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Background: Different definitions of contrast-associated acute kidney injury (CA-AKI) have different predictive effects on prognosis. However, few studies explored the relationship between these definitions and long-term prognosis in patients with congestive heart failure (CHF). Thus, we aimed to evaluate this association and compared the population attributable risks (PAR) of different CA-AKI definitions.

Methods: This study enrolled 2,207 consecutive patients with CHF undergoing coronary angiography (CAG) in Guangdong Provincial People's Hospital. Two different definitions of CA-AKI were used: CA-AKIA was defined as an increase ≥.5 mg/dl or > 25% in serum creatinine (SCr) from baseline within 72 h after CAG, and CA-AKIB was defined as an increase of ≥.3 mg/dl or > 50% in SCr from baseline within 48 h after CAG. Kaplan-Meier methods and Cox regression were applied to evaluate the association between CA-AKI with long-term mortality. Population attributable risk (PAR) of different definitions for long-term prognosis was also calculated.

Results: During the 3.8-year median follow-up (interquartile range 2.1-6), the overall long-term mortality was 24.9%, and the long-term mortality in patients with the definitions of CA-AKIA and CA-AKIB were 30.4% and 34.3%, respectively. We found that CA-AKIA (HR: 1.44, 95% CI 1.19-1.74) and CA-AKIB (HR: 1.48, 95% CI 1.21-1.80) were associated with long-term mortality. The PAR was higher for CA-AKIA (9.6% vs. 8%).

Conclusions: Our findings suggested that CA-AKI was associated with long-term mortality in patients with CHF irrespective of its definitions. The CA-AKIA was a much better definition of CA-AKI in patients with CHF due to its higher PAR. For these patients, cardiologists should pay more attention to the presence of CA-AKI, especially CA-AKIA.
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INTRODUCTION

As the common postoperative complication, contrast-associated acute kidney injury (CA-AKI) can significantly increase the risk of adverse clinical outcomes, including prolonged hospitalization, adverse cardiovascular events, renal diseases, and even long-term mortality (1–3). Previous studies proved that congestive heart failure (CHF) was an independent risk factor of CA-AKI, and patients with CHF were 1–2 times more likely to develop CA-AKI than those without CHF (4, 5).

In general, changes in plasma creatinine levels were used to diagnose the CA-AKI. The criterion is usually incremented in serum creatinine (SCr) concentration of at least 0.5 mg/dl or more than 25% within 72 h of contrast media exposure (6). However, according to some other studies, CA-AKI was confirmed as of this criterion: SCr levels increase more than 0.3 mg/dl or 50% after exposure to contrast media within 48 hours (7). A previous study found that different prevalence appeared on different definitions of CA-AKI (8). The previous study found different definition has different effect to predict long-term prognosis among patients with AMI and diabetes mellitus according to population attributable risk (PAR) (9, 10).

However, to our acknowledge, few papers evaluated the association between long-term all-cause mortality and various CA-AKI definitions among patients with CHF. Therefore, this study intended to assess the association between different CA-AKI definitions and long-term prognosis among patients with CHF receiving coronary angiography (CAG) and to determine the appropriate definition of CA-AKI in these patients.



METHOD


Study Design and Population

This study used the Cardiorenal Improvement study data, which was carried out at the largest cardiovascular center in Southern China (Guangdong Provincial People's Hospital, China, Clinicaltrials.gov NCT04407936). The Cardiorenal Improvement study extracted demographic characteristics, comorbidities, laboratory tests, and discharge medication from the institution's electronic medical record system. All patients received the percutaneous coronary intervention (PCI) and CAG by standard guidelines (11–14). The data quality control, as well as regular data verification, were placed in charge of senior cardiologists. The follow-up information of all patients was retrieved from the Public Security System of Guangdong province. All patients receiving CAG were screened between Jan. 1, 2007 and Dec. 31, 2018. A total of 88,938 patients received CAG, while 8,379 patients were confirmed as CHF. The flow chart including inclusion criteria and exclusion criteria of the current study was shown in Figure 1. The study protocol was developed in accordance with the Declaration of Helsinki and was authorized by the Ethics Committee of Guangdong Provincial People's Hospital (No. GDREC2019555H[R1]).
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FIGURE 1. Study flow chart.




Endpoint and Definitions

The primary study outcome was long-term all-cause mortality. CHF was defined as Killip classes II-IV or New York Heart Association (NYHA) classes III-IV (4). The definitions of CA-AKIA and CA-AKIB are SCr concentration increasing more than 0.5 mg/dl or 25% within 72 h postoperatively (6), and SCr level increasing more than 0.3 mg/dl or 50% within 48 h postoperatively, respectively (7). Comorbidities included coronary artery disease (CAD), acute myocardial infarction (AMI), hypertension, chronic kidney disease (CKD), anemia, diabetes mellitus, atrial fibrillation, chronic obstructive pulmonary disease (COPD), and stroke. This study used results of CAG and the 10th revision (ICD-10) of the International Classification of Diseases to determine CAD. Anemia was confirmed by gender and hematocrit (male's hematocrit below 39% and female's hematocrit below 36%) (15). Our study calculated the estimated glomerular filtration rate (eGFR) by applying the Modification of Diet in Renal Disease (MDRD) formula (16). The definition of CKD was eGFR ≤60 mL/min/1.73 m2 (17, 18).



