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Background and Aims: Patients with decreased liver function suffer from poor outcomes when undergoing procedures. We aimed to explore the impact of liver fibrosis identified by aspartate transaminase-to-platelet ratio index (APRI) and poor liver functional reserve assessed by a model of end-stage liver disease (MELD) and albumin–bilirubin(ALBI) score on the prognosis of patients with type B aortic dissection (TBAD) undergoing thoracic endovascular aortic repair (TEVAR).

Methods: A retrospective analysis of a prospectively maintained database from 2010 to 2017 was performed. APRI > 0.5 was used to identify those with significant liver fibrosis. Logistic and Cox regression analyses were performed to investigate the association between liver fibrosis, MELD, and ALBI with adverse events.

Results: TEVAR was performed on 812 TBAD patients including 35 with liver fibrosis and 777 without. Twenty-four (3.0%) patients deceased during hospitalization and 69 (8.8%) patients died after a median 48.2 months follow-up. Multivariable analysis revealed that liver fibrosis, MELD, and ALBI were independently associated with in-hospital [fibrosis: odds ratio (OR) 23.73, 95% confidence interval (CI) 8.89–63.33, P < 0.001; MELD: OR 1.08, 95% CI 1.03–1.14, P = 0.003; ALBI: OR 4.45; 95% CI 1.56–12.67, P = 0.005] and follow-up mortality [fibrosis: hazard ratio (HR) 4.69, 95% CI 1.93–11.42, P = 0.001; MELD: HR 1.07, 95% CI 1.04–1.10, P < 0.001; ALBI: HR 2.88, 95% CI 1.53–5.43, P = 0.001]. The association was further corroborated by a subgroup analysis.

Conclusion: Liver fibrosis and poor liver functional reserve could significantly increase the morbidity and mortality after TEVAR. APRI, MELD, and ALBI should be calculated and routinely used for preoperative risk stratification. Strict preoperative preparation and elaborate postoperative care are necessary to improve these patients’ prognosis.
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INTRODUCTION

Type B aortic dissection (TBAD) is a catastrophic cardiovascular disease with high morbidity and mortality (1). Thoracic endovascular aortic repair (TEVAR) is considered as a therapeutic approach for TBAD with promising results. However, the early and late postoperative mortality remain high, especially for patients with multiple comorbidities (2). For early identification of patients at high risk, an accurate prognostic evaluation is critical for physicians and patients.

Poor liver function has been demonstrated to be an important prognostic risk factor for patients undergoing cardio-thoracic surgery (3–6). Notably, cardiovascular surgery is associated with greater mortality in patients with liver dysfunction than most other surgical procedures (7). Some researchers considered that the outcomes were acceptable to perform endovascular procedures in patients with liver disease, while others thought that patients with extremely poor liver function might not be suitable for endovascular therapy due to an increased risk of severe coagulation disorders (4–6). Therefore, a careful evaluation of the degree of preoperative liver function in order to stratify patients before TEVAR may optimize patient management and improve prognosis. However, research examining the impact of liver fibrosis and decreased liver functional reserve in patients with TBAD undergoing TEVAR is scarce.

The model of end-stage liver disease (MELD) and the aspartate transaminase–platelet ratio index (APRI) are recommended by the World Health Organization (WHO) as effective tools to evaluate the presence and severity of liver disease (8, 9). Recently, the albumin–bilirubin (ALBI) score, which is introduced to assess liver functional reserve in cirrhosis and hepatocellular carcinoma, showed appropriate or better capacity to evaluate liver functional reserve than the Child–Pugh classification does (10). In addition, MELD and ALBI reflect dynamic changes in liver function, which more correspond to the fact that the degree of liver functional reserve in patients requiring intervention might vary from mildly deteriorated liver function to late stage of hepatic damage (11, 12). Nevertheless, these widely used prognostic scoring systems have not been applied for patients with TBAD undergoing TEVAR.

Thus, we hypothesize that liver fibrosis and liver functional reserve could indicate the prognosis of TBAD patients undergoing TEVAR. Consequently, the goal of this study is to evaluate the impact of liver fibrosis identified by APRI and liver functional reserve assessed by MELD and ALBI in patients with TBAD undergoing TEVAR.



