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Abstract

:

Acute kidney disease (AKD) is the persistence of renal injury between days 8 and 90 after an initial acute kidney injury (AKI). In this study, we aimed to explore the incidence of AKD, the association between AKD, and patient outcomes after acute type A aortic dissection (type A AAD) surgery. We identified 696 participants who underwent type A AAD surgery. Patients were categorized into stages 1 to 3 or 0 (non-AKD) AKD groups. Outcomes included major adverse kidney events (MAKEs), respiratory failure, all-cause readmission, and ischemic stroke from day 91 after operation. A total of 376 (54%) participants developed AKI, and 135/376 (35.9%) developed AKD. Moreover, 34/320 (10.6%) patients without AKI still developed AKD. Overall, 169/696 (24.3%) participants developed AKD. Patients with stages 2 and 3 AKD are associated with persisted declined renal function within 1 year. AKD was associated with a higher risk of MAKEs (hazard ratio (HR): 2.52, 95% confidence interval (CI) 1.90–3.33) and all-cause readmission (HR: 2.86, 95% CI: 2.10–3.89). Development of AKD with or without AKI is associated with a higher risk of MAKEs and hospitalization after acute aortic dissection surgery. Higher-stage AKD is associated with a trend of persistent decline in kidney function.
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1. Introduction


Acute type A aortic dissection (type A AAD) is a medical emergency with high in-hospital mortality ranging from 22 to 31% [1,2,3]. Postoperative acute kidney injury (AKI) is a common complication with a high odds ratio of 3.49 for 30-day mortality after operation [4]. The incidence rate of AKI after cardiac surgery varies depending on population type and AKI criteria with the incidence rate ranging from 2 to 50% [5,6,7,8].



AKI is defined as kidney injury within 7 d after insult. Chronic kidney injury refers to kidney damage or dysfunction lasting more than 3 months. Acute kidney disease (AKD) is a transition between these two conceptualized models. AKD is a term used to describe the course of sustained kidney damage or kidney function nonrecovery that persists for more than 7 d but within 90 d after initial AKI [9]. One study demonstrated that AKD after cardiac surgery was associated with 90-day mortality and renal function decline [10].



However, the incidence and trajectory of renal function 8–90 d after operation, as well as the long-term prognostic effect of AKD, are poorly studied. We studied the incidence of AKD after type A AAD surgery to evaluate the transition between AKI and AKD and the trajectory of kidney function after postoperative AKD. Moreover, we evaluated the prognostic effect of AKD post-operation.




2. Materials and Methods


2.1. Data Source


This was a retrospective cohort study. The Chang Gung Research Database (CGRD) was used, which is an electronic medical record (EMR) database for 6 branches of Chang Gung Memorial Hospital (CGMH), from southern to northern Taiwan. In 2015, the CGMH provided health care to approximately 12% of the population under Taiwan’s National Health Insurance (NHI) program. The CGRD contains detailed data on diagnoses, prescriptions, vital signs, laboratory tests, and physical examination records from the emergency department and inpatient and outpatient settings. Renal diseases were defined using the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnostic codes before 2015 and the Tenth Revision (ICD-10-CM) diagnostic codes after 2016. More information regarding the CGRD can be obtained from the literature [11,12]. This study was approved by Chang Gung Medical Foundation Institutional Review Board, IRB number: 01801470B0. The identification number and personal information of the patients were encrypted and deidentified; therefore, informed consent was waived by Chang Gung Medical Foundation Institutional Review Board.




2.2. Study Population


Patients who were admitted and had an operation for acute type A AAD between 1 January 2004 and 31 December 2018 were identified. AAD surgery was confirmed if 3 criteria were fulfilled, namely a diagnostic code of AAD was used (ICD-9-CM: 441.0 and ICD-10-CM: I71.0), Taiwan’s NHI reimbursement codes for type A AAD surgery were identified, and a diagnosis of type A AAD surgery was made after 2 cardiovascular surgeons (Y.T. Cheng and S.W. Chen) reviewed the operation notes. A total of 44 patients received repeated type A AAD surgery during the study, and the first surgery was chosen as the index surgery. Patients were excluded if they were younger than 20 years old, were diagnosed as having end-stage renal disease and were on maintenance dialysis, received dialysis before the operation, died within 7 d after the operation, had insufficient creatinine data to enable a determination of whether they had AKI or AKD, and had a follow-up of less than 90 d (including death between 8 d and 90 d) (Figure 1).




