

[image: image1]
Continuous Renal Replacement Therapy With Adsorbing Filter oXiris in Acute Kidney Injury With Septic Shock: A Retrospective Observational Study
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Background and Objective: Sepsis/septic shock-associated acute kidney injury (S-AKI) is associated with prolonged kidney recovery and extremely high mortality. Extracorporeal blood purification therapy for the removal of endotoxin and cytokines might benefit patients with S-AKI. The purpose of this study was to compare the efficacy of adsorbing filter oXiris in the treatment of S-AKI.

Design, Setting, Participants, and Measurements: This was a retrospective observational study conducted from September 2017 to June 2020 in ICU. All patients received CRRT for ≥24 h. The primary outcomes were mortality. The secondary outcomes included cardiovascular SOFA score and vasoactive-inotropic score (VIS), the SOFA, the reduction of inflammatory mediators.

Results: A total of 136 septic shock patients with AKI were included. The interventional group (oXiris group; n = 70) received CRRT with endotoxic and cytokine adsorption function hemofilter (oXiris), while the control group (ST150 group; n = 66) was treated with the ST150 hemofilter. The early mortality in 7 and 14 days was significantly lower in oXiris group compared with ST150 group (7 days: 47.1 vs. 74.2%, P = 0.007; 14 days: 58.5 vs. 80.3%, P = 0.005), but the difference was not significant in 90-day mortality (71.4 vs. 81.8%, P = 0.160). Additionally, the reduction of the SOFA score in the oXiris group at 24, 48, and 72 h CRRT was significantly faster than that in the controlled group. Meanwhile, the reduction of VIS score in the oXiris group compared with the ST150 group at 24 and 48 h after the initiation of CRRT was statistically significant (P < 0.05). Furthermore, the decreases in procalcitonin were greater in the oXiris group than those in the ST150 group at 24, 48, and 72h after initiation of CRRT. Multivariate Cox regression model demonstrated that oXiris (vs. ST150) played a favorably important role in the prognosis of septic shock patients with a hazard ratio (HR) of 0.500 (95% CI: 0.280–0.892; P = 019).

Conclusion: Although no difference was found in 90-day mortality, oXiris might reduce the short-term (<14-day) mortality compared with ST150 groups in septic shock with AKI. Further investigation in randomized controlled trials or high-quality prospective studies is warranted to validate the present findings.
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INTRODUCTION

Acute kidney injury (AKI), the most common complication of sepsis/septic shock in patients admitted to the intensive care unit (ICU) (1), is associated with high morbidity and mortality rates. The occurrence rate of sepsis/septic shock-associated AKI (S-AKI) ranges from 11 to 42% (2). However, this rate exceeds 50% in patients with severe AKI, resulting in higher mortality and prolonged kidney recovery (3). Although the mechanisms involved in S-AKI are not well established, they may involve the following aspects: immunological and autonomic dysregulation, macrovascular and microvascular dysfunction, and abnormal cellular response. Immunological and autonomic dysregulation comorbid with high levels of circulating endotoxin and cytokines accelerating the progression of S-AKI plays an important role (4). The development of S-AKI, caused by immunological dysregulation, is typically divided into two stages. In stage 1 (infection stage), pathogens are recognized by the immune system. The specific components on the surface of pathogens, such as endotoxin—a cell wall component of Gram-negative bacteria (GNB)—are termed pathogen-associated molecular patterns. These can be released into the blood circulation after bacterial lysis. During infection, pathogen-associated molecular patterns are first recognized by receptors expressed on the surface of immune cells (5). This signal activates leukocytes and induces the synthesis and release of pro-inflammatory and anti-inflammatory cytokines, including tumor necrosis factor-alpha (TNF-α), interleukin-1 (IL-1), IL-6, IL-8, and IL-10. The release of a large amount of cytokines in the blood circulation is termed “cytokine storm,” and is the primary cause of multiple organ dysfunction (5, 6). In stage 2, damaged host cells express damage-associated molecular patterns, such as high-mobility-group-box-1 (HMGB1), on their surfaces. Damage-associated molecular patterns are released into the blood circulation and recognized by pattern recognition receptors, which enhance leukocyte activation and cytokine synthesis, and aggravate the progression of uncontrolled immune inflammation (7). Immunization-induced paralysis occurs after the initial cytokine storm (8).