METHODS


Study Population

Between January 2010 and December 2017, all patients with acute or subacute TBAD who underwent TEVAR procedures at our hospital were eligible for inclusion in this analysis. Patients meeting the following criteria were excluded: (1) blunt traumatic thoracic aortic injury, (2) malignant tumor, (3) connective tissue disease, (4) previous aortic intervention, and (5) inadequate data (Figure 1). All patients received computed tomography angiography (CTA) and were evaluated by an interdisciplinary board composed of cardiologists, endovascular surgeons, cardiovascular surgeons, and radiologists. The maximum outer-to-outer diameter of the aorta, the extent of the dissection, and false lumen status were evaluated by a dedicated Aquarius iNtuition software (TeraRecon, San Mateo, CA, USA). This study was approved by the ethics committee of Guangdong Provincial People’s Hospital (#201807). There was no need for informed consent due to the retrospective nature of the analysis.


[image: Figure 1]
FIGURE 1. Flow chart demonstrating the inclusion of patients in the study. TBAD, type B aortic dissection; TEVAR, thoracic endovascular aortic repair.




Procedures

Indications for TEVAR in patients with complicated TBAD were consistent with the European Society of Cardiology (ESC) 2014 guidelines (1). Patients with uncomplicated TBAD underwent TEVAR when the true lumen was severely compressed or the false lumen was >22 mm (13). The details of the procedure at our hospital have been previously described (13). Briefly, the procedures were performed with appropriate anatomy in a cardiac catheterization room. All stent grafts were deployed retrogradely via a percutaneous femoral artery access to obliterate the proximal entry tear. The left subclavian arteries were covered when necessary to obtain 1.5–2 cm proximal landing zone. The choice of reconstruction of the left subclavian artery mainly depends on the vertebrobasilar circulation, assessed by the operators. The diameters of aortic stent grafts were generally oversized by 5–10% according to the aortic pathologies. Most patients were treated with one stent, unless the initial graft did not cover the entry tear and the expansion of the true lumen. Balloon angioplasty of the proximal seal zone was avoided if possible to prevent retrograde extension of the dissection into the aortic arch.



Definition

Acute TBAD was defined as a type B aortic dissection occurring <14 days after the onset of symptoms, whereas subacute TBAD was defined as a dissection with an elapsed time between 15 and 90 days (1). Complicated TBAD was described as persistent or recurrent pain, uncontrolled hypertension despite full medication, early aortic expansion, malperfusion, and signs of rupture (hemothorax and increasing periaortic and mediastinal hematoma) (1).

Venous blood was collected from all patients after admission. Blood samples were drawn into tubes containing 3.2% sodium citrate and sent to the laboratory for testing as soon as possible. The APRI was calculated from dividing the aspartate transaminase (AST) level by platelet level, where AST was in units per liter and platelet was in 109 per liter (6). The ALBI was calculated by the formula (log10 bilirubin × 0.66) – (albumin × 0.085), where bilirubin was in moles per liter and albumin was in grams per liter (10). The MELD score was calculated using the United Network for Organ Sharing modifications as follows: MELD = 9.57 × ln (serum creatinine) + 3.78 × ln (serum bilirubin) + 11.20 × ln (INR) + 6.43, where serum creatinine and serum bilirubin are in milligrams per deciliter and INR represents international normalized ratio (8).

The primary outcome was in-hospital death and follow-up all-cause mortality. In-hospital major adverse clinical events (MACE), including cerebral infarction, limb or visceral ischemia, spinal cord ischemia, secondary intervention, or death, were considered as the secondary outcome.



Follow-Up Protocol

All in-hospital survival patients underwent clinical and imaging follow-up at 3, 6, and 12 months and annually thereafter. Each patient was suggested to return to the hospital for a review at corresponding intervals. Data including symptoms, medication, imaging findings, and other relevant conditions were collected during follow-up. Assessment of patients’ condition was mainly completed by an outpatient clinic visit or telephone interview.