2.3. Definition of AKI and AKD


The exposure variables were AKI or AKD after type A AAD. AKI was defined based on the criteria of Kidney Disease Improving Global Outcomes (KDIGO) [13]. The highest creatinine levels within 7 d after an operation were compared with baseline creatinine levels for AKI diagnosis and stage classification. Baseline creatinine was defined as the value recorded upon emergency room arrival or on the day of admission. AKD was defined according to the Acute Disease Quality Initiative (ADQI) 16 Workgroup consensus [9]. AKD stages 1, 2, and 3 were identified as serum creatinine levels 1.5 to 1.9 times baseline creatinine; 2.0 to 2.9 times baseline creatinine; at least 3.0 times baseline creatinine, a creatinine level of ≥4.0 mg/dL, or renal placement therapy 8 to 90 d after the index date, respectively [9]. If more than 1 value of creatinine level was obtained 8 to 90 d after the index surgery, AKD stage was defined using creatinine levels measured closest to day 90.




2.4. Covariates


Covariates included patient demographics (age, gender, body weight, height, body mass index (BMI), and smoking habit), comorbidities (Marfan syndrome, diabetes mellitus, hypertension, dyslipidemia, chronic kidney disease (CKD), previous stroke, coronary artery disease, chronic obstructive pulmonary disease, atrial fibrillation, and peripheral arterial disease), preoperative vital signs (mean arterial pressure and heart rate), and preoperative laboratory examination data (creatinine, blood urea nitrogen (BUN), white blood cell (WBC) count, hemoglobin (Hb), platelet count, and sodium and potassium levels). Surgical details were obtained through a review of operation notes by 2 cardiovascular surgeons (Y.T. Cheng and S.W. Chen), including bypass time, arrest time, method for brain protection, cerebral perfusion time, and extension for type A surgery. Postoperative sequential organ failure assessment (SOFA) scores and postoperative laboratory results, including aspartate aminotransferase (AST), alanine aminotransferase (ALT), hemoglobulin, and platelet count, were extracted. Comorbidity was defined based on at least 2 outpatient diagnoses or an inpatient diagnosis before admission for an index surgery (Supplementary Table S1).




2.5. Outcomes


AKD was evaluated from day 8 to day 90 after the index surgery, and therefore, late outcomes were analyzed from day 91 after the index surgery. The primary late outcome was a composite of major adverse kidney events (MAKEs), including recurrent AKI, de novo CKD (estimated glomerular filtration rate of <60 mL/min/1.73 m2, according to the Modification of Diet in Renal Disease (MDRD) equation for non-chronic kidney disease patients), end-stage renal disease (ESRD), and all-cause mortality from day 91 of the index surgery to the end of follow-up. Newly diagnosed CKD or de novo CKD was only identified in those with baseline eGFR more than 60 mL/min/1.73 m2. Recurrent AKI was defined as an increase of creatinine by 0.3 mg/dL or with increased creatinine 1.5 times within any 48 h from 91 d after index surgery to the end of follow-up. Moreover, secondary outcomes, including all-cause readmission, respiratory failure, and ischemic stroke, were analyzed. The incidence of respiratory failure and ischemic stroke was identified using the ICD-9-CM and ICD-10-CM diagnostic codes from the inpatient claims data (Supplementary Table S1). Patients were followed until the date of event occurrence, the date of death, or 31 December 2018, whichever came first.




2.6. Statistical Analysis


The baseline and clinical characteristics of patients in the study groups (i.e., AKI vs. non-AKI; AKD vs. non-AKD) were compared using the chi-squared test for categorical variables, independent sample t test for continuous variables with a normal distribution, and Mann–Whitney U test for continuous variables without a normal distribution. The association between AKD incidence and the risk of late outcomes was investigated using univariate and multivariate Cox proportional hazards models. Clinically relevant covariates, including AKI stage, age, gender, BMI, smoking habit, diabetes mellitus, hypertension, chronic kidney disease, coronary artery disease, mean arterial pressure, preoperative creatinine and hemoglobin levels, bypass time, shock in the operating room, and extensions for type A surgery, were adjusted in the Cox model. As ESRD (dialysis) was a competing risk for recurrent AKI and newly diagnosed CKD, we conducted the Fine and Gray subdistribution hazard model, which considered ESRD a competing risk. Due to the substantial number of missing values, the survival analyses were performed using the single imputation expectation–maximization cohort. Additionally, the assumption of proportional hazard was assessed using the Schoenfeld residuals method on the primary renal-related outcomes. A two-sided p-value of <0.05 was considered to represent statistical significance. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA). The directly adjusted survival rates of the AKD and non-AKD groups were calculated using the SAS macro “%ADJSURV” [14].