Statistical Analysis

Normally distributed data, abnormally distributed data, and categorical data are presented as mean (standard deviation [SD]), (interquartile range [IQR]), as well as number (percentage). The difference between patients with and without CA-AKI was tested by Student's t-test, Wilcoxon rank-sum tests, and Chi-square test for continuous variables with normal distribution, continuous variables with abnormal distribution, and categorical variables. Kaplan-Meier method and log-rank test were applied to identify the prognostic differences. The association between CA-AKI and outcomes was evaluated by using the Cox proportional-hazards model, and presented as hazard ratio (HR) and 95% confidence interval (CI). Covariates included age, sex, CAD, diabetes mellitus, CKD, hypertension, hypoalbuminemia, anemia, COPD, and stroke. Two multivariate Cox regression models have been constructed for CA-AKIA and CA-AKIB accordingly. The PAR was calculated on the basis of the following formula: PAR = prevalence * (hazard ratio - 1)/ [1 + prevalence * (hazard ratio – 1)]. The prevalence is the prevalence of CA-AKIA and CA-AKIB in our study. The present study applied the delta method to estimate the PAR's standard error. The present study used R software (R Foundation for Statistical Computing), version 3.6.3 to carry out statistical analyses. All p-values less than.05 were considered statistically significant.




RESULT

The present study eventually enrolled 2,207 patients. Table 1 showed the baseline characteristics. In general, the mean age was 64.3 ± 10.7 years, and 68.7% of the patients were male. The number of patients complicated with CAD, hypertension, diabetes mellitus, and CKD was 1,529 (69.3%), 1,090 (49.4%), 6,92 (31.4%), and 995 (45.1%), respectively. A total of 1,153 (52.2%) patients underwent PCI. The mean of eGFR was 63.3 ± 27.1 mL/min/1.73 m2.


Table 1. Baseline characteristics.
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According to the CA-AKIA criteria, CA-AKI occurred in 530 patients (24%), while according to the CA-AKIB, CA-AKI occurred in 397 patients (18%). Results of demographic characteristics showed that patients with CA-AKIB were younger compared with patients without CA-AKIB. However, there was no significant difference in age between patients with and without CA-AKIA. Additionally, patients with CA-AKIA were less often male. About comorbidities, irrespective of the definition used, patients with CA-AKI complications following CAG had lower proportions of CAD, AMI, and PCI. However, patients with CA-AKI had a higher incidence of anemia, atrial fibrillation, and better renal function. Furthermore, the usage of renin-angiotensin system inhibitor (RASi), β-blocker, and statins in patients with CA-AKI was lower, regardless of the definition of CA-AKI.

The long-term all-cause mortality was 24.9% during the follow-up period, whose median was 3.8 (IQR 2.1-6) years. Among patients with CA-AKIA or CA-AKIB, the mortalities were 30.4% and 34.3%, respectively. Kaplan-Meier curves illustrate that those patients developing CA-AKI had a worse prognosis, irrespective of the CI-AKI definition (Figure 2). Table 2 displayed the results of the univariate and multivariate cox regression. After adjusting for confounders, CA-AKI was associated with a worse prognosis. Both CA-AKIA and CA-AKIB could increase the risk of long-term death by 44 and 48%, (adjusted HR 1.44, 95% CI 1.19–1.74; adjusted HR 1.48, 95% CI 1.21–1.80). By evaluating the performance of the two multivariable models including CA-AKIA and CA-AKIB, the C-statistic showed no significant difference between the two models (0.659 vs. 0.660; p = 0.55; Table 3). The prevalence of CA-AKIA was higher (24% vs. 18%). For the PAR, it was also higher for CA-AKIA (PAR: 9.6%, CI: 4.4-15.1%). The PAR for CA-AKIB was 8% (CI: 3.6-12.6%) (Figure 3).


[image: Figure 2]
FIGURE 2. Cumulative incidence of all-cause death for two different contrast-associated acute kidney injury (CA-AKI) definitions patients with congestive heart failure (CHF). (A) Definition of CA-AKIA. (B) Definition of CA-AKIB.



Table 2. Unadjusted and adjusted hazard ratios (HRs) and 95% CIs for the primary endpoint (long-term all-cause mortality) of two different contrast-associated acute kidney injury definitions.
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Table 3. C-statistics for two multivariate Cox proportional hazards models.
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FIGURE 3. Population attributable risk of two different definitions of CA-AKI.




