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Abstract

:

Background and objectives: At present, there is insufficient evidence to support the use of continuous veno-venous haemofiltration (CVVH) in the early treatment of septic shock. This study focuses on the association between survival and different parameters of oxidative stress (RedOx). Thereby, we evaluated whether RedOx markers are associated with the outcome of septic shock in patients under early-initiated CVVH treatment. Materials and Methods: We conducted a prospective observational study of 65 patients with septic shock who started CVVH within 12 h after hospital admission. Blood samples were taken from each patient prior to the start of CVVH. The following RedOx markers were measured: glutathione peroxidase, glutathione reductase (GR), total antioxidant capacity, superoxide dismutase, nitric oxide, malondialdehyde and 4-hydroxynonenal. The odds ratio (OR) was calculated using binary logistic regression and stepwise multivariable regression. Results: The 65 patients had a median age of 66 years and 39 were male. Based on the outcome, the patients were divided into two groups—non-survivors (n = 29) and survivors (n = 36)—and the levels of RedOx markers were compared between them. Of all the markers, only higher GR activity was found to be significantly associated with the fatal outcome; 100.3 U/L versus 60.5 U/L, OR = 1.027 (95% CI, 1.010–1.044). Following adjustment for the sequential organ failure assessment score and other parameters, GR activity still presented a significant association with the fatal outcome, OR = 1.020 (95% CI, 1.002–1.038). Conclusions: GR activity is associated with in-hospital fatal outcomes among septic shock patients under early-initiated CVVH treatment. Septic shock patients who have a lower GR activity at hospital admission may have a favourable outcome of the early initiation of CVVH.
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1. Introduction


Sepsis is defined as a life-threatening organ dysfunction syndrome driven by a dysregulated host response to infection. Staggeringly, septic shock—which can develop during sepsis—increases hospital mortality by 40% [1]. Extracorporeal detoxification methods such as continuous veno-venous haemofiltration (CVVH) can remove a number of inflammatory mediators and toxic metabolic waste products [2,3]. Nevertheless, the latest international guidelines for the management of sepsis and septic shock published in 2016 make no supportive recommendation regarding the use of CVVH due to insufficient strong evidence [4]. Data from seven clinical trials have shown that CVVH treatment reduces short-term and long-term mortality in septic patients [5]. However, a meta-analysis of only three clinical trials reported no significant differences in survival between septic patients on conservative treatment and those on treatment combined with high-volume haemofiltration [6]. Currently, none of the extracorporeal detoxification therapy methods is considered to be the most advisable one for septic patients [7], but CVVH is the one most frequently used. Due to the heterogeneous nature of sepsis, septic shock patients who could benefit from early-initiated CVVH treatment may be able to be identified by stratifying them according to different markers, such as inflammatory agents, cytokines and oxidative stress parameters.



Oxidative stress is the imbalance between the production of reactive oxygen species and the endogenous antioxidant defence system [8,9,10]. The glutathione (GSH) defence system is maintained by the glutathione peroxidase (GPx) and glutathione reductase (GR) enzymes. GPx scavenges hydrogen peroxide, and the oxidised form of GSH (GSSG) is formed. Subsequently, GSSG is reconverted to GSH by GR [9]. Another antioxidant defence enzyme is superoxide dismutase (SOD), which catalyses the dismutation of superoxide radicals to hydrogen peroxide and oxygen [10]. Overexpression of nitric oxide (NO) during sepsis leads to decreased peripheral vascular resistance, neutrophil migration failure and formation of peroxynitrite radicals in a reaction with superoxide anions [11]. During oxidative stress, malondialdehyde (MDA) and 4-hydroxynonenal (HNE) are formed as a result of lipid peroxidation. HNE is formed during lipid peroxidation of arachidonic acid (ARA), and lipopolysaccharides have an ability to increase the release of ARA [12]. Thereafter, MDA and HNE react with proteins and form products with direct cytotoxic and genotoxic effects [12,13]. Furthermore, it has previously been shown that the total antioxidant capacity (TAC) is associated with outcome in septic patients [14,15,16]. Thus, the aim of this study was to investigate whether there are any associations between oxidative stress markers and survival in septic shock patients under early-initiated CVVH treatment.