3. Results


3.1. Patient Characteristics


The mean age of the patients was 57.6 years (standard deviation: 13.7 years), and the male sex was predominant (67.8%). The average BMI value was 25.9 kg/m2 (25th to 75th percentile: 23.3 to 29.4 kg/m2). Approximately, 40% of the patients smoked. Most patients (71.8%; 500/696) had hypertension and 10.9% (76/696) were diagnosed as having CKD. The median hospital stay was 22 d (Supplementary Table S2). Compared to patients without AKI, patients with AKI were more likely to be men and had higher BMIs; a higher prevalence of baseline CKD; higher levels of preoperative creatinine, BUN, Hb, and sodium; higher WBC counts; lower preoperative platelet counts; longer surgical times; higher postoperative SOFA scores; higher levels of postoperative AST and ALT; lower postoperative Hb levels and platelet counts; and longer stays at the hospital. Higher bypass times, higher clamp times, and arrest times were also found in the AKI group in our cohort. Compared to patients without AKD, patients with AKD had higher BMIs; a lower prevalence of hypertension; a higher prevalence of CKD; higher levels of preoperative creatinine and BUN; longer surgery times; higher postoperative SOFA scores; higher levels of postoperative AST; lower postoperative platelet counts; longer hospital stays; and a higher incidence of AKI (Supplementary Table S1). We also conducted a multivariable logistic regression analysis to analyze the association of covariates with AKI and AKD. The results are summarized in Supplementary Table S3.




3.2. Incidence of AKD after Surgery


After the exclusion criteria were applied, 696 patients were eligible for analysis, of which 376 (54%) developed AKI. Furthermore, of the 376 patients with AKI, 135 (35.9%) progressed to AKD. Notably, among the 320 patients without AKI, 34 (10.6%) had deteriorated kidney function, which progressed to AKD. Overall, 169 of 696 (24.3%) patients developed AKD after type A AAD surgery (Figure 1).




3.3. Trajectory of Renal Function


After operations in patients with AKI or AKD, creatinine levels increased gradually and peaked 2 to 3 d after operations in patients with AKI (Figure 2A). The creatinine levels of patients with stage 1 or 2 AKI peaked within 2 d after their operations, then gradually decreased to baseline around 7 d after their operations. Baseline creatinine levels in patients with stage 3 AKI were higher than in patients with stage 1 or 2 AKI. The creatinine levels of patients with stage 3 AKI peaked within 3 d after their operations, then gradually decreased (Figure 2A). If a patient with severe AKI required dialysis, creatinine levels after dialysis were not included in this analysis (Figure 2A).



Renal function persistently declined in patients with stage 2 or 3 AKD within 90 d after their operations, and the trend persisted for up to 1 year after their operations compared to patients with stage 0 or 1 AKD. The average estimated glomerular filtration rate (eGFR) of patients with stage 2 or 3 AKD gradually decreased with a nadir eGFR < 60 around 180 d after their operations. Renal function in patients with stage 0 AKD or stage 1 AKI was relatively stable 91 to 365 d after their operations (Figure 2B). Creatinine levels after dialysis were not evaluated (Figure 2B).




3.4. Association between AKD and the Risk of Late Outcomes


The overall mean follow-up was 4.4 years (standard deviation: 3.4 years). The event rate of MAKEs was 65.7% (111/169) in the AKD group and 42.1% (222/527) in the non-AKD group (Table 1). After multivariate adjustments were made, AKD was significantly associated with a higher risk of MAKEs in comparison to the non-AKD group (hazard ratio (HR) 2.52, 95% confidence interval (CI) 1.90–3.33) (Figure 3A). Notably, only newly diagnosed CKD was significant (55% vs. 38.1%; HR 2.86, 95% CI 2.10–3.89) among the MAKEs (Figure 3B). The AKD group had a significantly higher risk of all-cause readmission in comparison to the non-AKD group (59.8% vs. 44.8%; HR 1.45, 95% CI 1.09–1.92). The AKD group showed a trend of higher risks of respiratory failure and ischemic stroke but without statistical significance. The results of recurrent AKI and newly diagnosed CKD remained consistent in the competing risk survival analysis (Supplementary Table S3). In addition, the correlation of the Schoenfeld residuals was −0.12, −0.14, and −0.15 for MAKE, recurrent AKI, and newly diagnosed CKD, respectively. A result was not available for ESRD because of the limited events. These low correlation coefficients suggested there were no apparent violations of proportional hazard assumption.





