BAV (p = 0.039), and MFS (p = 0.010) were more commonly found in patients with D-dimer ≤ 10,120 ng/ml. There were no statistically significant differences in other variables (Table 1).



D-Dimer and All Adverse Events

In all patients, 89 (18.94%) patients had acute kidney failure; 35 (7.44%) patients died; 28 (5.96%) patients had respiratory insufficiency; 27 (5.74%) patients had the cerebrovascular accident; 25 (5.32%) patients had low cardiac output syndrome; 19 (4.04%) patients had paraplegia; 15 (3.19%) patients had severe infection; 12 (2.55%) patients had MODS; 11 (2.34%) patients had gastrointestinal bleeding; and 7 (1.49%) patients needed to reopen the chest.

There were no significant differences between the two groups in paraplegia, reopen the chest and respiratory insufficiency. Group2 patients were more likely to present with acute kidney failure (27.92 vs.12.45%, p < 0.001), low cardiac output (8.63 vs. 2.93%, p = 0.007), cerebrovascular accident (8.63 vs. 2.93%, p = 0.007), multiple organ dysfunction syndrome (MODS) (5.08 vs. 0.73%, p = 0.003), gastrointestinal bleeding (5.08 vs. 0.37%, p = 0.001), and severe infection (5.58 vs.1.47%, p < 0.001) (Table 2). Unadjusted analysis showed that D-dimer level >14,500 ng/ml was associated with increased mortality and incidences of MAE. After adjustment, D-dimer level was an independent risk factor for acute kidney failure (OR 2.09, 95% CI: 1.25–3.51, p = 0.005), MODS (OR 6.40, 95% CI: 1.23–33.39, p = 0.028), gastrointestinal bleeding (OR 17.76, 95% CI: 1.99–158.78, p = 0.010) and mortality (OR 3.17, 95% CI: 1.32–7.63, p = 0.010) (Table 3).


Table 2. In-hospital MAE patients with ATAAD.

[image: Table 2]


Table 3. Odds radio by D-dimer levels for MAE.
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D-Dimer and Mortality

The in-hospital mortality rate was 7.44%. As shown in Table 2, the group2 patients had a higher in-hospital mortality rate (13.20 vs. 3.30%, p < 0.001). Our finds showed an independent association between D-dimer levels and mortality (OR 3.17, 95% CI: 1.32–7.63, p = 0.010). As shown in Figure 1, there were significant differences in the cumulative probability of the overall survival between the two groups. The RCS analysis showed that the risk of in-hospital mortality was flat until 10,000 ng/ml of D-dimer and then started to increase quickly (Figure 2).


[image: Figure 1]
FIGURE 1. Kaplan-Meier survival curve analyses for the in-hospital mortality according to low and high levels of D-dimer.
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FIGURE 2. Continuous odds ratio across D-dimer levels for mortality according to restricted cubic spline.




Risk Factors for MAE

151 (32.13%) patients had in-hospital MAE. Group2 patients were more likely to have in-hospital MAE (43.15 vs. 24.18%, p < 0.001) than group1 patients. Univariate and multivariate analyses for MAE were presented in Table 4. Univariate logistic regression showed that age, hypertension, white blood cell count, the D-dimer levels >14,500 ng/ml, CPB time, ACC time, and CABG were the risk indicators for MAE. Multivariate logistic regression model, which included age, hypertension, white blood cell count, D-dimer, CPB time, ACC time, and CABG, was then created and showed that the D-dimer > 14,500 ng/ml (OR 1.68, 95% CI 1.09–2.61, p = 0.020), hypertension (OR 1.75, 95% CI 1.08–2.83, p = 0.022) and CPB time (OR 1.01, 95% CI 1.00–1.01, p = 0.045) were significantly associated with a higher risk of MAE.


Table 4. Univariate and multivariate analysis for MAE in patients with ATAAD.
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The ROC curve for the model was illustrated in Figure 3 (AUC = 0.7003, p < 0.001). And the nomogram for the model to assess the risk of MAE was illustrated in Figure 4.


[image: Figure 3]
FIGURE 3. Predict for MAE.



[image: Figure 4]
FIGURE 4. Nomogram for MAE.





DISCUSSION

The D-dimer is very sensitive to intravascular thrombus and may be markedly elevated in disseminated intravascular coagulation, acute aortic dissection, and pulmonary embolism (12). In the past years, many studies have shown that there is a certain relationship between D-dimer and AD. The IRAD-Bio study (13) identified D-dimer should suggest being useful as a rule-out diagnostic tool and individualize patients within 24 h after onset. Ohlmann et al. (8) found patients with acute chest pain and elevated D-dimer level should consider a diagnosis of AD. Fan et al. (14) revealed that D-dimer could be used as a potential biomarker for suspected patients with ATAAD. Therefore, the D-dimer test is more and more widely used in the diagnosis of ATAAD despite not being very specific.