Statistical Analysis

Descriptive statistics are presented as the mean ± standard deviation or median with interquartile range for continuous variables and as numbers with frequencies for categoric variables. D-dimer level was log-transformed to account for the skewed distribution. Continuous data was compared using Student’s t-test of normal distribution or the Mann–Whitney U-test for non-normal distribution. Categorical data was compared using the chi-square test or Fisher’s exact test between groups, and then multiple comparisons were performed with Bonferroni corrections.

Univariate and multivariate logistic regression analyses and Cox survival models were carried out to explore the relationship of variables with in-hospital mortality and MACE, as well as follow-up mortality, respectively. Factors in the univariate analysis with a P < 0.1 were entered into the multivariate regression model to identify independent predictors by a stepwise forward likelihood ratio method. A subgroup analysis performed by disease pathology (acute or subacute) and severity (uncomplicated or complicated) was undertaken to investigate the consistency of the conclusion among different sub-populations. A threshold of 0.5 of APRI was used to indicate significant liver fibrosis (6). X-tile program was applied for determining optimal threshold of ALBI with regard to total death during follow-up (14), and a value of −1.58 was then generated for prognostic discrimination. All statistical analyses were performed using R software (version 3.5.1). A value of P < 0.05 was considered significant.




RESULTS


Clinical Characteristics

A total of 812 TBAD patients undergoing TEVAR were analyzed, including 35 (4.3%) with liver fibrosis and 777 (95.7%) without. The MELD score [fibrosis: 14.02 (10.08–19.34) vs. non-fibrosis: 8.73 (7.29–10.90); P < 0.001] and ALBI score [fibrosis: −1.84 (−1.92 to −1.36) vs. non-fibrosis: −1.97 (−2.26 to −1.70); P < 0.001] of patients with liver fibrosis were significantly higher than those without liver fibrosis. There were 543 (66.9%) patients with a MELD score <10, 188 (23.1%) patients with a MELD score between 10 and 15, and 81 (10.0%) patients with a MELD score >15. Based on the X-tile program, 138 (17.0%) patients were classified into high ALBI group (ALBI > −1.58) and 674 (83.0%) patients were classified into low ALBI group (ALBI ≤ −1.58).

Patients with liver fibrosis had a higher incidence of the involvement of abdominal arteries, higher D-dimer and estimated glomerular filtration rate level, as well as worse liver functional reserve (elevated alanine transaminase, AST, bilirubin, and INR and decreased albumin) (Table 1). There was no significant difference between patients with/without liver fibrosis concerning the demographic characteristics, co-existing medical conditions, and medications at admission (Table 1).


Table 1. Baseline characteristics of patients with and without liver fibrosis.
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During the hospital stay, 24 (3.0%) patients deceased (detailed in the Supplementary Table 1), 22 (2.7%) patients had a cerebral infarction, 18 (2.2%) patients had a limb ischemia, 4 (0.5%) patients had a visceral ischemia, 11 (1.4%) patients had a spinal cord ischemia, and 10 (1.2%) patients required a secondary intervention. After a median 48.2 months (25.5–73.0) follow-up, 69 (8.8%) patients died (Table 2).


Table 2. Post-operative outcomes of patients with and without liver fibrosis.
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Liver Function Assessment With In-hospital Outcomes

When in-hospital outcomes were assessed, patients with liver fibrosis had significantly higher in-hospital death (28.6 vs. 1.8%; P < 0.001) and in-hospital MACE (40.0 vs. 7.9%; P < 0.001) (Figure 2). Liver fibrosis was demonstrated to be a significant risk factor for in-hospital death [odds ratio (OR), 23.73; 95% confidence interval (CI), 8.89–63.33; P < 0.001] and MACE (OR, 5.92; 95% CI, 2.75–12.77; P < 0.001) after adjusting for potential confounders (Table 3 and Supplementary Tables 2, 3).


[image: Figure 2]
FIGURE 2. Prevalence of adverse events stratified by the fibrosis (A), the MELD score (B) and the ALBI score (C). MELD, model of end-stage liver disease; ALBI, albumin–bilirubin; MACE, major adverse clinical events.