4. Discussion


AKD is a subacute, persistent kidney injury or kidney function nonrecovery between 8 and 90 d after initial AKI. Studies have revealed that the timing of renal function recovery or persistence of AKI might result in different outcomes [9,15]. The trajectory from AKI to AKD and the long-term outcomes of AKD after type A AAD are poorly understood. The four major findings of our study can be summarized as follows: (1) the overall incidence of stages 1 to 3 AKD after operation was 24.3%; (2) the incidence of stages 1 to 3 AKD in patients with AKI after operation was 35.9%; moreover, 10.6% of those without an AKI episode developed stage 1, 2, or 3 AKD; (3) patients with stage 2 or 3 AKD had a gradual decline of renal function during the 1-year follow-up; (4) the development of AKD was associated with a higher risk of MAKEs and all-cause readmission.



The incidence of AKD after type A AAD had previously not been reported. Matsuura et al. reported that 11.2% of patients developed stages 1, 2, or 3 AKD after cardiac surgery [10]. The incidence of AKD in patients without an AKI episode varied from 17 to 24% [16,17]. Possible explanations for the diagnosis of stages 1 to 3 AKD with no AKI episode included subclinical AKI, recurrent AKI after initial subclinical AKI, and drug or toxin exposure [9]. The overall incidence of stages 1 to 3 AKD in our study was 24.3%. Moreover, 35.9% of patients with postoperative AKI and 10.6% of patients without AKI developed stage 1, 2, or 3 AKD. Through the multivariable logistic regression analysis, we also identified several risks for AKI, including chronic kidney disease, baseline renal function, pre-operation hemoglobin level, and bypass time (Supplementary Table S4). The identified risk factors of AKD were AKI development and the AKI severity/stage (Supplementary Table S4).



Matsuura et al. [10] reported that any stage of AKD is a risk factor for kidney function decline, with an odds ratio of 3.56 for a 50% eGFR decline in hospital survivors during the 2-year follow-up. Moreover, although 90-day mortality after the operation was found to be strongly associated with AKD, no long-term outcome was analyzed in their study [10]. We analyzed the long-term outcome of AKD and found that AKD was associated with a high risk of MAKEs. AKD was found to be associated with a trend of higher mortality, respiratory failure, and ischemic stroke; however, the difference was statistically insignificant. Compared with patients with stage 1 AKD, patients with stage 2 or 3 AKD had persistent renal function decline in 1 year. Any stage of AKD was a predictor of de novo CKD development (HR: 2.86). Thus, in patients with a higher stage of AKD, early referral to a nephrologist or timely intervention may be important, which is concordant with the ADQI consensus (9). Current knowledge about management of severe AKI and AKD is still suboptimal. One recent study showed the controversial role of early renal replacement therapy (RRT) initiation in the cardiac surgery population [18]. Furthermore, the presentation of post-AKI proteinuria is a poor prognostic indicator [19]. Trials have demonstrated the possible beneficial role of angiotensin-converting enzyme inhibitors/angiotensin receptor blockers (ACEI/ARB) in the AKI population, which might reduce mortality [20,21,22]. A study by Chen et. al. also revealed improved prognosis through the prescription of a β-blocker after aortic surgery [23]. Though the protective effect of ACEI/ARB was not detected in the AKIKI-2 study, which enrolled a post-surgical AKI population [24], a recent meta-analysis demonstrated potential survival using an ACEI/ARB prescription in the post-AKI population [25]. Therefore, studies on the prognostic effect of prescribed medications, including ACEI/ARB, in patients with post-cardiac surgery AKI and AKD are warranted.