2. Materials and Methods


2.1. Patients


Our prospective single-centre observational study was conducted at the Clinic of Toxicology and Sepsis, Riga East University Hospital, Latvia, between January 2019 and August 2020. The study comprised patients with the diagnosis of septic shock in accordance with the Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3) [1]. The exclusion criteria were pregnancy and age under 18 years. All the patients were treated in accordance with [4]. Within 12 h of diagnosis, all the septic shock patients started CVVH.



All the patients were treated with postdilutional CVVH with various potassium concentrations adjusted to the patient’s needs. For anticoagulation, continuous infusion of unfractionated heparin was used in all the patients without contraindications for anticoagulants; dose estimation was based on the activated clotting time in accordance with the local hospital protocol. Prior to CVVH administration, a venous blood sample from the central venous catheter was drawn from each patient.



At the time of hospital admission, demographic and clinical data were collected from each patient. The sequential organ failure assessment (SOFA) score [1] and the Acute Physiology And Chronic Health Evaluation II (APACHE II) score [17] were calculated on the basis of the collected data. The primary outcome was defined as in-hospital mortality, and all the patients were divided into two groups: survivors and non-survivors.




2.2. Laboratory Methods


Following collection, the sample of whole blood was immediately stored at −20 °C for the measurement of GPx. For SOD measurement, red blood cells (RBC) were washed out of the sample of whole blood and stored at −20 °C. The remainder of the whole blood sample was centrifuged at 3000 rpm for 10 min at 4 °C and the resultant plasma was stored at −80 °C.



Whole blood GPx activity, RBC lysate SOD activity, plasma GR activity and plasma TAC concentration were measured using commercial assay kits (Randox Laboratories Ltd., Crumlin, UK) on an automated analyser (RX Daytona™; Randox Laboratories Ltd., Crumlin, UK). Plasma concentrations of MDA and HNE adducts were measured using an OxiSelect™ TBARS Assay Kit and an HNE Adduct Competitive ELISA Kit (Cell Biolabs Inc., San Diego, CA, USA), respectively, following the manufacturers’ instructions. A SPARK™ multimode microplate reader (Tecan, Grödig, Austria) was used to read the plates. Plasma NO concentration was measured using a QuantiChrom™ Nitric Oxide Assay Kit (BioAssay Systems, Hayward, CA, USA) according to the manufacturer’s instructions, and the plates were read on a Sunrise™ absorbance microplate reader (Tecan).




2.3. Statistical Analysis


All the continuous variables are shown as the medians and interquartile ranges (IQR). Associations of all the categorical and continuous independent variables with the outcome were assessed by binary logistic regression analysis and odds ratio (OR) together with the 95% confidence intervals (95% CI) were calculated. To investigate which variables were independently associated with the fatal outcome during hospital stay, multivariable analysis using a stepwise logistic regression model (with an entry level of 0.05 and a stay level of 0.05) was applied to the variables which exhibited statistical differences between the survivors and non-survivors. Furthermore, to investigate the discriminative ability of the markers to predict the clinical outcome, receiver operating characteristic analysis was conducted and the area under the curve (AUC) was calculated. All the statistical analyses were performed using SPSS version 23.0 for Mac (SPSS, North Castle, NY, USA).




2.4. Ethical Considerations


All the patients or their legal representatives gave signed informed consent and the study protocol was approved by the Central Medical Ethics Committee of Latvia (No. 2/18-06-07 (07.06.2018)).





3. Results


3.1. Patient Characteristics


During the study period, 65 patients were enrolled. Of these patients, 36 (55.4%) were survivors and 29 (44.6%) were non-survivors. The median length of time on CVVH treatment among the survivors was 51 h (IQR, 37–67), whereas among the non-survivors it was only 35 h (IQR, 13–51) (p = 0.035) due to patient mortality. There was no difference in the dose of CVVH treatment between the two groups of patients; the median substitutional fluid flow rate in the survivors was 22.4 mL/kg/h (IQR, 20.6–25.6) and 23.3 mL/kg/h (IQR, 20.7–26.0) in the non-survivors (p = 0.379).



The median length of hospital stay of the survivors was 20 days (IQR, 13–33), whereas it was 4 days (IQR, 2–13) for the non-survivors (p = 0.004). Furthermore, the median length of stay in the ICU was 8 days (IQR, 6–18) for the survivors and 3 days (IQR, 2–10) for the non-survivors (p = 0.292). The SOFA and APACHE II scores were significantly different between the two patient groups (p = 0.001 for both scores), with higher scores in the non-survivor group (Table 1).




