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Rapid-onset postoperative acute kidney injury is associated with mortality in patients with postcardiotomy cardiogenic shock
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Background: Post-cardiotomy cardiogenic shock (PCCS) is a serious condition that necessitates veno-arterial extracorporeal membrane oxygenation (VA-ECMO). Although acute kidney injury (AKI) often complicates PCCS, its specific effects on patient outcomes remain unclear. This study seeks to evaluate the impact of AKI on 90-day mortality.



Methods: This retrospective study included 91 patients with postoperative cardiogenic shock requiring venoarterial extracorporeal membrane oxygenation following cardiac surgery between 2013 and 2023. Rapid-onset AKI was defined as KDIGO Stage 2 or higher within 24 h of ICU admission. Survival was analyzed using Kaplan–Meier and Cox regression methods to assess its association with 90-day mortality.



Results: Twenty-four patients (26.4%) were classified as rapid-onset AKI. The median age, primary diagnosis, and preoperative serum creatinine levels were similar between groups. However, the rapid-onset AKI group had a preoperative lower left ventricular ejection fraction (42.5% vs. 60.0%, p = 0.006), longer cardiopulmonary bypass time (332 vs. 245 min, p = 0.009), and a longer duration of mechanical circulatory support (6.0 vs. 2.0 days, p = 0.001). The success rate of weaning from mechanical circulatory support was lower (61.1% vs. 93.3%, p = 0.002), and the 90-day cumulative survival probability was lower in the rapid-onset AKI group (29.1% [95% confidence interval (CI): 15.6–54.4 vs. 79.1% [95% CI: 69.9–89.4], p < 0.001). Cox regression analysis confirmed an independent association between rapid-onset AKI and 90-day mortality (adjusted hazard ratio: 3.15, 95% CI: 1.38–7.19, p = 0.006).



Conclusion: Rapid-onset AKI was significantly associated with increased 90-day mortality in patients with PCCS who required V-A ECMO.
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1 Introduction

Postoperative cardiogenic shock (PCCS) is characterized as a low cardiac output syndrome accompanied by impaired peripheral perfusion. Although its incidence is relatively low, ranging from 0.5% to 1.5%, the in-hospital mortality rate remains extremely high, between 60% and 80% (1). Mechanical circulatory support devices, such as veno-arterial extracorporeal membrane oxygenation (V-A ECMO), are commonly employed in its management (2–4). Circulatory failure has been identified as a critical determinant of survival outcomes, underscoring the importance of prompt hemodynamic stabilization.

Another critical complication is Cardiac surgery-associated acute kidney injury (CSA-AKI), which is also one of the most significant postoperative complications affecting patient prognosis (5, 6). It typically arises from renal hypoperfusion and systemic inflammatory responses triggered during and after surgery (7, 8). Both PCCS and AKI are severe postoperative complications, and they can exacerbate each other's pathophysiology. Renal hypoperfusion caused by PCCS can precipitate AKI, while the progression of AKI can further worsen circulatory status through fluid overload and inflammation (9, 10).

Among these, the development of Stage 2 or higher AKI within 24 h after surgery is likely to reflect acute hemodynamic and inflammatory changes and may serve as an early warning sign of systemic deterioration. This is based on evidence indicating that the severity of renal tubular injury strongly reflects the degree of inflammatory response, and that early recognition of AKI may be useful in predicting the prognosis of CSA-AKI (11–13).

In patients with PCCS, who are already at high risk for profound circulatory instability and multi-organ dysfunction, the prognostic implications of early AKI may be particularly significant. Therefore, identifying whether AKI occurs within the first 24 h following surgery and clarifying its impact on subsequent survival is a critical clinical issue.

This study focuses on the occurrence of AKI within 24 h after cardiac surgery in patients with PCCS and investigates its association with 90-day postoperative survival. By elucidating the prognostic significance of perioperative AKI, the aim is to provide insights that may contribute to risk stratification and early therapeutic decision-making in patients with PCCS.



2 Materials and methods


2.1 Study design, cohort, and data collection

This study was a single-center retrospective analysis conducted between January 2013 and December 2023, with data collection carried out in October 2024. A total of 6,208 patients underwent cardiothoracic surgery using cardiopulmonary bypass. 110 patients required postoperative V-A ECMO. After excluding patients who were dialysis-dependent preoperatively (n = 3), received V-A ECMO for non-cardiac indications (n = 2), underwent heart transplantation (n = 8), or had missing postoperative clinical data (n = 2), 95 patients remained for analysis as those experiencing postoperative cardiogenic shock requiring V-A ECMO (Figure 1). No major changes were made to the overall surgical techniques employed at our institution during the study period. The basic composition of the cardioplegia solution was consistently extracellular type, mixed with blood at a ratio of either 1:1 or 3:1. Cardioplegia was administered under hypothermia at 14°C for aortic procedures, while tepid cardioplegia at 29°C was used for other cases during the study period. AKI was defined according to the KDIGO criteria.
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FIGURE 1
Study population and inclusion criteria for postoperative cardiogenic shock requiring veno-arterial extracorporeal membrane oxygenation.


Previous studies on mortality risk and acute kidney injury (AKI) in patients supported with V-A ECMO have demonstrated that the risk is particularly elevated in those with KDIGO Stage 2 or higher (14). Therefore, to specifically evaluate the impact of hyperacute kidney injury in this study, we defined patients who met the criteria for KDIGO Stage 2 or higher within 24 h after ICU admission—either a serum creatinine level more than twice the preoperative value or urine output less than 0.5 ml/kg/h for more than 12 h—as the rapid-onset AKI group (15). Based on these criteria, 24 patients developed rapid-onset AKI, while the remaining 71 patients did not.

The primary outcome was mortality from all causes within 90 days post-surgery. Secondary outcomes included the duration and successful weaning from mechanical circulatory support.