Our study has several limitations. First, this study was retrospective. Second, owing to the lack of a biomarker for kidney damage in this cohort, we could not group patients with stage 0 AKD into subgroups, including stages 0A, 0B, and 0C. Third, some patients did not receive regular long-term follow-up, and the detailed trajectory of renal function, according to different AKD stages, could not be analyzed. Therefore, the renal function trajectory of a larger cohort of patients with AKD should be evaluated. Moreover, prospective studies assessing the role of early intervention in patients with AKD at a high risk of CKD are required. Fourth, though patients in our study cohort had long-term all-cause mortality similar to a previous nationally based study [23], it is still possible patients who had outcome events were not followed up in our hospital. Therefore, we might underestimate the outcome of interest. Fifth, since most patients (>80%) did not have baseline creatinine from 7 to 365 d before the index surgery, we used the first creatinine examination at the arrival at the emergency department or at the first day of the index admission as the baseline creatinine, which might underestimate community-acquired AKI, underestimate the incidence of recurrent AKI after discharge, and overestimate baseline CKD prevalence [26]. Furthermore, we did not conduct sample-size calculations, owing to the retrospective cohort study design. However, we did perform a post hoc power analysis of our outcomes with significant findings (including MAKEs, newly diagnosis CKD, all-cause readmissions), and the results showed the achieved power was 99.92%, 99.98%, and 54.4% for MAKEs, newly diagnosis CKD, and all-cause readmissions, respectively (data not shown).




5. Conclusions


AKD with or without AKI episodes after aortic dissection is associated with a higher incidence of MAKEs. A persistent decline in renal function was observed after the initial insult in patients with stage 2 or 3 AKD.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/jcm10204769/s1: Table S1: Diagnoses used to define cohorts, comorbidities, and outcomes, Table S2: Baseline and clinical characteristics of patients according to AKI or AKD, Table S3: The association of AKD with the risk of recurrent AKI and newly diagnosed CKD in the presence of ESRD as the competing risk, Table S4: The associated factors of AKI and AKD using the multivariable logistic regression analysis with backward elimination.





Author Contributions


S.-W.C. and C.-H.C., theory and planning; Y.-T.C. and S.-W.C., database preparation and information extraction; J.-J.C., Y.-H.C., S.-W.C. and C.-H.C., interpretation of results; Y.-H.C. and J.-J.C., led manuscript writing; C.-L.Y. and T.H.L., figure and table formation. All authors provided critical feedback and helped shape the research, analysis, and manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by grants from Chang Gung Memorial Hospital, Taiwan, (CMRPG5K0141), and C.-H.C. was supported by the Ministry of Science and Technology (110-2314-B-182A-043).




Institutional Review Board Statement


This study was conducted in accordance with the Declaration of Helsinki and approved by the Chang Gung Medical Foundation Institutional Review Board, IRB number: 01801470B0. Identification numbers and personal information of patients were encrypted and deidentified; therefore, informed consent was waived by Chang Gung Medical Foundation Institutional Review Board.




Informed Consent Statement


Patient consent was waived by Chang Gung Medical Foundation Institutional Review Board as identification numbers and personal information of patients were encrypted and deidentified.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available because the study is based in part on data from the Chang Gung Research Database provided by Chang Gung Memorial Hospital.




Acknowledgments


The authors would like to thank Alfred Hsing-Fen Lin and Zoe Ya-Jhu Syu, Raising Statistics Consultant Inc., for statistical assistance. This study is based in part on data from the Chang Gung Research Database provided by Chang Gung Memorial Hospital. The interpretation and conclusions contained herein do not represent the position of Chang Gung Memorial Hospital.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to publish the results.




References


	



Mussa, F.F.; Horton, J.D.; Moridzadeh, R.; Nicholson, J.; Trimarchi, S.; Eagle, K.A. Acute Aortic Dissection and Intramural Hematoma: A Systematic Review. JAMA 2016, 316, 754–763. [Google Scholar] [CrossRef] [PubMed]

	



Pape, L.A.; Awais, M.; Woznicki, E.M.; Suzuki, T.; Trimarchi, S.; Evangelista, A.; Myrmel, T.; Larsen, M.; Harris, K.M.; Greason, K.; et al. Presentation, Diagnosis, and Outcomes of Acute Aortic Dissection: 17-Year Trends From the International Registry of Acute Aortic Dissection. J. Am. Coll. Cardiol. 2015, 66, 350–358. [Google Scholar] [CrossRef] [PubMed]