The treatment of S-AKI mainly involves appropriate antimicrobial therapy, initial fluid resuscitation, vasopressor support, and nutritional support. Extracorporeal blood purification therapy for the removal of endotoxin and cytokines is suggested as an adjuvant therapy for sepsis (9). However, there is a lack of positive multicenter randomized controlled trials (RCTs) confirming the currently available clinical evidences (10).

Presently, the hollow-fiber AN69 blood purification device (oXiris; Baxter, IL, United States) containing a higher amount of free positively charged amino groups polyethylenimine grafting has shown high adsorptive competence for endotoxin, cytokines, and other inflammatory mediators. Also, it has exhibited functioning antithrombogenic properties with membrane pregrafted 4,500 UI/m2 heparin and renal replacement therapy (RRT) (11). Currently, some case series have reported encouraging results (12, 13). However, many uncertainties remain around the clinical application of oXiris in patients with S-AKI due to the lack of large prospective studies in Asian patients (14). The purpose of this study was to compare the effectiveness of the oXiris hemofilter for the adsorption of endotoxin and cytokine and conventional hemofilter in patients with S-AKI.



MATERIALS AND METHODS


Trial Design and Setting

This was a retrospective single-center, observational study conducted from September 2017 to June 2020 in West China Hospital of Sichuan University ICU (Chengdu, China). The study was approved by the Institutional Research Ethics Committees of West China Hospital of Sichuan University (Approval No. of the ethics committee: 2020-809), and inquirement for informed consent.



Participants

From September 2017 to June 2020, patients with S-AKI due to Gram-negative bacteria or suspected GNB infection were involved. Continuous venovenous hemofiltration (CVVHDF) using oXiris haemofilter was performed. The patients’ cardiovascular SOFA, disease type and inclusion criteria matched those of a series of selected historical controls who had been treated with CVVHDF using ST150 hemofilter during the same period.

Patients who met the following criteria were eligible to participate: (I) CRRT ≥ 24 h; (II) septic shock; (III) AKI stage 2 or 3; (IV) cardiovascular SOFA score ≥ 3; (V) sepsis due to GNB infection (or suspected GNB infection). Patients with the following characteristics were excluded: (I) AKI associated with chronic kidney disease; (II) immunosuppressive treatment or steroids (prednisone > 0.5 mg/kg/day or equivalent); (III) autoimmune disorder; (IV) coexisting illness with a high probability of death (<6 months); (V) pregnancy; (VI) other modalities of blood purification were used; and (VII) inclusion in another ongoing study within the last 30 days.

Patients with S-AKI (age: 18–75 years; weight: >30 kg) were enrolled. The Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) criteria were used for diagnosis (15). The diagnosis and staging of AKI were determined using the 2012 Kidney Disease Improving Global Outcomes guidelines (16).



Study Interventions

All patients were treated with continuous venovenous hemodiafiltration using a hemofilter, i.e., oXiris (Baxter) or ST150 (Baxter), through a Prismaflex CRRT set (Baxter). Blood flow rates were maintained between 150 and 200 mL/min. The therapeutic dosage was 30–35 mL/kg/h. Heparin and saline priming were applied in two cycles, respectively. Bicarbonate replacement solution (Chengdu Qingshan Likang Pharmaceutical Co., Ltd., Chengdu, China) was administered through a post-dilution method (replacement fluid/dialysate 1:1). Furthermore, the oXiris hemofilter was replaced every 12–24 h, typically after completing 72 h of treatment with oXiris, and then ST150 hemofilter was replaced when patients became stable. For anticoagulation, unfractionated or low molecular weight heparin or regional citrate anticoagulation were utilized. For vascular access, the femoral vein was selected, and a double-lumen 13 F hemodialysis catheter (Baxter) was inserted. Termination of CRRT was performed according to recent studies, that the urine output and serum creatine (SCr) were indicative of kidney recovery (17), vasopressor cessation, increased urine output ≥500 mL/24 h (without diuretics), correction of fluid overload, hemodynamic stability, and the possible need to shift to intermittent hemodialysis due to imminent discharge from the ICU (18).