DISCUSSION

Our study is the first to assess the relation between CA-AKI and long-term prognosis among patients with CHF undergoing CAG and compare the PAR of two different CA-AKI definitions. According to our findings, we found that patients developing CA-AKI had a lower survival rate. The mortality of CA-AKIA was lower than that of CA-AKIB, but the prevalence was higher. After adjusting for demography and baseline comorbidities, both CA-AKIA and CA-AKIB could increase the risk of all-cause mortality. Comprehensively considering the HR and incidence, CA-AKIA had a higher PAR, suggesting that the definition of CA-AKIA was more suitable for patients with CHF.

Previous studies demonstrated that both CA-AKIA and CA-AKIB were associated with poor long-term outcomes. Sun et al. explored the impact of CA-AKIA on all-cause long-term mortality in 696 patients with AMI undergoing PCI (19). They demonstrated that CA-AKIA independently predicted long-term mortality following PCI. The CA-AKIA increases the risk of all-cause death by 1.97 times. According to Centola et al.'s study, enrolling 406 patients who were complicated with ST-segment elevation myocardial infarction (STEMI) and underwent primary PCI treatment, results detected a significant association between two CA-AKI definitions and poor clinical outcomes (8).

The CHF was an established risk factor of CA-AKI (4, 5). The CHF patients were at high risk of CA-AKI. Compared with the general population, patients with CHF had a significantly higher incidence of CA-AKI. The result of an observational study conducted by Tsai et al., enrolling 985,737 patients, showed that among patients undergoing PCI treatment, the prevalence of CA-AKI was 7.1% (20). Meanwhile, Chen et al.'s study, which included patients with CHF found that 16.7% of patients experienced CA-AKI after CAG (21), which was more than twice that of the general population. Due to inconsistencies in the definition of CAAKI, its incidence ranges from 12.07 to 17.45% in patients with heart failure, while undergoing coronary angiography according to previous studies. Chen et al.'s study, which enrolled 551 patients with CHF, reported that the incidence of CA-AKIB was 16.70% (21). According to Lei et al.'s finding, the incidence of CA-AKIA was 17.45% in 596 patients with heart failure (22). Results in Bei et al.'s study illustrated that the rate of CA-AKIA was 12.79% among patients who were diagnosed with heart failure with preserved ejection fraction (HFpEF) (23). Wang et al.'s study showed the rate of CA-AKIB was 12.07% in patients who were complicated with heart failure with mid-range ejection fraction (HFmrEF) (24). Previous studies have compared the two different definitions in patients with AMI and diabetes mellitus. They all found that the PAR of CA-AKIB was higher. In contrast, the result of our study found that the CA-AKIA's PAR was higher.

To evaluate the relation between CA-AKI and long-term all-cause mortality, this study firstly applied the Kaplan-Meier method to observe the differences in prognosis. Then, Cox proportional hazard models were applied to adjust confounders. Next, the incidence of different CA-AKI definitions was also considered. Combining HR and morbidity, PAR was finally calculated to assess the contribution of two different definitions to long-term all-cause death. The present study demonstrated that the PAR of CA-AKIA was higher, which indicate that among patients with CHF, the definition of CA-AKIA was at higher risk, and the method of PAR, which is comprehensively considered a relative risk and prevalence guide to clinical practice, is worth popularizing for the direction of clinical practice.

The CA-AKI has multiple definitions that confuse clinicians about the diagnosis (25). The present study found that CA-AKI is an independent risk factor of long-term all-cause mortality among CHF patients and that the definition of CA-AKIA is more suitable for patients with CHF to assess the relation between CA-AKI and prognosis than CA-AKIB. This helps clinicians confirm and manage high-risk patients with CHF, who are also suffering from CA-AKI. In clinical practice, more attention should be paid to patients developing CA-AKIA.



LIMITATION

There were several limitations in this study. In the first place, the enrolled patients in the present study were patients with CHF, which may not be extrapolated to the general population, whereas our study is the first one evaluating the relation between different CA-AKI definitions and long-term all-cause deaths in these patients. Second, the data in our analysis was just from a single-center, retrospective, and observational study. Nonetheless, this center was the largest cardiac intervention center in South China. Third, it's hard to identify the progression of renal insufficiency, while some SCr data were missing during the follow-up, which may affect the results of this study. However, the present study included variables that were significantly associated with prognosis as covariates in the multivariate Cox regression analysis.



CONCLUSION

Our findings proved that CA-AKI had an association with long-term all-cause mortality among patients who suffered CHF, regardless of the definition. The CA-AKIA definition was determined as appropriate for patients with CHF. This can help cardiologists identify CA-AKI with a high risk of poor long-term prognosis among patients with CHF undergoing CAG.
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