2.2 Criteria and hemodynamic assessment for V-A ECMO initiation in PCCS patients

The criteria for initiating V-A ECMO in PCCS patients included an inability to wean from cardiopulmonary bypass or a cardiac index of less than 2.2 L/min/m2, as well as a systolic blood pressure below 90 mmHg (or a mean arterial pressure below 60 mmHg), despite optimal treatment with inotropic or vasopressor agents and/or intra-aortic balloon pumping (IABP) (2, 16). Heart failure was diagnosed based on Swan-Ganz catheter data obtained immediately before V-A ECMO initiation and transesophageal echocardiography (TEE) performed by anesthesiologists. Left ventricular failure occurs when the pulmonary artery wedge pressure (PAWP) exceeds 18 mmHg, and the ratio of right atrial pressure to pulmonary capillary wedge pressure (RAP/PCWP) falls below 0.63, or when TEE confirms preserved right ventricular function alongside a reduction in RV fractional area change (RVFAC) of less than 20%. Right ventricular failure is diagnosed when inhaled nitric oxide is administered, PAWP remains below 18 mmHg, and TEE indicates an RVFAC reduction of 20% or more. Biventricular failure is identified when PAWP exceeds 18 mmHg, the RAP/PCWP ratio is greater than 0.63, and TEE reveals an RVFAC reduction of less than 20%.



2.3 Mechanical circulatory system selection

In ECMO management, the choice between peripheral and central cannulation, as well as the decision to introduce LV venting, was made intraoperatively through discussions between the surgeons and anesthesiologists. The Heart Team determined the postoperative selection of mechanical circulatory support modalities, which included cardiologists, surgeons, and other relevant specialists. Before the Impella (Abiomed, Danvers, MA, USA) device was introduced in Japan in 2018, left ventricular unloading was achieved using either IABP or left atrial/ventricular venting. In Japan, upgrading to an extracorporeal ventricular assist device (Ex-VAD) was generally indicated for patients under 65, while those aged 65 years or older continued to be managed with V-A ECMO. This study was conducted at a high-volume tertiary referral center capable of advanced cardiac surgery, including heart transplantation and the implantation of durable left ventricular assist device (LVAD), where approximately 1,000 adult cardiothoracic surgeries are performed annually.



2.4 Hemodynamic and AKI management

In our institution, hemodynamic management was guided by cardiac function in conjunction with specific targets, including a mean arterial pressure (MAP) above 60 mmHg, arterial oxygen saturation above 90%, and venous oxygen saturation above 60% (17).

In cases where CSA-AKI was identified, efforts were made to correct hypotension and low cardiac output, and to optimize fluid balance (10, 18). Loop diuretics were the first-line treatment used to prevent or manage fluid overload in patients with AKI; however, when diuretic response was poor and rapid correction of fluid overload was necessary, renal replacement therapy (RRT) was initiated (19).



2.5 Weaning protocols for MCS

The decannulation process from V-A ECMO was guided by hemodynamic stability, defined as a MAP >60 mmHg with minimal inotropic support, V-A ECMO flow <3 L/min, and sustained arterial pulsatility with a pulse pressure >20 mmHg for more than 24 h (20, 21). V-A ECMO flow was reduced in 1 L/min increments with 10-minute assessments at each level, down to a minimum of 0.5 L/min. Final evaluation at 0.5 L/min focused on cardiac function. LVAD weaning followed modified Berlin criteria, including a left ventricular ejection fraction (LVEF) >45% and left ventricular end-diastolic diameter (LVDd) <55 mm; however, elective explantation was considered in selected patients with LVEF >30% and no hemodynamic deterioration during the pump-off test (22).



2.6 Statistical analysis

Descriptive statistics were reported as the median [interquartile range] for continuous variables, as normality was not confirmed through histograms. Categorical variables were presented as counts (percentages). The Kruskal–Wallis test was applied to compare continuous variables between groups, while Fisher's exact test was employed for categorical variables. An unadjusted survival analysis comparing the two groups based on the occurrence of rapid-onset AKI was conducted using the Kaplan–Meier method. A multivariable Cox regression analysis was conducted to explore the association between rapid-onset AKI and 90-day survival. Factors included in the Cox model were determined based on previous studies. The factors included in the Cox models are as follows: age (per 10-year increase), primary diagnosis of aortic disease, lactate levels at 24 h after ICU admission, CPB duration (per hour increase), and postoperative LVEF (per 10-% increase) (1–3, 7, 23, 24). The hazard ratio (HR) is presented with 95% confidence intervals (95% CIs). Statistical analyses were conducted at a two-sided 5% significance level. Although this study had a small sample size, a multivariable Cox analysis was conducted while acknowledging the potential risks of multicollinearity and overfitting. All statistical analyses were performed using R version 4.4.2 (The R Foundation for Statistical Computing, Vienna, Austria).




3 Result


3.1 Patients' characteristics

The median age of the patients was 71.0 years [IQR, 57.0–79.0], including 55 males (60.4%) (Table 1). The preoperative left ventricular ejection fraction (LVEF) was 59.0% [IQR, 40.0–65.0], with 19 patients (20.9%) exhibiting an LVEF of less than 35%. A history of cardiac surgery was reported in 28 patients (30.8%), while 34 patients (37.4%) underwent emergency surgery. The primary indications for surgery included valvular disease in 30 patients (33.0%), aortic aneurysm in 15 patients (16.5%), aortic dissection in 13 patients (14.3%) and ischemic heart disease in 26 patients (28.6%). The European System for Cardiac Operative Risk Evaluation (EuroSCORE) II was 11.6 [IQR, 4.9–25.7].