Data Collection

The follow-up period was 90 days. Clinical data were recorded and collected from the electronic medical records system at baseline, as well as at 24, 48, and 72 h after the initiation of CRRT. The following data were recorded: (1) demographic and clinical characteristics, including age, sex, sites of infection and pathogens, stage of AKI, SOFA score, cardiovascular SOFA score, vasoactive-inotropic score (VIS), filter sessions and duration of use, length of stay in the hospital and ICU, CRRT and hospital expenses, and recovery of kidney function and (2) mean arterial pressure (MAP), mechanical ventilation, some important laboratory measures, such as the hemoglobin, leukocytes (white blood cells), urea (blood urea nitrogen), SCr, C-reactive protein (CRP), IL6, procalcitonin (PCT), hydrogen ion concentration (pH), and lactate.



Assessment Prognosis of Kidney Function

The prognosis of kidney function itemized as complete recovery, partial recovery, and dependence on dialysis. Complete recovery of kidney function was defined as a return to normal levels of SCr and a normal urine test after 90 days of follow-up. Partial recovery of kidney function was defined as no return to normal levels of SCr and/or persistent proteinuria and hematuria after 90 days of follow-up, without the need for hemodialysis. Dependence on dialysis was defined as the need for hemodialysis after 90 days of follow-up (19).



Statistical Analysis

Normally distributed continuous variables were expressed as the mean ± standard deviation and non-normally distributed continuous variables as median [interquartile range (25th and 75th percentiles)]. The Wilcoxon test or t-test was used for comparisons between two groups, as appropriate. Categorical variables were expressed as frequency with proportions and were analyzed using the chi-squared test or Fisher’s exact test. Survival analysis was performed using the Kaplan–Meier curve and the rates were compared using the log-rank test. In addition, univariate and multivariate Cox regression analysis were performed to evaluate whether filter type is an important prognostic factor. All statistical analyses were conducted using the SPSS software for Windows version 26.0 (IBM Corporation, Armonk, NY, United States). P-values <0.05 denoted statistically significant differences.




RESULTS


General Characteristics


Enrollment and Follow-Up

As shown in Figure 1, seventy patients with S-AKI who received CRRT with oXiris were included. The database was analyzed according to disease type, gender, age, and cardiovascular SOFA score matching to ST150 treatment of septic shock during the same period. In controlled group, 66 S-AKI patients receiving conventional CRRT (ST 150 hemofilter) fulfilled the eligibility matching criteria were included in the study finally. All included patients completed primary analysis except one patient from the oXiris group was lost to follow-up (90 days).
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FIGURE 1. Patient recruitment, and flow of the study. AKI, acute kidney injure; SOFA, sequential organ failure assessment.


The general characteristics were as follows: the SOFA score was significantly higher in the oXiris group compared with the ST150 group (mean: 16.97 ± 3.56 vs. 14.98 ± 3.15, respectively; P = 0.001); the VIS score was significantly higher in the oXiris group compared with the ST150 group (median: 50.99[13.89–123.74] vs. 37.04[10.33–79.37], respectively; P = 0.038). Other general characteristics of these patients, including age, sex, body mass index, AKI stage, underlying diseases, comorbidity, peripheral arterial oxygen saturation to the inspired fraction of oxygen (SPO2/FiO2), mechanical ventilation, MAP, combined with ECMO were comparable between the two groups (all P-values > 0.05; as shown in Table 1).


TABLE 1. The general characteristics.
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Baseline Laboratory Data

Laboratory data suggested that the respective baseline levels coagulation function index, the value of activated partial thromboplastin time, was worse in the oXiris group versus the ST150 group (median: 51.10[37.35–71.80] vs. 37.10[32.70–55.60] s, respectively, P = 0.017). Meanwhile, the baseline levels of IL-6 and PCT in the oXiris group were higher than those recorded in the ST150 group (median: 515.15[103.00–5000.00] vs. 179.55[43.65–1158.50] pg/mL, respectively, P = 0.048) and(median: 31.40 [5.63–79.40] vs. 5.46[2.00–28.86] ng/mL, respectively, P < 0.001) (Table 2).


TABLE 2. The laboratory data.
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Conditions of the Infection

The majority of patients suffered from pulmonary sepsis, followed by intra-abdominal sepsis. Positive blood culture was significantly different between the oXiris group and ST150 group (32 [45.7%] vs. 10 [15.2%], respectively, P < 0.001). The presence of more than three infection sites was significantly more common in the oXiris group vs. the ST150 group (21 [30.0%] vs. 9 [13.6%], respectively, P = 0.021). Pathogenic bacteria were mainly GNB, with Acinetobacter baumannii and Klebsiella being the major bacterial species (Table 3).