Our study has shown that D-dimer 14,500 ng/ml was an independent risk factor for major adverse events. The X-tile, which can present a tool for assessment of relationships between a biomarker and outcome and the discovery of population cut-points based on biomarker expression, helps us to effectively differentiate the levels of D-dimer into low and high risks, which could have the potential to prompt for more tailored risk treatment. Our findings improve the understanding of major adverse events in ATAAD, increase clinical vigilance, help to assist clinical decision and treat strategy.

Different countries have different lifestyles and most international research included patients from developed countries with better health systems that could not reflect the real condition in China. The age of the patients (51.86 ± 10.76) in our study was younger compared with the age of patients (60.6 ± 14.8) in the International Registry of Acute Aortic Dissection Substudy on Biomarkers (IRAD-Bio study) (13) and the patients (60.5 ± 13.6) in the German Registry for Acute Aortic Dissection Type A (GERAADA) (4). More young people had an aortic dissection in China than in Western countries that need to pay attention to. Compared with results from other studies, more patients were male (84.26%) in our study. One of the reasons may be that the prevalence of tobacco use in Chinese men is one of the highest in the world (15). Smoking increases the risk of cardiovascular disease, and smoking-related mortality is increasing in China. Compared with the smoking rate in the general Chinese population (33.5%) (16), the smoking rate was similar (34.26%) in our study.

The IRAD-Bio study (13) found that patients in type B aortic dissection (3,213 ± 1,465 ng/ml) had lower levels of D-dimer compared with patients in type A aortic dissection (3,574 ± 1,430 ng/ml), which indicated that D-dimer would be affected by different types of dissection.

In our study, the in-hospital mortality rate was 7.44%; therefore, the emergence of surgical treatment is of vital importance for saving people's lives. For patients with D-dimer ≤14,500 ng/ml, the in-hospital mortality was 3.30%; for patients with D-dimer > 14,500 ng/ml, the in-hospital mortality was 13.20%. Patients with D-dimer >14,500 ng/ml had a higher risk of death. The survival curve and RCS clearly showed that the in-hospital mortality rate with elevated D-dimer levels was higher. Previous studies found a correlation between the risk of death and D-dimer levels, which was further confirmed in our study. Ohlmann et al. (8) found that D-dimer >5,200 ng/ml is related to mortality, while Weber et al. (7) found that D-dimer can be an independent indicator of mortality in ATAAD patients. Therefore, there was a positive link between D-dimer levels and in-hospital mortality rate.

In addition, our finds also indicated that elevated D-dimer levels were related to acute kidney failure, severe infection, and gastrointestinal bleeding. The elevated D-dimer patients had a significant relationship with acute kidney failure. Acute kidney failure is a common complication following ATAAD surgery. Patients who developed acute kidney failure were more likely to present with a dissection involving the ascending and descending aorta and more commonly presented with cardiac tamponade (17). Gastrointestinal bleeding is an uncommon complication in ATAAD, leading to a high mortality rate (18). In our study, 12 patients suffered from gastrointestinal bleeding, and eight patients died. D-dimer levels were positively associated with gastrointestinal blooding. Accordingly, patients should undergo conventional stool examination after surgery to early discovery and significantly reduce their mortality rate.

Logistic regression also showed that CPB duration and hypertension were associated with MAE. Some previous studies (19–21) have illustrated that longer CPB time was associated with a greater possibility of suffering from MAE (OR = 1.01), which was similar to our results. Hypertension was not only one of the most important risk factors for ATAAD (1, 22), but it also resulted as the main risk factor for MAE in the present study. High blood pressure would damage blood vessels and do harm to our health. Therefore, good control of blood pressure is extremely important for health. In addition, there were significant differences in the known history of cardiovascular surgery that were more common among patients with decreased D-dimer. The reason is unclear. Maybe the patients with a known history of cardiovascular surgery in group1 received more follow-up over time and therefore may take less time to arrive at the hospitalization than the patients in group2. More patients with a known history of cardiovascular surgery have taken antithrombotic therapy in the past. Antiplatelet can inhibit the adhesion and aggregation function of platelet, thus producing antithrombotic effects. Anticoagulant can inhibit thrombin so that they inhibit fibrinogen from transforming into fibrin. As we all know, D-dimer is a degradation product of fibrin (5). Therefore, antithrombotic therapy leads to the decrease of D-dimer levels. The D-dimer level reflects the disordered condition of coagulation.

The study has some limitations. First, it is a retrospective observational study that enrolled patients in a single center. Consequently, there might be some admission bias, and future prospective studies are needed to confirm the role of D-dimer further. Next, the study only focused on the admission D-dimer levels, whether postoperative D-dimer is a meaningful marker that needs further investigation. And the data about anticoagulants is not available in our research. Greater sample size, more D-dimer subgroups, more complete data, and longer follow-up time are needed to further verify reported findings.



CONCLUSION

Early evaluation of d- dimer after admission seems to represent a useful, rapid, and cheap prognostic biomarker, which can individualize ATAAD patients with high mortality and MAE risk. D-dimer may be used as a complementary tool for the diagnostic, that can help decision and treatment making.
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