TABLE 1 Patient characteristics and presentation.
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When comparing the rapid-onset AKI group with the non-rapid-onset group, the median age was similar between the two groups (74.0 years [IQR, 62.5–80.2] vs. 71.0 years [IQR, 57.0–8.5], p = 0.430), and there were no significant differences in primary diagnosis or type of surgery. Preoperative serum creatinine levels (1.08 mg/dl [IQR, 0.81–1.39] vs. 0.95 mg/dl[IQR, [0.78–1.21], p = 0.222) and estimated glomerular filtration rate (eGFR; 44.0 ml/min/1.73 m2 [IQR, 29.3–63.2] vs. 50.0 ml/min/1.73 m2 [IQR, 37.5–65.2], p = 0.242) were also comparable. However, LVEF was significantly lower in the rapid-onset AKI group (42.5% [IQR, 28.8–58.5] vs. 60.0% [IQR, 45.0–65.0], p = 0.006).

For the overall cohort, the median durations of surgery, CPB, and cardiac arrest were 518 min [IQR, 354–634], 258 min [IQR, 176–362], and 141 min [IQR, 87–176], respectively. Unplanned intraoperative additional coronary artery bypass grafting was conducted in 20 cases (22.0%). The primary indications for V-A ECMO included failure to wean from CPB in 42 cases (46.2%), post-CPB heart failure in 34 cases (37.4%), and arrhythmias in 15 cases (16.5%). All arrhythmias occurred following failure to wean from cardiopulmonary bypass and were associated with cardiac arrest. These events were managed in the operating room, where all cardiac arrests were promptly treated with the initiation of V-A ECMO.

Peripheral V-A ECMO was employed in 76 patients (83.5%). 45 patients (49.5%) did not undergo any LV unloading. In comparison, 39 patients (42.9%) were supported with an IABP, two patients (2.2%) with an Impella device, and another five patients (5.5%) with left atrial (LA) or LV unloading. V-A ECMO was used as the primary modality of mechanical circulatory support in all patients. No patients were treated with IABP or Impella alone prior to V-A ECMO initiation.

When comparing the two groups, the rapid-onset AKI group showed longer operative time (604 min [IQR, 488–707] vs. 503 min[IQR, 315–598], p = 0.012) and CPB time (332 min [IQR, 240–420] vs. 245 min [IQR, 170–323], p = 0.009).



3.2 Postoperative clinical outcomes

The results at ICU admission and 24 h after ICU admission are presented in Table 2. The V-A ECMO flow index at ICU admission was 2.1 L/min/m2 [IQR, 1.7–2.5], with 42 patients (46.2%) receiving a V-A ECMO flow index greater than 2.4 L/min/m2. RRT was initiated within 24 h after surgery for four patients (4.4%) and at 24 h after ICU admission. The median postoperative LVEF at 24 h after ICU admission was 35.0 [IQR, 25.0–45.0], and 43 patients (47.3%) had an LVEF of 30% or less.


TABLE 2 Early postoperative results: types of PCCS and hemodynamic parameters.
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The two groups showed no significant differences in V-A ECMO flow, flow index, mixed venous oxygen saturation, or lactate levels at ICU admission. However, the VIS was higher in the rapid-onset AKI group (12.3 [IQR, 7.1–27.2] vs. 6.0 [IQR, 4.0–13.2], p = 0.007). At 24 h after ICU admission, lactate levels were significantly elevated in the rapid-onset AKI group (3.3 mmol/L [IQR, 1.8–4.3] vs. 2.0 mmol/L [IQR, 1.6–3.3], p = 0.02).

A total of nine patients (15.8%) were classified as Stage 2 and fifteen (26.3%) as Stage 3 AKI within 24 h postoperatively and were therefore categorized into the rapid-onset AKI group (Table 3). Ten patients (11.0%) were upgraded to an Ex-VAD and four (4.4%) received Impella in a delayed fashion within one week after the initiation of V-A ECMO. The weaning process from mechanical circulatory support (MCS), including V-A ECMO, Impella, and Ex-VAD, was completed in 78 patients (85.7%). Of these, 67 patients (85.9%) met the criteria for successful weaning, defined as survival for at least 30 days following device removal. In addition, two patients were transitioned to a durable LVAD. The median duration of MCS was 3.0 days [IQR, 2.0–7.0].


TABLE 3 Clinical outcome.
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The success rate of MCS weaning was lower in the rapid-onset AKI group compared to the non-rapid-onset group (61.1% vs. 93.3%, p = 0.002), and the duration of MCS support was significantly longer (6.0 days vs. 2.0 days, p = 0.001). Complications during MCS support occurred in 19 patients (20.9%).

Ninety-day mortality was observed in 31 patients (34.1%) overall and was significantly higher in the rapid-onset AKI group (70.8% vs. 20.9%, p < 0.001).

During MCS management, bleeding events were more frequent in the rapid-onset AKI group (20.8% vs. 1.5%, p = 0.005), and the mortality rate during MCS support or within 30 days after weaning from MCS was higher (54.2% vs. 13.4%, p = 0.058). The most common cause of death was multiorgan failure (29.2% vs. 11.9%, p = 0.103), followed by bleeding-related events (16.7% vs. 0%, p = 0.005).



3.3 Survival analysis

Kaplan–Meier analysis showed a significantly lower 90-day cumulative survival probability in the rapid-onset AKI group (29.1% [95% confidence interval (CI): 15.6–54.4]) compared to the non-rapid-onset AKI group (79.1% [95% CI: 69.9–89.4], p < 0.001) (Figure 2). Multivariate Cox regression analysis identified the occurrence of rapid-onset AKI (adjusted hazard ratio [aHR]: 3.15, 95% CI: 1.38–7.19, p = 0.006) (Table 4). Other factors associated with 90-day mortality included age (per 10-year increase, adjusted hazard ratio [aHR]: 1.32, 95% CI: 1.00–1.73, p = 0.048), a primary diagnosis of aortic dissection (aHR: 2.72, 95% CI: 1.18–6.27, p = 0.019), and postoperative LVEF (per 10% increase, aHR: 0.49, 95% CI: 0.30–0.79, p = 0.004).
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FIGURE 2
90-day survival in patients with post-cardiotomy cardiogenic shock stratified by incidence of rapid-onset AKI.