TABLE 3. The conditions of the infection.
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Primary Endpoint

As shown in Figure 2, the mortality rate was lower in the oXiris group than that in the ST150 group; nevertheless, the difference was insignificant between the two groups. There were 50 patients (71.4%) and 44 patients (81.8%) dead at day 90, respectively in the oXiris and ST150 groups (P = 0.160) (Figure 2).
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FIGURE 2. The Kaplan–Meier estimates of mortality at 90 days. In the modified intention-to-treat analysis, death at 90 days occurred in 50 patients (71.4%) in the group that received oXiris and in 54 (81.8%) in the group that received ST150. P = 0.16 for the between-group difference in the Kaplan–Meier time-to-event analysis.


On the other hand, significant differences were observed in mortality at day 7 and day 14 between the oXiris and ST150 group (day 7: 47.1 vs. 74.2%, respectively, P = 0.007; day 14: 58.5 vs. 80.3%, respectively, P = 0.005). However, there was no significant difference in mortality at day 28 (Figure 2).



Secondary Endpoints

After 24, 48, and 72 h of CRRT, the SOFA score of patients from the oXiris group decreased faster compared with that of patients from the ST150 group. There were group differences for mean change from baseline on SOFA score (at 24 h: 1.3 ± 3.34 vs. 2.6 ± 2.73, P = 0.020; 48 h: −0.7 ± 5.89 vs. 1.9 ± 3.74, P = 0.010; and 72 h: −1.7 ± 5.99 vs. 2.1 ± 3.58, P = 0.002, respectively). Furthermore, the difference in the reduction of the VIS score between two groups was also statistically significant (at 24 h: −16.44 [−81.54–5.42] vs. 3.96 [−35.06–25.17], P = 0.030; and 48 h: −29.41 [−61.95—3.39] vs. −9.26 [−49.38–22.22], P = 0.044, respectively) (Figure 3). There was no significant difference cardiovascular SOFA (P > 0.05) between the two groups at 24, 48, and 72 h after CRRT.
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FIGURE 3. The Reduction of SOFA and VIS score in treatment period (0–72 h) in the oXiris filter groups and ST150 groups. Panel (A) shows the median at Reduction of SOFA each time point and Panel (B) shows the median change reduction of VIS.


As shown in Figure 4, in terms of the levels of inflammatory mediators, the decrease in PCT was higher in the oXiris group than that in the ST150 group at 24, 48, and 72 h after treatment (21.93 [4.43–48.33] vs. 3.3 [1.18–18.05] ng/mL, P < 0.010; 14.5 [3.0–31.7] vs. 2.0 [1.4–4.1] ng/mL, P < 0.01; and 7.3 [2.7–7.6] vs. 1.9 [1.2–7.2] ng/mL, P < 0.05, respectively). At 24 h following CRRT, the decrease in the levels of CRP and IL-6 in the oXiris group was higher than that noted in the ST150 group (CRP: 146.50 [110.25–259.00) vs. 87.50 [62.65–159.25] mg/L, P = 0.010; and IL-6: 537.00 [93.21–3851.00] vs. 105.00 [29.20–988.13] pg/mL, P = 0.010, respectively). However, there was no statistically significant difference at 48 and 72 h after CRRT.
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FIGURE 4. Blood inflammatory mediators during filter treatment period (0–72 h) in the oXiris filter and ST15 groups. (A) Procalcitonin, (B) C-reaction protein (CRP), (C) interleukin (IL)-6.


In addition, there was no significant difference in pH, and lactate (P > 0.05) between the two groups at 24, 48, and 72 h after CRRT (Figure 5).
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FIGURE 5. The homeostasis indicators during filter treatment period (0–72 h) in the oXiris filter and ST15 groups. (A) Hydrogen ion concentration (pH), (B) Lactate(Lac).