	



Jormalainen, M.; Raivio, P.; Biancari, F.; Mustonen, C.; Honkanen, H.P.; Venermo, M.; Vento, A.; Juvonen, T. Late Outcome after Surgery for Type-A Aortic Dissection. J. Clin. Med. 2020, 9, 2731. [Google Scholar] [CrossRef]

	



Wang, J.; Yu, W.; Zhai, G.; Liu, N.; Sun, L.; Zhu, J. Independent risk factors for postoperative AKI and the impact of the AKI on 30-day postoperative outcomes in patients with type A acute aortic dissection: An updated meta-analysis and meta-regression. J. Thorac. Dis. 2018, 10, 2590–2598. [Google Scholar] [CrossRef] [PubMed]

	



Thakar, C.V.; Liangos, O.; Yared, J.P.; Nelson, D.; Piedmonte, M.R.; Hariachar, S.; Paganini, E.P. ARF after open-heart surgery: Influence of gender and race. Am. J. Kidney Dis. 2003, 41, 742–751. [Google Scholar] [CrossRef]

	



Arora, P.; Kolli, H.; Nainani, N.; Nader, N.; Lohr, J. Preventable risk factors for acute kidney injury in patients undergoing cardiac surgery. J. Cardiothorac. Vasc. Anesth 2012, 26, 687–697. [Google Scholar] [CrossRef]

	



Lagny, M.G.; Jouret, F.; Koch, J.N.; Blaffart, F.; Donneau, A.F.; Albert, A.; Roediger, L.; Krzesinski, J.M.; Defraigne, J.O. Incidence and outcomes of acute kidney injury after cardiac surgery using either criteria of the RIFLE classification. BMC Nephrol. 2015, 16, 76. [Google Scholar] [CrossRef]

	



Chen, S.W.; Tsai, F.C.; Lin, Y.S.; Chang, C.H.; Chen, D.Y.; Chou, A.H.; Chen, T.H. Long-term outcomes of extracorporeal membrane oxygenation support for postcardiotomy shock. J. Thorac. Cardiovasc. Surg. 2017, 154, 469–477. [Google Scholar] [CrossRef]

	



Chawla, L.S.; Bellomo, R.; Bihorac, A.; Goldstein, S.L.; Siew, E.D.; Bagshaw, S.M.; Bittleman, D.; Cruz, D.; Endre, Z.; Fitzgerald, R.L.; et al. Acute kidney disease and renal recovery: Consensus report of the Acute Disease Quality Initiative (ADQI) 16 Workgroup. Nat. Rev. Nephrol. 2017, 13, 241–257. [Google Scholar] [CrossRef]

	



Matsuura, R.; Iwagami, M.; Moriya, H.; Ohtake, T.; Hamasaki, Y.; Nangaku, M.; Doi, K.; Kobayashi, S.; Noiri, E. The Clinical Course of Acute Kidney Disease after Cardiac Surgery: A Retrospective Observational Study. Sci. Rep. 2020, 10, 6490. [Google Scholar] [CrossRef]

	



Shao, S.C.; Chan, Y.Y.; Kao Yang, Y.H.; Lin, S.J.; Hung, M.J.; Chien, R.N.; Lai, C.C.; Lai, E.C. The Chang Gung Research Database-A multi-institutional electronic medical records database for real-world epidemiological studies in Taiwan. Pharmacoepidemiol. Drug Saf. 2019, 28, 593–600. [Google Scholar] [CrossRef] [PubMed]

	



Tsai, M.S.; Lin, M.H.; Lee, C.P.; Yang, Y.H.; Chen, W.C.; Chang, G.H.; Tsai, Y.T.; Chen, P.C.; Tsai, Y.H. Chang Gung Research Database: A multi-institutional database consisting of original medical records. Biomed J. 2017, 40, 263–269. [Google Scholar] [CrossRef] [PubMed]

	



Section 2: AKI Definition. Kidney Int. Suppl. 2012, 2, 19–36. [CrossRef] [PubMed]

	



Zhang, X.; Loberiza, F.R.; Klein, J.P.; Zhang, M.J. A SAS macro for estimation of direct adjusted survival curves based on a stratified Cox regression model. Comput. Methods Programs Biomed. 2007, 88, 95–101. [Google Scholar] [CrossRef] [PubMed]

	