TABLE 4 Cox multivariate analysis between rapid-onset postoperative kidney injury and 90-day mortality.
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4 Discussion

In our study, patients with rapid-onset AKI—defined as KDIGO Stage 2 or higher within 24 h of ICU admission—had lower preoperative cardiac function, longer CPB times, and required prolonged MCS compared to those without AKI. Although mortality during MCS support did not differ significantly between groups, the 30-day survival rate after weaning was significantly lower in the rapid-onset AKI group. Multivariate Cox analysis confirmed rapid-onset AKI as an independent predictor of 90-day mortality. The leading causes of death were multiorgan failure and bleeding.

It is well-known that increases in creatinine levels and the incidence of AKI after cardiac surgery negatively impact both short-term and long-term prognosis. Approximately 80% of patients undergoing V-A ECMO for cardiogenic shock develop AKI, with in-hospital mortality rates around 26% for AKI stage 1 and exceeding 60% for AKI stage 2 or higher. Moreover, reports suggest that combining the Society for Cardiovascular Angiography and Interventions (SCAI) shock stage with the AKI stage can effectively predict in-hospital mortality (14).

In this study, we focused on cases in which stage 2 or higher AKI developed within 24 h after cardiac surgery and identified an association with reduced 90-day survival. AKI occurring within this early postoperative window likely reflects systemic stress responses such as intraoperative and immediate postoperative hypoperfusion, ischemia-reperfusion injury, and acute inflammation (25). These processes suggest that Rapid-onset AKI represents not only a change in renal function but also an early indicator of systemic deterioration and multiorgan dysfunction.

Although the use of additional MCS devices, including Ex-VAD and Impella, was comparable between groups, the rapid-onset AKI group exhibited a significantly longer duration of MCS support and a lower successful weaning rate of only 61.1%. The combined effects of AKI-associated multiorgan failure, MCS-related hemorrhagic events, and postoperative low cardiac output may explain these findings. The presence or absence of AKI within 24 h postoperatively may serve as a valuable predictor of short-term outcomes and support early postoperative risk stratification. It may also provide a rationale for timely interventions, including enhanced bleeding risk management and organ failure prevention. Recent studies have proposed revising the definition of AKI specifically for cardiac surgery patients, suggesting that using a higher threshold for serum creatinine change (0.55 mg/dl) than the conventional criteria may improve the accuracy of prognostic prediction (26). This raises the possibility that, in the context of postcardiotomy syndrome (PCS), both the timing of AKI onset and its severity should be reconsidered to better reflect patient outcomes.

In the present study, postoperative cardiac dysfunction was also associated with poor prognosis. In this patient population, the use of MCS is intended not only to promote the recovery of multiple organ dysfunction but also to serve as a bridge to long-term therapies such as durable LVAD or heart transplantation. Our findings showed a high mortality rate following MCS weaning, suggesting that the ability to discontinue MCS does not necessarily indicate sufficient recovery from organ dysfunction. Moreover, this may imply that, in some patients, MCS did not adequately fulfill its role as a bridge-to-bridge (BTB) strategy.

When recovery from organ failure is inadequate at the time MCS weaning criteria are met, the decision to proceed with weaning often requires careful discussion among the clinical team. In elderly patients or those with MCS-related complications, weaning may be selected despite incomplete recovery, potentially leading to deterioration of organ function and subsequent death. This context may also explain why multiple organ failure and bleeding events were frequently identified as causes of death in our cohort.

Although early recovery from multiorgan failure is desirable and higher flow support might be beneficial, achieving this can be challenging in patients with PCCS, V-A ECMO may increase afterload, potentially leading to complications such as pulmonary congestion and left ventricular thrombus formation. Management strategies for such cases include using direct left ventricular venting methods, such as Impella or central V-A ECMO combined with LA/LV venting (27). However, these approaches carry risks of bleeding and hemolysis, which may further worsen AKI, requiring careful consideration (28–32). Furthermore, a unique aspect of clinical practice in Japan is that durable LVAD and heart transplantation are generally not indicated for patients aged 65 years or older, or for those with significant organ dysfunction. As a result, aggressive treatment, including the use of MCS as a bridge-to-bridge (BTB) strategy, may not be pursued in such cases. In our study, 63.7% of the patients were aged ≥65 years, and a significant number of deaths occurred within 30 days after MCS weaning, which may have influenced the overall outcomes. Nevertheless, the increased use of devices such as Impella in Japan since 2019 suggests that treatment strategies combining multiple MCS modalities will likely play an increasingly important role in improving survival rates.

Additionally, in patients with organ dysfunction such as AKI and those aged ≥65 years, durable LVADs are not indicated in Japan, and in some cases, aggressive treatment may not be pursued. In the present study, 63.7% of the patients were aged ≥65 years, and many deaths occurred within 30 days after MCS weaning, which likely influenced the outcomes. Nevertheless, with the increased use of devices such as Impella in Japan since 2019, treatment strategies that combine various MCS modalities are expected to become increasingly important in improving survival.



5 Limitations

This study has several limitations. First, as a single-center retrospective observational study, the generalizability of the findings is limited. It remains unclear whether similar trends would be observed in patient populations from other institutions or regions; therefore, further multicenter studies are needed to confirm the external validity of the results. Although multivariate analysis was used to adjust for confounding factors, the potential influence of unmeasured confounders cannot be ruled out. Additionally, the sample size of this study was limited, and due to its inherent nature, a comprehensive evaluation of all relevant factors was challenging. Thus, it is important to consider that unknown factors may also affect the prognosis. Furthermore, this study could not investigate the impact of rapid left ventricular unloading on prognosis. Given these limitations, careful interpretation of the study findings is warranted, and future multicenter collaborative studies and prospective research are needed to provide higher-quality evidence.