A shorter required CRRT time was reported in the oXiris group vs. the ST150 group (48.00 [32.50–72.00] vs. 115.0 [52–240.0] h, P < 0.001, respectively). However, the number of hemofilter sessions was not significantly different between the two groups (3.50 [2.00–5.00] sets vs. 3.00 [1.00–6.00] sets, respectively, P = 0.474). Both the duration of hospital stay and ICU were not significantly different between the groups (duration of hospital stay: 22.00 [10.00–39.00] vs.19.50 [9.00–35.00] days, respectively, P = 0.589; duration of ICU stay: 14.00 [7.00–28.00] vs. 13.50 [7.00–26.00] days, respectively, P = 0.927). The cost of CRRT was higher in the oXiris group than that in the ST150 group (47,277.54 [28,690.08–774,444.00] vs. 23,419.60 [11,730.00–44105.76] CNY, respectively, P < 0.001). Nonetheless, there was no significant difference in hospital expenses between two groups (270,659.15 [137,109.40–431,402.01] vs. 200,190.80 [118,454.84–319,262.61] CNY, respectively, P = 0.065) (Table 4).


TABLE 4. The secondary outcomes.
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Prognosis of Kidney Function

We assessed the prognosis of kidney kidney function in the two groups over a 90-day follow-up period. Patients who were lost to follow-up were considered non-chronic kidney disease patients. As shown in Table 5, 32 patients survived in the two groups (20 and 12 patients in the oXiris and ST150 groups, respectively). In the oXiris group, the kidney function of 19 patients (95.0%) returned to normal, whereas the creatinine levels of one patient (5.0%) did not return to normal without hemodialysis. In the ST150 group, the kidney function of 10 patients (83.4%) returned to normal, whereas that of two patients (16.6%) did not; moreover, one patient (8.3%) developed chronic kidney disease that required intermittent hemodialysis. After treatment for 90 days, the number of patients with recovery of kidney function was not significantly different between the two groups (P = 0.540) (Table 5).


TABLE 5. The prognosis of kidney function.
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To determine whether the filter type affected the prognosis of patients, we performed the univariate and multivariate COX analysis. The univariate COX analysis result showed that filter type oXiris (vs. ST150) was significantly correlated with 90-day outcomes of patients, with HR = 0.640 (95%CI: 0.434–0.943; P = 0.024). After adjusting the general characteristics (pre-treatment VIS score, liver SOFA and total SOFA score) the filter type was also the factor affecting the outcome (P = 0.022). Similarly, we further adjusted the remaining variables based on Model 2 (plus Laboratory data and conditions of the infection) and the results also showed that filter type was significantly corrected with the prognosis of septic shock with AKI. Compared with group ST150, patients in group oXiris had a lower risk of death than those in group ST150, HR = 0.500 (95% CI: 0.280–0.892) (Table 6).


TABLE 6. Cox regression analysis of variables associated with 90-day outcomes of patients.
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DISCUSSION

In the present study, a tendency toward lower mortality in the oXiris group compared with the ST150 group was observed after 90 days of follow-up among S-AKI patients requiring CRRT; however, the difference was not statistically significant. Statistically significant differences were recorded for 7 and 14 days mortality. The results suggested that oXiris can improve the early survival rate, endotoxin is an important factor in triggering inflammatory cascade reaction, and the increase of endotoxin level in patients with sepsis will lead to an increase in mortality. oXiris can eliminate endotoxin in sepsis patients in the early stage, so as to improve the hemodynamics and early prognosis of sepsis patients. We also found that the VIS score improved faster in the oXiris group versus the ST150 group during the duration of CRRT. Moreover, oXiris offered a potential advantage in decreasing the levels of inflammatory mediators compared with ST150.

Treatment of sepsis with extracorporeal blood purification technology has long been a field of research interest. At present, several extracorporeal blood purification devices aiming at the removal of endotoxin and cytokines in kidney support and immunomodulation therapy are available (18). The polymyxin B-immobilized fiber column (Toraymyxin®; Toray, Tokyo, Japan) is the most widely used specific endotoxin removal therapy in Japan for patients with GNB infection. However, this method lacks the ability to capture inflammatory mediators and cytokines. Thus far, numerous clinical research studies failed to demonstrate any improvement on mortality. Nonetheless, recent RCT results suggest that patients with severe sepsis and circulating endotoxin levels between 0.6 and 0.9 EU/mL may benefit from this approach (20). The Alteco® LPS adsorber (Alteco Medical AB, Lund, Sweden) utilized a synthetic peptide to cover the surface of a porous polyethylene matrix for the adsorption of endotoxin. However, a multicenter RCT [ASSET (abdominal septic shock-endotoxin adsorption treatment)] evaluating this method was terminated ahead of time due to patient recruitment problems (21). The CytoSorb® device (CytoSorbents Corporation, Monmouth Junction, NJ, United States) with porous adsorbent polymer beads could adsorb excessive inflammatory mediators and cytokines, but not endotoxin. A previous in vitro experiment showed a cytokine removal rate exceeding 90–95% (22, 23). Nevertheless, clinical studies remain scarce and only some case series have demonstrated an amelioration of hemodynamic parameters and lactate levels (24, 25).