Siew, E.D.; Abdel-Kader, K.; Perkins, A.M.; Greevy, R.A., Jr.; Parr, S.K.; Horner, J.; Vincz, A.J.; Denton, J.; Wilson, O.D.; Hung, A.M.; et al. Timing of Recovery From Moderate to Severe AKI and the Risk for Future Loss of Kidney Function. Am. J. Kidney Dis. 2020, 75, 204–213. [Google Scholar] [CrossRef] [PubMed]

	



Moledina, D.G.; Luciano, R.L.; Kukova, L.; Chan, L.; Saha, A.; Nadkarni, G.; Alfano, S.; Wilson, F.P.; Perazella, M.A.; Parikh, C.R. Kidney Biopsy-Related Complications in Hospitalized Patients with Acute Kidney Disease. Clin. J. Am. Soc. Nephrol. 2018, 13, 1633–1640. [Google Scholar] [CrossRef]

	



Chu, R.; Li, C.; Wang, S.; Zou, W.; Liu, G.; Yang, L. Assessment of KDIGO definitions in patients with histopathologic evidence of acute renal disease. Clin. J. Am. Soc. Nephrol. 2014, 9, 1175–1182. [Google Scholar] [CrossRef]

	



Chen, J.J.; Lee, C.C.; Kuo, G.; Fan, P.C.; Lin, C.Y.; Chang, S.W.; Tian, Y.C.; Chen, Y.C.; Chang, C.H. Comparison between watchful waiting strategy and early initiation of renal replacement therapy in the critically ill acute kidney injury population: An updated systematic review and meta-analysis. Ann. Intensive Care 2020, 10, 30. [Google Scholar] [CrossRef]

	



Molnar, A.O.; Parikh, C.R.; Sint, K.; Coca, S.G.; Koyner, J.; Patel, U.D.; Butrymowicz, I.; Shlipak, M.; Garg, A.X. Association of postoperative proteinuria with AKI after cardiac surgery among patients at high risk. Clin. J. Am. Soc. Nephrol. 2012, 7, 1749–1760. [Google Scholar] [CrossRef]

	



Gayat, E.; Hollinger, A.; Cariou, A.; Deye, N.; Vieillard-Baron, A.; Jaber, S.; Chousterman, B.G.; Lu, Q.; Laterre, P.F.; Monnet, X.; et al. Impact of angiotensin-converting enzyme inhibitors or receptor blockers on post-ICU discharge outcome in patients with acute kidney injury. Intensive Care Med. 2018, 44, 598–605. [Google Scholar] [CrossRef]

	



Chen, Y.T.; Chan, C.K.; Li, W.Y.; Huang, T.M.; Lai, T.S.; Wu, V.C.; Chu, T.S.; National Taiwan University Hospital Study Group on Acute Renal Failure (NSARF). Renin-angiotensin-aldosterone system inhibition decreased contrast-associated acute kidney injury in chronic kidney disease patients. J. Formos. Med. Assoc. 2020, 120, 641–650. [Google Scholar] [CrossRef] [PubMed]

	



Brar, S.; Ye, F.; James, M.T.; Hemmelgarn, B.; Klarenbach, S.; Pannu, N.; Interdisciplinary Chronic Disease, C. Association of Angiotensin-Converting Enzyme Inhibitor or Angiotensin Receptor Blocker Use With Outcomes After Acute Kidney Injury. JAMA Intern. Med. 2018, 178, 1681–1690. [Google Scholar] [CrossRef] [PubMed]

	



Chen, S.W.; Lin, Y.S.; Wu, V.C.; Lin, M.S.; Chou, A.H.; Chu, P.H.; Chen, T.H. Effect of beta-blocker therapy on late outcomes after surgical repair of type A aortic dissection. J. Thorac. Cardiovasc. Surg. 2020, 159, 1694–1703. [Google Scholar] [CrossRef]

	



Scarton, M.; Oppenheimer, A.; Chaibi, K.; Dreyfuss, D.; Gaudry, S. Renin-angiotensin-aldosterone system blockers after KDIGO stage 3 acute kidney injury: Use and impact on 2-year mortality in the AKIKI trial. Crit. Care 2019, 23, 148. [Google Scholar] [CrossRef] [PubMed]

	