6 Conclusion

Rapid-onset AKI, defined as KDIGO Stage 2 or higher within 24 h of ICU admission, was significantly associated with increased 90-day mortality in patients with postcardiotomy cardiogenic shock requiring V-A ECMO.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Ethics Committee of the National Cerebral and Cardiovascular Center. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

NT: Conceptualization, Investigation, Methodology, Visualization, Writing – original draft, Writing – review & editing. KS: Conceptualization, Funding acquisition, Project administration, Resources, Supervision, Writing – review & editing. KT: Data curation, Formal analysis, Investigation, Writing – original draft. YT: Conceptualization, Data curation, Methodology, Writing – original draft. RK: Data curation, Investigation, Writing – original draft. SF: Conceptualization, Data curation, Supervision, Validation, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was partly supported by the Intramural Research Fund for Cardiovascular Diseases of National Cerebral and Cardiovascular Center (24-B-7) and the research grant from JST (JPMJPF2018). The authors confirm that these parties did not influence the study design, article contents, or journal selection.



Conflict of interest

KS received research funding from Abiomed Inc., NTT Research, Inc., Asahi Kasei ZOLL Medical Corporation, Neuroceuticals Inc., and Zeon Medical Inc., and honoraria from Abiomed Japan K.K. and Mallinckrodt Pharma K.K.

The remaining 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.



Generative AI statement

The author(s) declare that Generative AI was used in the creation of this manuscript. English editing of this manuscript was performed using ChatGPT-4.0 (OpenAI), which was employed solely for the purpose of language correction and refinement. No content generation or interpretation of scientific results was conducted using AI tools. All scientific content was created and validated by the authors.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Wang L, Wang H, Hou X. Clinical outcomes of adult patients who receive extracorporeal membrane oxygenation for postcardiotomy cardiogenic shock: a systematic review and meta-analysis. J Cardiothorac Vasc Anesth. (2018) 32:2087–93. doi: 10.1053/j.jvca.2018.03.016

2. Fux T, Holm M, Corbascio M, Lund LH, van der Linden J. Venoarterial extracorporeal membrane oxygenation for postcardiotomy shock: risk factors for mortality. J Thorac Cardiovasc Surg. (2018) 156:1894–1902.e3. doi: 10.1016/j.jtcvs.2018.05.061

3. Formica F, D’Alessandro S, Sangalli F. Arterial lactate level: a simple and effective tool during extracorporeal membrane oxygenation. J Thorac Cardiovasc Surg. (2019) 157:e265–6. doi: 10.1016/j.jtcvs.2018.11.120

4. Papadopoulos N, Marinos S, El-Sayed Ahmad A, Keller H, Meybohm P, Zacharowski K, et al. Risk factors associated with adverse outcome following extracorporeal life support: analysis from 360 consecutive patients. Perfusion. (2015) 30:284–90. doi: 10.1177/0267659114542458

5. Van Diepen S, Katz JN, Albert NM, Henry TD, Jacobs AK, Kapur NK, et al. Contemporary management of cardiogenic shock: a scientific statement from the American heart association. Circulation. (2017) 136:e232–68. doi: 10.1161/CIR.0000000000000525

6. Ghionzoli N, Sciaccaluga C, Mandoli G, Vergaro G, Gentile F, D’Ascenzi F, et al. Cardiogenic shock and acute kidney injury: the rule rather than the exception. Heart Fail Rev. (2021) 26:487–96. doi: 10.1007/s10741-020-10034-0

7. Bouisset B, Pozzi M, Ruste M, Varin T, Vola M, Rodriguez T, et al. Cardiopulmonary bypass blood flow rates and major adverse kidney events in cardiac surgery: a propensity score-adjusted before-after study. J Cardiothorac Vasc Anesth. (2024) 38:2213–20. doi: 10.1053/j.jvca.2024.07.019

8. Lankadeva YR, Cochrane AD, Marino B, Iguchi N, Hood SG, Bellomo R, et al. Strategies that improve renal medullary oxygenation during experimental cardiopulmonary bypass may mitigate postoperative acute kidney injury. Kidney Int. (2019) 95:1338–46. doi: 10.1016/j.kint.2019.01.032

9. Jentzer JC, Bihorac A, Brusca SB, Del Rio-Pertuz G, Kashani K, Kazory A, et al. Contemporary management of severe acute kidney injury and refractory cardiorenal syndrome: JACC council perspectives. J Am Coll Cardiol. (2020) 76:1084–101. doi: 10.1016/j.jacc.2020.06.070

10. Scurt FG, Bose K, Mertens PR, Chatzikyrkou C, Herzog C. Cardiac surgery–associated acute kidney injury. Kidney360. (2024) 5:909. doi: 10.34067/KID.0000000000000466

11. Chawla LS, Eggers PW, Star RA, Kimmel PL. Acute kidney injury and chronic kidney disease as interconnected syndromes. N Engl J Med. (2014) 371:58–66. doi: 10.1056/NEJMra1214243

12. Molitoris BA. Therapeutic translation in acute kidney injury: the epithelial/endothelial axis. J Clin Invest. (2014) 124:2355–63. doi: 10.1172/JCI72269

13. Neyra JA, Hu MC, Minhajuddin A, Nelson GE, Ahsan SA, Toto RD, et al. Kidney tubular damage and functional biomarkers in acute kidney injury following cardiac surgery. Kidney Int Rep. (2019) 4:1131–42. doi: 10.1016/j.ekir.2019.05.005

14. Li C, Wang Y, Wang X, Shao C, Xin M, Xu B, et al. Acute kidney injury and cardiogenic shock severity for mortality risk stratification in patients supported with VA ECMO. ESC Heart Fail. (2024) 11:3872. doi: 10.1002/EHF2.14967

15. Kellum JA, Lameire N, Aspelin P, Barsoum RS, Burdmann EA, Goldstein SL, et al. KDIGO clinical practice guideline for acute kidney injury. Kidney Int Suppl (2011). (2012) 2:1–138. doi: 10.1038/KISUP.2012.1

16. Rao P, Khalpey Z, Smith R, Burkhoff D, Kociol RD. Venoarterial extracorporeal membrane oxygenation for cardiogenic shock and cardiac arrest. Circ Heart Fail. (2018) 11:e004905. doi: 10.1161/CIRCHEARTFAILURE.118.004905