The hollow-fiber AN69 blood purification device oXiris containing a higher amount of free positively charged amino groups polyethylenimine grafting achieves highly adsorptive competence for endotoxin, cytokines, and other inflammatory mediators simultaneously. In addition, it exhibits functioning antithrombogenic properties with membrane pregrafted 4,500 UI/m2 heparin, which can reduce the occurrence of thrombosis, prolong the life of the hemofilter, and improve the efficiency of CRRT. In vitro and clinical studies confirmed that oXiris can significantly reduce the levels of PCT, endotoxin, inflammatory mediators, and cytokines (22, 26, 27). The decrease in endotoxin, inflammatory mediators, and cytokines was associated with the reduction in the dosage of vasopressor and improvement of the SOFA score (28, 29). This study demonstrated that there was no significant difference between the two groups in MAP during treatment. However, evaluation of the use of vasopressors in the two groups of patients showed that a reduction in the use of vasopressor drugs was helpful in maintaining hemodynamic stability. The cardiovascular SOFA score was assessed based on the dosage of norepinephrine, epinephrine, dopamine. Due to the presence of numerous critical illnesses, the mortality rate was extremely high, and the final cardiovascular SOFA score was not significantly different between the two groups. However, there was a significant reduction in the SOFA score in the oXiris group. We hypothesized that the specific adsorption of endotoxins, inflammatory media, and cytokines may improve other SOFA scores, such as the coagulation and hepatic SOFA scores. oXiris showed a specific capacity for adsorbing cytokines. Although the change was not significantly different, the amplitude of PCT reduction in the oXiris group had a significant advantage compared with that recorded in the ST150 group.

Some clinical studies also found that oXiris could improve hemodynamic parameters, reduce the demand for norepinephrine, increase the lactate clearance rate, and decrease the requirement for resuscitation fluid (30, 31). This study also found that the condition was severer in the oXiris group during CRRT. Moreover, the SOFA score, VIS score, improved in the oXiris group during treatment, exceeding those recorded in the ST150 group. After 72 h of treatment, the metabolic state of patients had significantly improved.

Previous studies have shown that the incidence of AKI in patients with septic shock was approximately 50% and related to a high mortality rate (3). In this study, the mortality among severe patients with septic shock and AKI was markedly high; this may be explained by the fact that CRRT was used as remedial treatment in most cases. Patients often have multiple sites and multiple complicated bacterial infections, especially multi-resistant bacterial infections, leading to high SOFA scores and high mortality. There was no significant difference in 90-day mortality between the two groups; however, there was a significant difference in mortality at day 7 and 14. These findings suggested that oXiris may improve early clinical outcomes. In this study, sepsis was mainly caused by Gram-negative pathogens; nevertheless, we were unable to compare the mortality rates of patients by type of pathogens due to the limited case number and existence of multiple bacterial infections.

Currently, there is no reference consensus regarding the application of oXiris. Recently, a multi-country RCT showed better kidney function at the beginning of treatment with oXiris among critically ill patients with AKI (stages 2–3). Early initiation of treatment can shorten the duration of CRRT and length of ICU stay (32). Based on the available evidence, it is suggested that early initiation of CRRT may be helpful in the recovery of kidney function in patients with S-AKI. In the oXiris group of our study, the median number of filters used was 3.5, and the actual treatment time was <72 h. Considering that the number of filters used may affect the treatment effect, oXiris may be saturated after 24 h of treatment; therefore, it is reasonable to replace these filters every 24–48 h (18). There was no significant difference in the number of filters used between the two groups. Future research should focus on the timing of initiation, optimal duration of use and indication of filter exchange when applying oXiris.