Table 3. Results of multivariate regression analysis * for post-operative outcomes.
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We next conducted an analysis according to MELD and ALBI scores. In-hospital death (MELD <10, 1.7%; MELD 10–15, 4.8%; MELD > 15, 7.4%; P = 0.004) and in-hospital MACE (MELD < 10, 5.5%; MELD 10–15, 12.8%; MELD > 15, 25.9%; P < 0.001) differed across MELD categories with a stepwise increase noted (Figure 2). A similar trend was observed with increasing ALBI score (Figure 2). Multivariate analysis revealed that MELD and ALBI were also independent indicators for in-hospital death (MELD: OR 1.08, 95% CI 1.03–1.14, P = 0.003; ALBI: OR 4.45, 95% CI 1.56–12.67, P = 0.005) and MACE (MELD: OR 1.05, 95% CI 1.002–1.11, P = 0.038; ALBI: OR 2.22, 95% CI 1.19–4.15, P = 0.013) (Table 3 and Supplementary Tables 2, 3).

The ROC curve analysis was carried out to determine the predictive value for in-hospital outcomes. The AUC (95% CI) of APRI, MELD, and ALBI for in-hospital death were 0.71 (0.59–0.84), 0.66 (0.54–0.78), and 0.64 (0.52–0.76), respectively. The AUC (95% CI) of APRI, MELD, and ALBI for in-hospital MACE were 0.63 (0.55–0.70), 0.67 (0.60–0.74), and 0.62 (0.55–0.68), respectively.



Liver Function Assessment With Follow-Up Mortality

Liver fibrosis compared with non-fibrosis was associated with higher follow-up mortality (24.0 vs. 8.3%; P = 0.017). Multivariate analysis revealed that liver fibrosis could profoundly affect the follow-up survival in TBAD patients undergoing TEVAR [hazard ratio (HR), 4.69; 95% CI, 1.93–11.42; P = 0.001] (Table 3 and Supplementary Table 4).

Similarly, increasing follow-up mortality was observed with the elevated MELD grades (MELD <10, 6.0%; MELD 10–15, 11.2%; MELD > 15, 22.7%; P < 0.001) and ALBI grades (ALBI ≤ −1.58, 7.0%; ALBI > −1.58, 18.1%; P < 0.001) (Figure 2). Multivariate analysis showed that MELD (HR, 1.07; 95% CI, 1.04–1.10; P < 0.001) and ALBI (HR, 2.88; 95% CI, 1.53–5.43; P = 0.001) were independent predictors for follow-up mortality (Table 3 and Supplementary Table 4).

In the subgroup analysis, we stratified the patients by age (<65 vs. ≥65 years), phase of disease (acute vs. subacute), severity of disease (complicated vs. uncomplicated), renal function (eGFR <60 vs. eGFR ≥60 ml/min/1.73 m2), coronary artery disease status (yes vs. no), and anemia status (yes vs. no). Multivariable-adjusted HRs across the levels of MELD or ALBI scores also tended to increase for follow-up mortality (Table 4 and Supplementary Tables 5–16).


Table 4. Subgroup analysis of follow-up mortality based on different liver function assessment scores *.
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Kaplan–Meier curves indicated that the cumulative follow-up mortality was significantly higher in patients with liver fibrosis (P < 0.001; Figure 3A), advanced MELD (P < 0.001, Figure 3B), or ALBI > −1.58 (P < 0.001, Figure 3C).


[image: Figure 3]
FIGURE 3. Cumulative incidence curve for follow-up mortality classified according to the fibrosis (A), MELD (B), and ALBI score (C). MELD, model of end-stage liver disease; ALBI, albumin–bilirubin; MACE, major adverse clinical events.





DISCUSSION

In the present study, we found a significant increase in in-hospital death and MACE as well as in follow-up mortality among patients with liver fibrosis and decreased liver functional reserve among TBAD patients undergoing TEVAR. Furthermore, it was demonstrated that liver fibrosis, MELD, and ALBI scores were independently associated with in-hospital death, MACE, and follow-up mortality. These data suggest that APRI, MELD, and ALBI should be calculated and incorporated into routine preoperative evaluation.