17. Richardson ASC, Tonna JE, Nanjayya V, Nixon P, Abrams DC, Raman L, et al. Extracorporeal cardiopulmonary resuscitation in adults. Interim guideline consensus statement from the extracorporeal life support organization. ASAIO J. (2021) 67:221–8. doi: 10.1097/MAT.0000000000001344

18. Rangaswami J, Bhalla V, Blair JEA, Chang TI, Costa S, Lentine KL, et al. Cardiorenal syndrome: classification, pathophysiology, diagnosis, and treatment strategies: a scientific statement from the American heart association. Circulation. (2019) 139:E840–78. doi: 10.1161/CIR.0000000000000664

19. Costanzo MR, Ronco C, Abraham WT, Agostoni P, Barasch J, Fonarow GC, et al. Extracorporeal ultrafiltration for fluid overload in heart failure: current Status and prospects for further research. J Am Coll Cardiol. (2017) 69:2428–45. doi: 10.1016/j.jacc.2017.03.528

20. Keller SP. Management of peripheral venoarterial extracorporeal membrane oxygenation in cardiogenic shock. Crit Care Med. (2019) 47:1235–42. doi: 10.1097/CCM.0000000000003879

21. Koziol KJ, Isath A, Rao S, Gregory V, Ohira S, Van Diepen S, et al. Extracorporeal membrane oxygenation (VA-ECMO) in management of cardiogenic shock. J Clin Med. (2023) 12:5576. doi: 10.3390/jcm12175576

22. Drakos SG, Mehra MR. Clinical myocardial recovery during long-term mechanical support in advanced heart failure: insights into moving the field forward. J Heart Lung Transplant. (2016) 35:413–20. doi: 10.1016/j.healun.2016.01.001

23. Karim H, Yunus M, Saikia M, Kalita J, Mandal M. Incidence and progression of cardiac surgery-associated acute kidney injury and its relationship with bypass and cross clamp time. Ann Card Anaesth. (2017) 20:22. doi: 10.4103/0971-9784.197823

24. Kowalewski M, Zieliński K, Brodie D, Maclaren G, Whitman G, Raffa GM, et al. Venoarterial extracorporeal membrane oxygenation for postcardiotomy shock—analysis of the extracorporeal life support organization registry∗. Crit Care Med. (2021) 49:1107–17. doi: 10.1097/CCM.0000000000004922

25. Yang X, Zhu L, Pan H, Yang Y. Cardiopulmonary bypass associated acute kidney injury: better understanding and better prevention. Ren Fail. (2024) 46:2331062. doi: 10.1080/0886022X.2024.2331062

26. Zeng J, Su X, Lin S, Li Z, Zhao Y, Zheng Z. Cardiac surgery-specific subtle perioperative serum creatinine change in defining acute kidney injury after coronary surgery. JACC Adv. (2024) 3:101326. doi: 10.1016/J.JACADV.2024.101326

27. Ezad SM, Ryan M, Donker DW, Pappalardo F, Barrett N, Camporota L, et al. Unloading the left ventricle in venoarterial ECMO: in whom, when, and how? Circulation. (2023) 147:1237–50. doi: 10.1161/CIRCULATIONAHA.122.062371

28. Thiele H, Jobs A, Ouweneel DM, Henriques JPS, Seyfarth M, Desch S, et al. Percutaneous short-term active mechanical support devices in cardiogenic shock: a systematic review and collaborative meta-analysis of randomized trials. Eur Heart J. (2017) 38:3523–31. doi: 10.1093/eurheartj/ehx363

29. Biancari F, Kaserer A, Perrotti A, Ruggieri VG, Cho SM, Kang JK, et al. Central versus peripheral postcardiotomy veno-arterial extracorporeal membrane oxygenation: systematic review and individual patient data meta-analysis. J Clin Med. (2022) 11:7406. doi: 10.3390/jcm11247406

30. Vetrovec GW, Kaki A, Dahle TG. A review of bleeding risk with impella-supported high-risk percutaneous coronary intervention. Heart Int. (2020) 14:92. doi: 10.17925/HI.2020.14.2.92

31. Djordjevic I, Eghbalzadeh K, Sabashnikov A, Deppe AC, Kuhn E, Merkle J, et al. Central vs peripheral venoarterial ECMO in postcardiotomy cardiogenic shock. J Card Surg. (2020) 35:1037–42. doi: 10.1111/jocs.14526

32. Van Edom CJ, Gramegna M, Baldetti L, Beneduce A, Castelein T, Dauwe D, et al. Management of bleeding and hemolysis during percutaneous microaxial flow pump support: a practical approach. Cardiovasc Interv. (2023) 16:1707–20. doi: 10.1016/j.jcin.2023.05.043



OPS/images/fcvm-12-1580599-t003.jpg
Variable Category Overall Rapid-onset
postoperative AKI
2

24 (100.0)

No rapid-onset P
postoperative AKI value
67
33 (493)

n 91
Incidence of AKI at 24 h after 57 (62.6)
ICU admission

AKI stage at 24 h after ICU
admission

33(57.9) 0(00) 33 (100.0)

Stage 2 9(158) 9(375) 0(00)

Stage 3 15 (263) 15 (62.5) 0(0.0)
Initiation of RRT within 24 h 4 (4.4) 4 (16.7) 0 (0.0) 0.005
Total Urine Output in the First 2270 621 (244, 1,410] 2,917 [1,956, 4,193] <0.001
24h (1,244, 3,606]
Urine output, ml/kg/hr. 16 (0.8, 26] 0402, 08] 19(13,29] <0.001
Use of Lasix 28 (30.8) 4 (16.7) 24 (35.8) 0.137

Overall initiation of RRT 32(352) 20 (83.3) 12 17.9)