Antibiotics are of vital importance in patients with septic shock. It is established that, apart from the adsorption of endotoxin and inflammatory mediators, hemofilter membranes are also able to capture antibiotics. Currently, there are no relevant guidelines for the adjustment of antibiotic dosage during CRRT, and the effective concentration of antibiotics has not been determined. Notably, use of the hemofilter such as oXiris may further lower the effective concentration of the antibiotic, potentially accelerating the deterioration of patient’s condition, which warrants clinical observation in the future

This study had several limitations. Firstly, this was a single-center observational study, and the sample size was small. Secondly, the baseline levels were uneven, the disease degree of the two groups of patients did not match completely, and the status of illness was severer in the oXiris group. Ultimately, the central nervous system SOFA may have been overestimated due to the invasive ventilatory support therapy administered to patients who were mostly in a state of sedation and analgesia.



CONCLUSION

Although no difference was found in 90-day mortality, oXiris might reduce the short-term (<14-day) mortality compared with ST150 groups in septic shock with AKI. Randomized controlled trials or high-quality prospective studies are warranted to validate the present findings.
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Hemoglobin (g/L)
Hematocrit (9/9)
Leukocyte (109 /L)
Granulocyte (%)
Platelet (10°/L)
Prothrombin time (s)

Actived partial
thrombolastin time (s)

international normalized
ratio

Fibrinogen (g/L)
D-dimer
Total bilirubin (umol/L)

Alanine
aminotransferase (IU/L)

Total protein (g/L)
Albumin (g/L)

Aspartate
aminotransferase (IU/L)

TnT (ng/mL)

Blood pH

lactate mmol/L
Inflammatory index

C-reactive protein mg/L 120.00(73.45-194.00)
179.55(43.65-1158.50)515.15(103.00-5,000.00) 0.048

Interleukin-6 pg/mL
Procalcitonin ng/mL

ST150 (n = 66)

97.00(80.00-115.00)
0.30(0.24-0.36)
12.81(8.05-16.55)
84.17 £ 11.85
75.00(36.00~139.00)
16.50(14.10-21.70)
37.10(32.70-55.60)

1.49(1.24-2.00)

3.07(1.58-4.35)

9.26(4.70-17.85)
27.30(17.60-65.50)
36.00(19.00-179.00)

52.65(46.40-59.40)
29.65(26.40-33.50)
77.00(40.00-261.00)

88.05(40.40-253.50)
7.31(7.25-7.37)
3.15(2.00-6.10)

5.46(2.00-28.86)

oXiris (n = 70)

85.00(77.00-105.00)
0.27(0.24-0.31)
10.88(6.04-19.38)
85.19 + 11.58
52.00(25.00-106.00)
17.35(15.00-22.10)
51.10(37.35-71.80)

1.60(1.36-2.03)

2.37(1.54-4.01)

9.97(3.59-17.09)
40.10(20.40-75.70)
54.00(19.00-174.00)

49.30(44.60-56.90)
30.10(26.10-33.70)
102.00(35.00-359.00)

198.80(37.50-568.20)
7.33(7.26-7.39)
4.20(2.20-7.70)

162.00(91.10-258.00)

31.40(5.63-79.40)