Few studies have addressed the effect of poor liver function on outcomes in TBAD patients undergoing endovascular treatment. Some researchers supported endovascular treatment for patients with poor liver function (4, 6), whereas others argued against this approach due to the risk of fatal coagulation disorder (5, 15). Temporary coagulopathy could develop after TEVAR (16). An endograft may result in endothelial damage (17), affecting coagulation activation. The liver synthesizes clotting factors and fibrinolysis-related proteins and plays a vital role in regulating the coagulation–fibrinolytic system. Consequently, patients with poor liver function are more likely to suffer from bleeding and thrombosis due to an imbalance between coagulation and fibrinolysis. Moreover, liver dysfunction might lead to the dysregulation of the immune–inflammatory system such as ongoing increasing C-reactive protein and IL-6, which originate from the liver after stimulation with cytokines and relate to the severity of dissection (18).

In a study enrolling 66,943 patients who underwent endovascular aneurysm repair, chronic liver disease was demonstrated to be a significant risk factor for 30-day mortality (OR, 2.52; P < 0.001) (19). Nevertheless, Chou et al. found that short-term results after endovascular therapy were promising in patients with liver cirrhosis (4). In their view, it was acceptable to perform endovascular procedures in patients with cirrhosis after careful preoperative preparation and high-quality management. In the present study, patients with poor liver function had significantly more unfavorable in-hospital outcomes than those without, even after successful TEVAR, and showed a stepwise increase with the elevation of MELD or ALBI grade. Thirteen of 24 patients deceased during hospitalization because of aortic rupture, and six patients died of multiple organ dysfunction syndrome associated with adult respiratory distress syndrome and disseminated intravascular coagulation, which implied that the importance of liver dysfunction might be underestimated in TBAD patients. Prompt intervention might be inevitable for TBAD patients when complications arise, requiring cautious perioperative preparations, including availability of blood products; individualized preoperative, intraoperative, and postoperative management; as well as advanced technology and skilled surgeons. In patients with significant liver fibrosis (OR, 23.73; P < 0.001), the risk of death is very high, and urgent treatment should be carried out to improve liver function and prevent fatal thromboembolic or bleeding event before the endovascular stent-graft implantation.

Consistent with previous studies (4), patients with decreased liver function experienced significantly higher follow-up mortality than those without. The result remained the same in all subgroups considered and after careful statistical adjustments. Prior studies recommended to treat advanced liver disease before cardiac surgery based on the lower survival rate in patients with advanced liver disease after cardiac surgery than those with early liver disease (20). This strategy was optimal in uncomplicated TBAD patients, whereas strict preoperative preparation and elaborate postoperative care might be preferable for complicated patients. Even after successful TEVAR, tight monitoring, timely identification, and appropriate therapy of decreased liver function are crucial to improve prognosis in those patients.



LIMITATIONS

There are several limitations that deserve to be noted. First, we conducted a retrospective study in a single center, although we enrolled all TBAD patients undergoing TEVAR conservatively to minimize the selection bias. Second, the relatively small number of liver fibrosis patients might overestimate the percentage of morbidity and mortality, thus compromising the conclusion. Third, all included patients were Asians, and these results may not apply to other populations (e.g., a Caucasians population). Therefore, further multicenter, large prospective studies are needed to verify our findings. Fourth, due to the inclusion of patients undergoing TEVAR only, our conclusions might not be applicable to patients with conservative treatment. Lastly, the detailed mechanisms underlying why liver function impacts survival outcomes were not validated in the present study. In the future, we will perform a basic research to investigate the possible mechanisms using animal models and in vitro cell experiments.