ECMO outcomes
Up-grade to Ex-VAD 10 (11.0) 5 (20.8) 5(7.5) 0157
Add Impella 4(44) 2(83) 20 0.606
MCS weaning (ECMO/Impella/Ex-VAD) 78 (85.7) 18 (75.0) 60 (89.6) 0.159
Successful weaning 67 (85.9) 11 (61.1) 56 (93.3) 0.002
Conversion to durable LVAD 22 0(00) 2(30) 0.964
Total MCS support duration, days 30 [20,70] 60 [30,202] 20(15, 55 0.001

Incidence of complication on MCS support 19 (20.9) 10 (41.7) 9(13.4) 0.009

Type of i i i 8(88) 4(167) 4(60) 0243

6(6.6) 5(208) 1(15) 0.005

Vascular injury 2(2) 1(42) 1(15) 1000

LA thrombosis 3(33) 0(0.0) 3 (45) 0.698

In-hospital mortality 30 (33.0) 17 (70.8) 13 (19.4) <0.001

Mortality on MCS. 11 (12.1) 6(250) 5(75) 0.058

Mortality on MCS or death within 30 days after 22242 13 (542) 9(13.4) <0.001

90-days mortality 31340 17 (70.8) 14 (209) <0.001

Cause of Mortality Multiple Organ Dysfunction 15 (16.5) 7(292) 8(11.9) 0.103
Syndrome

Sepsis 6(6.6) 3(125) 345) 0379

event 4(44) 4(167) 0(00) 0.005

Neurological event 5(55) 2(83) 345) 0.850

Other event 1011 142 0(00) 059

Data are presented as medians [interquartile ranges] or numbers. AKI, Acute kidney injury; ECMO, Extracorporeal membrane oxygenation; ex-VAD, Extracorporeal ventricular assist device;
LVAD, Left ventricular assist device; MCS, Mechanical circulatory support; RRT, Renal replacement therapy.





OPS/images/fcvm-12-1580599-t004.jpg
Variable

Incidence of Rapid-onset postoperative AKT

Hazard ratio
(95% Cl)
3.15 (1.38, 7.19)

Age (per 10 years)

1.32 (1.00, 1.73)

Primary diagnosis of aortic dissection

272 (118, 6.27)

c bypass time (per 1 h)

1.05 (092, 1.21)

Lactate level at 24 h after ICU admission

116 (091, 1.48)

LVEF at 24 h postoperatively (for every
10% increase)

0.49 (0.30, 0.79)

AKI, acute kidney injury; LVEF, left ventricular ejection fraction.
Bold values indicate statistical significance (p < 0.05).






OPS/images/fcvm-12-1580599-t001.jpg
No rapid-onset
postoperative AKI
67
710 [57.0, 785]
16 (66.7)

Variable Category Rapid-onset
postoperative AKI
24
740 [625, 80.2]
42 (62.7)

710 [57.0, 79.0]
58 (63.7)

55 (60.4)

18 (75.0) 37 (55.2)

Female 36 (39.6) 6(25.0) 30 (44.8)

Body surface area, m* 167 (150, 1.79] 167 [1.53, 1.79] 167 (150, 179] 0811
Hypertension 49 (53.8) 16 (66.7) 33 (49.3) 0.219
Hyperlipidemia 29 (31.9) 10 (41.7) 19 (28.4) 0344
Insulin-dependent diabetes 6(66) 2(83) 4(60) 1.000
Past Smoker 28 (308) 7(292) 21 (31.3) 1.000
Chronic lung disease 11 (2.1) 3(125) 8(11.9) 1.000
Preoperative Creatinine, mg/dl 097 [0.79, 1.29] 108 (081, 1.39] 095 [0.78, 121] 0222
Estimated Glomerular Filtration 490 [34.7, 65.0] 440 (293, 632] 500 (375, 652] 0242
Rate, ml/min/1.73 m’
Recent myocardial infarction 22(242) 3(125) 19 (28.4) 0201

590 [40.0, 65.0] 425 2838, 58.5] 60.0 [45.0, 65.0] 0.006

19 (20.9) 9 (37.5) 10 (14.9)

15 (16.5) 5 (20.8) 10 (14.9)

Class I 33 (363) 8(333) 25 (37.3)
Class 111 23(25.3) 7(292) 16 (23.9)
Class IV 20 (22.0) 4(167) 16 (23.9)

History of Previous Cardiac Surgery
Urgency

28 (308) 11 (45.8) 17 (25.4)

Elective 48 (52.7) 11 (45.8) 37 (55.2)
Urgent 9(99) 4(167) 5(7.5)

34 (37.4) 9 (375) 25 (37.3)

Emergency

Primary diagnosis

Valve-related cardiac
disease

Aortic aneurysm 15 (16.5) 6(250) 9 (134) 0322
Aortic dissection 13 (14.3) 6(25.0) 7 (104) 0.159
Ischemic heart disease 26 (28.6) 5(20.8) 21 (31.3) 0475

30 (33.0) 7(292) 23 (343)

Thromboembolic 4(44) 0(0.0) 4(6.0) 0520

Pulmonary disease

Cardiac tumor 3(33) 0(0.0) 3(45) 0.698
Type of surgery 0.127

Graft Replacement for 28 (308) 12 (50.0) 16 (23.9)

aortic disease

Valve surgery 24 (264) 4(167) 20 (299)

AMI complication repair 15 (165) 2(83) 13 (19.4)

Coronary surgery 10 (11.0) 3(125) 7 (104)

Coronary and Valve 707 3(125) 4(60)

surgery

Pulmonary thrombectomy 4 (44) 0(0.0) 4(6.0)

Tumor resection 3(3) 0(0.0) 3(45)
EuroSCORE 1T 116 [49, 25.7] 148 [6.7, 42.1] 9.9 [37, 21.4] 0.081
Operation time, min 518 [354, 634] 604 [488, 707] 503 (314, 598] 0012
Cardiopulmonary bypass time, min 258 (176, 362] 332 (240, 420] 245 (170, 323] 0.009
Arrest time, min 141 [87, 176] 156 117, 192] 127 85 172] 0214
Unplanned additional CABG 20 (22.0) 6(25.0) 14 20.9) 0897

Data dians [i il or numbers (%). AKI, acute kidney injury; AMI, Acute myocardial infarction; CABG, coronary artery bypass grafting; EuroScore, European

system for cardiac operative risk evaluation; LVEF, left ventricular ejection fraction; NYHA, New York heart association.