P-value

0.078
0.091
0.864
0.614
0.094
0.255
0.017

0.309

0.468
0.577
0.164
0.602

0.065
0.695
0.876

0.220

0.393

0.181

0.181

<0.001

TnT, troponin T; pH, potential of hydrogen.
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Variables ST150 (n = 66) oXiris (n = 70)
Demographics
Age, year 54.42 + 12.75 56.37 + 15.06
BMI, kg/m? 24.49 4+ 4.57 23.45 +£417
Sex, (n, %)
Men 50(75.8) 48(68.6)
Women 16(24.2) 22(31.4)
KDIGO AKI stage before CRRT initiation
Stage 1 0(0.0) 0(0.0)
Stage 2 11(16.7) 18(25.7)
Stage 3 55(83.3) 52(74.3
Underlying Diseases
Hypertension 10(15.2) 6(8.6)
Diabetes mellitus 14(21.2) 11(15.7)
Chronic obstructive 3(4.5) 2(2.9
pulmonary disease
Cardiovascular disease 1(1.5) 3(4.39)
Liver cirrhosis 2(3.0 3(4.
Comorbidity (n, %)
Cerebral edema 10(15.2) 3(4.3)
Respiratory failure 64(97.0) 64(91.4)
Heart failure 58(87.9) 59(84.3)
Acute liver injury 60(90.9) 61(87.1)
Abnormal coagulation 59(89.4) 61(87.1)
function
Gastrointestinal bleeding 45(68.2) 38(54.3)
Thrombocytopenia 60(90.9) 59(84.3)
Anemia 63(95.5) 61(87.1)
Hypoproteinemia 64(97.0) 63(90.0)
Electrolyte disorder 64(97.0) 58(82.9)
Respiratory and circulatory support
SPO,/FiO, 193(125-250) 198(153.85-250)
Mechanical ventilation, d 8(2.75-17.5) 8(4-15.25)
MAP, mmHg 86(77.75-94.17) 83(73.5-90.6)
Combined with ECMO (n, %) 6(9.0) 3(4.2)
VIS sore 37.04(10.33-79.37) 50.99(13.89-123.74)
Total SOFA score on
starting CRRT
Respiration 3.00(3.00-4.00) 3.00(3.00-4.00)
Coagulation 2.00(0.00-3.00) 2.50(1.00-3.00)
Liver 1.00(0.00-2.00) 2.00(0.00-2.00)
Cardiovascular 4.00(3.00-4.00) 4.00(4.00-4.00)
Renal 2.50(1.00-4.00) 4.00(2.00-4.00)
Central nervous system 4.00(3.00-4.00) 4.00(3.00-4.00)
Total SOFA 14.98 £ 3.15 16.97 + 3.56

P-value

0.420
0.170
0.350

0.235

0.234
0.408
0.601

0.339
0.697

0.070
0.170
0.546
0.483
0.684

0.097
0.243
0.088
0.102
0.060

0.720
0.650
0.140
0.260
0.038

0.658
0.224
0.036
0.067
0.059
0.996
0.001

BMI, body mass index; CRRT, continuous renal replacement therapy;, MAR, mean
arterial pressure; KDIGO, Kidney Disease: Improving Global Outcomes; AKI, acute
kidney injury; SPOo/FiO,, arterial oxygen tension/inspired oxygen fraction; ECMO,
extracorporeal membrane oxygenation, VIS, vasoactive-inotropic score=dopamine
dose (ng/kg/min) + dobutamine dose (wg/kg/min) + 100 x adrenaline dose
(ng/kg/min) + 100 x noradrenaline dose (ng/kg/min) + 10 x milrinone dose
(wg’kg/min) + 10.000 x vasopressin dose (U/kg/min); SOFA, sequential organ

failure assessment.
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Adjust variables in Model 2 are the general characteristics, in Model 3 are the

general characteristics, laboratory data and conditions of the infection.
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Variables ST150 (n = 66)

Filter duration, h 1156.00(52.00-240.00)

Filter sessions 3.00(1.00-6.00)

Length of stay, mean, day

Hospital 19.50(9.00-35.00)

ICU 13.50(7.00-26.00)

Expense of stay, median, CNY

Expense of CRRT 23,419.61(11,770.00-44,105.76)
Expense of hospital 200,190.80(118,454.84-319,262.61)

oXiris (n = 70)
48.00(32.50-72.00)
3.50(2.00-5.00)

22.00(10.00-39.00)
14.00(7.00-28.00)

47277.54(28,690.08-74,444.00)
270,659.15(137,109.40-431,402.01)

P-value
<0.001
0.474

0.589
0.927

<0.001
0.065

ICU, intensive care unit; CRRT, continuous renal replacement therapy.
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Variables

Site of infection
Pulmonary
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Skin or tissue

Urinary

Blood

Cardiac valves myocardium
Unknown

One site or less

Two sites

Three sites or more
Culture-proven infection
Gram positive

Gram negative

Gram positive and negative
Fungal infection

Virus infection

Pathogen
Staphylococcus aureus
Pseudomonas aeruginosa
Acinetobacter baumannii
Escherichia coli

Klebsiella

Candida Albicans

ST150 (n = 66)

57(86.4)
30(45.5)
7(10.6)

46(69.7)
12(18.2)
8(12.1)
19(28.8)
46.1)

oXiris (n = 70)

58(82.9)
26(37.1)
9(12.9)
8(11.4)
32(45.7)

54(77.1)
12(17.1)
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17(24.3)
1(1.4)

9

4.3)
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P-value
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