CONCLUSION

Liver fibrosis and decreased liver functional reserve may profoundly affect the in-hospital and follow-up outcomes. Assessment of liver function using APRI, MELD, and ALBI could provide valuable information on risk stratification and would be useful for decision-making in patients with TBAD before TEVAR.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Guangdong Provincial People’s Hospital. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

JLu, FY, and JLi were involved in the conception and the design of the study. JLi, EX, and MW collected, analyzed the data, and wrote the paper. JLi, LC, and SS performed the statistical work. HZ and QG contributed to critical revision of the manuscript for important intellectual content. All authors reviewed the manuscript and agreed with the final version.



FUNDING

This research was supported by grants from High-Level Hospital Construction Project (Grant Nos. DFJH201807 and DFJH201811).



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2021.643127/full#supplementary-material



REFERENCES

 1. Erbel R, Aboyans V, Boileau C, Bossone E, Bartolomeo RD, Eggebrecht H, et al. 2014 ESC guidelines on the diagnosis and treatment of aortic diseases: document covering acute and chronic aortic diseases of the thoracic and abdominal aorta of the adult. The task force for the diagnosis and treatment of aortic diseases of the European Society of Cardiology (ESC). Eur Heart J. (2014) 35:2873–926. doi: 10.1093/eurheartj/ehu281 

 2. Evangelista A, Isselbacher EM, Bossone E, Gleason TG, Eusanio MD, Sechtem U, et al. Insights from the international registry of acute aortic dissection: a 20-year experience of collaborative clinical research. Circulation. (2018) 137:1846–860. doi: 10.1161/CIRCULATIONAHA.117.031264 

 3. Murata M, Kato TS, Kuwaki K, Yamamoto T, Dohi S, Amano A. Preoperative hepatic dysfunction could predict postoperative mortality and morbidity in patients undergoing cardiac surgery: utilization of the MELD scoring system. Int J Cardiol. (2016) 203:682–89. doi: 10.1016/j.ijcard.2015.10.181

 4. Chou AH, Chen CC, Lin YS, Lin MS, Wu VC, Ting PC, et al. A population-based analysis of endovascular aortic stent graft therapy in patients with liver cirrhosis. J Vasc Surg. (2019) 69:1395–404.e4. doi: 10.1016/j.jvs.2018.06.225

 5. Pesteil F, Labrousse L, Chevreuil C, Laskar M. Preoperative hepatic insufficiency and type III endoleak: a confirmed potential fatal association following endovascular treatment. Interact Cardiovasc Thorac Surg. (2008) 7:285–87. doi: 10.1510/icvts.2007.165134

 6. Zettervall SL, Dansey K, Swerdlow NJ, Soden P, Evenson A, Schermerhorn ML. Aspartate transaminase to platelet ratio index and model for end-stage liver disease scores are associated with morbidity and mortality after endovascular aneurysm repair among patients with liver dysfunction. J Vasc Surg. (2020) 72:904–9. doi: 10.1016/j.jvs.2019.10.101

 7. O’Leary JG, Yachimski PS, Friedman LS. Surgery in the patient with liver disease. Clin Liver Dis. (2009) 13:211–31. doi: 10.1016/j.cld.2009.02.002

 8. Wiesner R, Edwards E, Freeman R, Harper A, Kim R, Kamath P, et al. Model for end-stage liver disease (MELD) and allocation of donor livers. Gastroenterology. (2003) 124:91–6. doi: 10.1053/gast.2003.50016

 9. Organization WH. Guidelines for the Prevention, Care and Treatment of Persons With Chronic Hepatitis B Infection. Geneva: World Health Organization 2015.

 10. Johnson PJ, Berhane S, Kagebayashi C, Satomura S, Teng M, Reeves HL, et al. Assessment of liver function in patients with hepatocellular carcinoma: a new evidence-based approach-the ALBI grade. J Clin Oncol. (2015) 33:550–8. doi: 10.1200/JCO.2014.57.9151

 11. Giallourakis CC, Rosenberg PM, Friedman LS. The liver in heart failure. Clinics Liver Dis. (2002) 6:947–67. doi: 10.1016/S1089-3261(02)00056-9

 12. Alvarez AM, Mukherjee D. Liver abnormalities in cardiac diseases and heart failure. Int J Angiol. (2011) 20:135–42. doi: 10.1055/s-0031-1284434