OPS/images/fcvm-12-1580599-t002.jpg
Variable Category Overall Rapid-onset No rapid-onset

postoperative AKI postoperative AKI
n 91 24 67
Reasons for ECMO 0327
Unable to wean CPB 42 (462) 9(37.5) 33 (493)
HEF after CPB 34 (374) 12 (50.0) 22 (32.8)
Arrythmia 15 (165) 3(125) 12 (17.9)
Type of heart failure 0256
LV failure 51 (56.0) 12 (50.0) 39 (58.2)
RV failure 13 (143) 3(125) 10 (14.9)
Biventricular failure 12 (132) 6 (25.0) 6 (9.0)
VIS Score Just Before ECMO 210 [95, 35.0] 319 [13.0, 590] 17.0 (8.0, 312 0028
Initiation
VIS score 24 just before ECMO 42 (46.2) 15 (6255) 27 (40.3) 0102
initiation
ECMO selection 0103
Peripheral ECMO 76 (835) 17 (708) 59 (88.1)
Central ECMO 15 (16.5) 7(292) 8 (11.9)
Primary LV unloading device 0019
None 45 (495) 14 (583) 31 (46.3)
TABP 39 (429) 7(292) 32 (47.8)
Impella 202 2(83) 0(0.0)
LA drainage 1(LY) 1(42) 0(0.0)
LV drainage 4(44) 0 (0.0) 4 (6.0)
ECMO
AUICU admission ECMO flow, L/min 35 [26,4.1] 31 [24,43] 35 (3.0, 40] 0586
ECMO flow index, 21 (17,25 21 [L5,24] 22(17,25] 0402
Limin/m2
At 24 h after ICU admission | ECMO flow, L/min 34 [25,41] 35 [24,38] 33 (25,42 0850
ECMO flow index, 20 (16,25 20 [18,22] 20(16,25] 0931
Limin/m2
ALICU admission Mixed venous oxygen 812 [75.0, 87.0] 812 [75.7, 853] 812 [742,872] 0736
saturation
Lactate level, mmol/L 53 [35,7.5] 56 [4.0,7.5] 53(35,73] 0753
hemaoglobin, g/dl 99 [92, 10.8] 9.7 87, 110] 99 [93, 1038] 0463
VIS score 80 (50, 18.4] 123 [7.1,27.2] 60 [40,132] 0007
At 24 h after ICU admission | Mixed venous oxygen 78.1 [73.0, 84.0] 790 [71.0, 87.0] 780 [7338, 822] 0.668
saturation, %
Lactate level 24[16,35] 33 (18, 43] 20(16,33] 0020
‘Hemoglobin 106 (100, 11.0] 105 99, 108 106 (101, 11.1] 0087
VIS score 88 [49, 150] 87(52,15.1] 9.8 [43, 146] 0528
LVEF at 24 h after ICU 350 [250, 45.0] 250 [25.0, 350] 350 [250, 45.0] 0007
admission
LVEF <30% at 24 h after ICU 43 (473) 16 (66.7) 27 (40.3) 0047
admission
Total Bilirubin AUICU admission 17 [11,22] 18 [11,23] 17 12,21] 0853
AL24 h after 25(20,37] 23(20,3.7] 25(20,37) 0586
ICU admission

Data edians i il or numbers (%). AKI, acute kidney injury; CPB, cardi ypass; ECMO, ion; HF, heart failure;
ICU, intensive care unit; LA, left atrium; LV, left ventride; LVEF, left ventricular ejection fraction; RV, right ventride; VIS, vasoactive inotropic score.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Rapid-onset postoperative acute kidney injury is associated with mortality in patients with postcardiotomy cardiogenic shock

		1 Introduction



		2 Materials and methods



		2.1 Study design, cohort, and data collection



		2.2 Criteria and hemodynamic assessment for V-A ECMO initiation in PCCS patients



		2.3 Mechanical circulatory system selection



		2.4 Hemodynamic and AKI management



		2.5 Weaning protocols for MCS



		2.6 Statistical analysis











		3 Result



		3.1 Patients' characteristics



		3.2 Postoperative clinical outcomes



		3.3 Survival analysis











		4 Discussion



		5 Limitations



		6 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Rapid-onset postoperative acute
kidney injury is associated with
mortality in patients with
postcardiotomy cardiogenic shock





OPS/images/fcvm-12-1580599-g001.jpg
Cardiothoracic surgery using

cardiopulmonary bypass

1 January 2018 to 31 December 2023
(n=6208)

(0=110:

Patients requiring postoperative V-A ECMO

Excluding

Dialysis-dependent (n=3)
'V-A ECMO for non-cardiac
reasons (bleeding, n=2)
Heart transplant (n=8)
Missing data (n=6)

Patients with postoperative cardiogenic shock
requiring V-A ECMO (not on dialysis)

(@=91; 1.5%)
Rapid-onset No rapid-onset
postoperative AKI postoperative AKI
(n=24) (@=71)






OPS/images/fcvm-12-1580599-g002.jpg
(%)

]
3
<)
<
]
z
c
5
7]
o
z
s
S
=
5
o

Rapid-onset AKI

100%-

75%-

50%-

25%-

0%-

Yes

No

24

67

Rapid-onset AKI -+ Yes == No

90-day survival
29.1% [95% ClI: 15.6-54.4]

Rapid-onset:

No Rapid-onset: 79.1% [95% CI:

p <0.0001

30

59
30

9.9-89.4]

60
Time (days)

57

60
Time (days)

90

920









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