Chen, J.Y.; Tsai, I.J.; Pan, H.C.; Liao, H.W.; Neyra, J.A.; Wu, V.C.; Chueh, J.S. The Impact of Angiotensin-Converting Enzyme Inhibitors or Angiotensin II Receptor Blockers on Clinical Outcomes of Acute Kidney Disease Patients: A Systematic Review and Meta-Analysis. Front. Pharmacol. 2021, 12, 665250. [Google Scholar] [CrossRef]

	



Thomas, M.E.; Blaine, C.; Dawnay, A.; Devonald, M.A.; Ftouh, S.; Laing, C.; Latchem, S.; Lewington, A.; Milford, D.V.; Ostermann, M. The definition of acute kidney injury and its use in practice. Kidney Int. 2015, 87, 62–73. [Google Scholar] [CrossRef] [PubMed]








[image: Jcm 10 04769 g001 550] 





Figure 1. Diagram of patient selection. AKI, acute kidney injury; AKD, acute kidney disease. 
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Figure 2. Kidney function trajectory after acute kidney injury and acute kidney disease. (A) Trend of creatinine levels after operation according to AKI stage. AKI, acute kidney injury. Creatinine or eGFR data after dialysis initiation were not included in the figure. AKD, acute kidney disease; eGFR, estimated glomerular filtration rate. (B) Trend of eGFR after operation according to AKD stage. Creatinine or eGFR data after dialysis initiation were not included in the figure. AKD, acute kidney disease; eGFR, estimated glomerular filtration rate. 
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Figure 3. Directly adjusted one minus survival rates of MAKEs (A) and newly diagnosed CKD (B) after type A acute aortic dissection surgery in patients with or without AKD. MAKEs, major adverse kidney events; CKD, chronic kidney disease. 






Figure 3. Directly adjusted one minus survival rates of MAKEs (A) and newly diagnosed CKD (B) after type A acute aortic dissection surgery in patients with or without AKD. MAKEs, major adverse kidney events; CKD, chronic kidney disease.



[image: Jcm 10 04769 g003]







[image: Table] 





Table 1. Late outcomes during follow-up in the expectation maximization imputation cohort.
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Late Outcomes (>90 Days)

	
AKD

(n = 169)

	
Non-AKD

(n = 527)

	
Unadjusted Analysis

	
Multivariable Analysis *




	
HR (95% CI) for AKD

	
p-Value

	
HR (95% CI) for AKD

	
p-Value






	
MAKEs

	
111 (65.7)

	
222 (42.1)

	
2.24 (1.76–2.86)

	
<0.001

	
2.52 (1.90–3.33)

	
<0.001




	
Recurrent AKI

	
35 (20.7)

	
77 (14.6)

	
1.57 (1.05–2.35)

	
0.029

	
1.24 (0.77–2.01)

	
0.372




	
Newly diagnosed CKD

	
93 (55.0)

	
201 (38.1)

	
1.95 (1.50–2.55)

	
<0.001

	
2.86 (2.10–3.89)

	
<0.001




	
ESRD

	
8 (4.7)

	
15 (2.8)

	
1.66 (0.72–3.85)

	
0.236

	
1.51 (0.65–3.48)

	
0.336




	
All-cause mortality

	
17 (10.1)

	
32 (6.1)

	
1.67 (0.92–3.03)

	
0.093

	
1.58 (0.81–3.09)

	
0.179




	
All-cause readmission

	
101 (59.8)

	
236 (44.8)

	
1.47 (1.16–1.86)

	
0.002

	
1.45 (1.09–1.92)

	
0.010




	
Respiratory failure

	
11 (6.5)

	
23 (4.4)

	
1.62 (0.79–3.33)

	
0.190

	
1.54 (0.61–3.90)

	
0.365




	
Ischemic stroke

	
14 (8.3)

	
31 (5.9)

	
1.39 (0.73–2.66)

	
0.322

	
1.10 (0.57–2.11)

	
0.786








Abbreviations: AKD, acute kidney disease; AKI, Acute kidney injury; HR, hazard ratio; CI, confidence interval; MAKEs, major adverse kidney events; CKD, chronic kidney disease; ESRD, end-stage renal disease; * Adjusted with AKI stage, age, gender, body mass index, smoking, diabetes mellitus, hypertension, chronic kidney disease, coronary artery disease, mean arterial pressure, pre-operation creatinine, pre-operation hemoglobin, bypass time, shock at operation room, extensions for type A surgery.
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