 13. Ding H, Liu Y, Xie N, Fan R, Luo S, Huang W, et al. Outcomes of chimney technique for preservation of the left subclavian artery in Type B aortic dissection. Eur J Vasc Endovasc Surg. (2019) 57:374–81. doi: 10.1016/j.ejvs.2018.09.005

 14. Camp RL, Dolled-Filhart M, Rimm DL. X-tile: a new bio-informatics tool for biomarker assessment and outcome-based cut-point optimization. Clin Cancer Res. (2004) 10:7252–9. doi: 10.1158/1078-0432.CCR-04-0713

 15. Higashiura W, Kichikawa K, Sakaguchi S, Kubota Y, Nagata T, Nishimine K, et al. Deteriorating consumptive coagulopathy with type III endoleak following endovascular repair for abdominal aortic aneurysm associated with liver cirrhosis. J Endovasc Ther. (2007) 14:421–5. doi: 10.1583/06-1965.1

 16. Cross KS, Bouchier-Hayes D, Leahy AL. Consumptive coagulopathy following endovascular stent repair of abdominal aortic aneurysm. Eur J Vasc Endovasc Surg. (2000) 19:94–5. doi: 10.1053/ejvs.1999.0970

 17. Ferns GA, Stewart-Lee AL, Anggard EE. Arterial response to mechanical injury: balloon catheter de-endothelialization. Atherosclerosis. (1992) 92:89–104. doi: 10.1016/0021-9150(92)90268-L

 18. Nienaber CA, Clough RE, Sakalihasan N, Suzuki T, Gibbs R, Mussa F, et al. Aortic dissection. Nat Rev Dis Primers. (2016) 2:16053. doi: 10.1038/nrdp.2016.53

 19. Egorova N, Giacovelli JK, Gelijns A, Greco G, Moskowitz A, McKinsey J, et al. Defining high-risk patients for endovascular aneurysm repair. J Vasc Surg. (2009) 50:1271–9.e1. doi: 10.1016/j.jvs.2009.06.061

 20. Chou AH, Chen TH, Chen CY, Chen SW, Lee CW, Liao CH, et al. Long-term outcome of cardiac surgery in 1,040 liver cirrhosis patient- nationwide population-based cohort study. Circ J. (2017) 81:476–84. doi: 10.1253/circj.CJ-16-0849

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Liu, Wu, Xie, Chen, Su, Zeng, Geng, Yang and Luo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fcvm-08-643127-t002.jpg
Variables No fibrosis (APRI <0.5; n = 777)

In-hospital events
Mortality

Cerebral infarction
Limb ischernia
Visceral ischermia
Spinal cord ischemia
Re-intervention
Follow-up mortality

APRI, Aspartate transaminase to platelet ratio index.

14 (1.8)
20 (2.6)
15(1.9)
2(03)
9(1.2)
10(1.3)
63(8.3)

Fibrosis (APRI >0.5; n = 35)

10 (286)
2(5.7)
3(86)
2(5.7)
2(6.7)

0(0)

6(24.0)

<0.001
0.244
0.038
0.010
0078
>0.999
0.017





OPS/images/fcvm-08-643127-t003.jpg
Variables APRI (>0.5 vs. <0.5)
OR/HR (95% Cl)

In-hospital death 23.73 (8.89-63.33)

In-hospital MACE 5.92 (2.75-12.77)

Follow-up mortality 469 (1.93-11.42)

P

<0.001
<0.001
0.001

MELD
OR/HR (95% Cl)
1.08 (1.03-1.14)

1.06 (1.002-1.11)
1.07 (1.04-1.10)

P

0.003
0.038
<0.001

ALBI
OR/HR (95% Cl) P

4.45 (1.56-12.67) 0005
2.22(1.19-4.15) 0013
2.88(1.63-5.43) 0001

APR, Aspartate transaminase to platelet ratio index; MELD, model of end-stage liver disease; ALBI, alburin-biliubin; MACE, major adverse clinical events.

"Details in the Supplementary Tables 2-4.





OPS/images/fcvm-08-643127-g003.gif





OPS/images/fcvm-08-643127-t001.jpg
Variables

Age, years
Male
Stage
Acute
Subacute
Complicated
Hypertension
Coronary artery disease
Diabetes melltus
Anemia
Stroke
Chronic kidney disease
Abdominal aortic aneurysm
Diameter, mm
Extent of the dissection
Confined in thoracic aorta
Extended to abdominal aorta
False lumen status
Patent
Partially thrombosed
Completely thrombosed
The involvement of coeliac artery
The involvement of SMA
The involvement of renal artery
None
Unilateral
Bilateral
Renal cysts
Ig (D-cimer)
Platelets, 10%/L
ALT, UL
AST, UL
©GFR, mUmin/1.73 m?
Creatinine, mg/dL.
Albumin, g/L
ALP, UL
GGT, UL
Bilirubin, wmol/L
INR
Medications at admission
Antiplatelet drugs
ACE
ARB
Beta-blockers
Calcium channel blockers

No fibrosis (APRI <0.5; n = 777)

54.0(46.0-63.0)
670 (86.2)

629 (81.0)
148 (19.0)
477 (61.4)
654 (84.2)
118(15.2)

51(6.6)
373 (48.0)
23(3.0)
84(108)
25(3.2)
37.1(34.0-42.6)

181(23.3)
596 (76.7)

525 (67.6)
225 (29.0)
27(35)
223(28.7)
136 (17.4)

446 (57.4)
301 (38.7)
3039
173 22.3)
3.4(2.9-3.6)
208.3 (167.8-274.2)
21.0(15.0-34.0)
21.0(17.0-29.0)
82.7 (59.8-97.0)
0.99(0.82-1.31)
33.0(29.4-36.0)
71.0(66.0-91.0)
37.0(22.0-69.0)
16.4 (11.4-22.7)
1.06 (1.01-1.11)

5(14.3)
4(11.4)
13(37.1)
31(88.6)
24 (68.6)

Fibrosis (APRI >0.5; n = 35)

520 (46.0-61.0)
34(97.1)

31(886)
4(11.4)
21(600)
30 (85.7)
5(14.3)
2(67)

20 (57.1)
386
8(22.9)
000
38,0 (34.0-45.6)

5(143)
30 (85.7)

25 (71.4)
10 (286)
00
16 (45.7)
12(34.3)

14 (40.0)
18 (51.4)
386
5(14.3)
35(33-39)
130.7 (90.0-152.0)
88.0(62.0-164.0)
1140 (78.0-188.4)
49.1(24.0-86.8)
1.64 (0.92-2.74)
30.7 (26.2-33.3)
75.0(61.0-108.0)
60.0 (285-111.0)
195 (14.1-26.6)
1.15 (1.07-1.24)

132 (17.0)
159 (20.5)
355 (45.7)
728 (93.7)
504 (76.4)

0.403
0.063
0.268

0.869
0.806
0.884
0.842
0.290
0.065
0.028
0.281
0.588
0.216

0.837

0.031
0.011
0.067

0.264
0.002
<0.001
<0.001
<0.001
<0.001
<0.001
0.006
0.604
0.087
0.040
<0.001

0.676
0.192
0.320
0.230
0.285

SMA, superior mesenteric artery; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 6GFR, estimated glomerular fitration rate; ALP, alkaline phosphatase; GGT,
gamma-glutamyl transferase; INR, international normalized ratio; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers.
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1.05 (1.03-1.08)
1.18 (1.08-1.29)
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MELD

<0.001
0.008

<0.001
0.005

<0.001
0.001

<0.001
0.039

<0.001
<0.001
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Multivariate analysis

HR (95% CI)

5.75 (2.82-14.27)
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253(1.16-5.52)
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363 (1.22-10.75)
4.72 (1.82-12.25)

3.35 (1.48-7.56)
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8.69 (2.28-33.20)
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MELD, model of end-stage liver disease; ALBI, albumin-billrubin; eGFR, estimated glomerlar fitration rate; CAD, coronary artery disease.

*Details in the Supplementary Tables 5-16.
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