3.2. Blood Chemistry Parameters


The concentration of serum lactate was significantly higher in the non-survivor group than in the survivor group; median values of 4.7 mmol/L (IQR, 3.5–9.4) and 2.8 mmol/L (IQR, 2.1–3.9), respectively (p = 0.036). However, there were no significant differences between the two patient groups regarding the concentrations of inflammatory markers C-reactive protein and procalcitonin, as well as the estimated glomerular filtration rate (MDRD equation).



The non-survivors had a significantly higher plasma GR activity in comparison to the survivors (p = 0.002); 100.3 U/L (IQR, 71.8–149.8) versus 60.5 U/L (IQR, 45.0–93.4), respectively, OR = 1.027 (95% CI, 1.010–1.044). All the other oxidative stress/antioxidant markers were not significantly different between the two groups (Table 2). Receiver operating characteristic analysis was subsequently conducted to determine whether GR activity could be used to predict the clinical outcome in septic shock patients treated with CVVH; the AUC to predict the fatal outcome was 0.780 (95% CI, 0.667–0.893) (Figure 1).




3.3. Multivariable Analysis


The multivariable analysis using a stepwise logistic regression model included all the parameters presenting a significant difference in the univariable analysis. The increase in the SOFA score (OR = 1.371; 95% CI, 1.032–1.820) and the increase in plasma GR activity (OR = 1.020; 95% CI, 1.002–1.038) were significantly associated with the fatal outcome during hospital stay. Surgical intervention and corticosteroid administration included in the model after adjustment exhibited no significant association (Table 3).





4. Discussion


This is the first study to investigate the role of oxidative markers in the prognosis of survival of septic shock patients treated with early-initiated CVVH. Until now, the majority of the studies analysing sepsis and oxidative stress have examined only a small number of patients treated with CVVH.



We found that the GR activity in plasma was significantly higher among the non-survivors in comparison to the survivors of septic shock. Our data are in contrast to those of a similar study published in the literature which reported an association between the lower GR activity in plasma/erythrocytes and the fatal outcome in 50 septic shock patients [18]. It has been proposed that GR activity should be considered as a GSH/GSSG activity estimator [19], consistently with the findings of Kim et al. [18]. On the other hand, the data published by Karapetsa’s group showed no significant difference in GSH/GSSG between sepsis survivors and non-survivors when measured on the first day after diagnosis [20]. However, the data from an animal study showed a higher GR activity in the liver of rats infected with Gram-negative bacteria as well as a remarkable increase of glutathione synthesis in organs [21]. Another animal sepsis model demonstrated a decreased GR activity in the liver and lung tissue every three hours after sepsis onset [22]. Based on the information available, we proffer that high GR activity among septic patients on the first day of sepsis onset represents a hyperinflammatory response which predicts the future outcome.



Our data demonstrated no significant difference in GPx activity between the survivors and the non-survivors. This is in line with two previous studies examining 100 and 110 patients [23,24]. However, other studies showed a higher GPx activity among septic shock survivors [18,25]. The data from experimental animal studies showed a higher GPx activity in septic animals [21,22]. Nevertheless, despite all these disparities, the GSH system is one of the most important antioxidant systems involved in the early response to oxidative damage [9,26].



We found that TAC presented a high OR in the non-survivor group without a significant difference. This finding was also reported in two previous studies [20,27]. However, other studies reported that a high TAC concentration is a strong predictor of septic patient mortality [14,15,16]. These studies measured the TAC concentration in serum, whereas we measured the TAC concentration in plasma. Even so, the role of the TAC in the pathogenesis of sepsis is unclear, although it may be that a high TAC concentration could be due to the increase of antioxidative activity to compensate proinflammatory mechanisms in the ebb phase of septic shock.



Our data demonstrated a higher MDA concentration in the non-survivors; however, the difference between the survivors and the non-survivors did not reach statistical significance. Several previous studies showed significantly higher MDA concentrations in non-survivors of sepsis and septic shock [14,15,18,25,27]. This discrepancy may be due to different patient numbers and/or different blood collection times. Conversely to MDA, our data demonstrated a lower HNE adduct concentration in the non-survivors without showing a significant difference. This lower concentration may be due to the very reactive nature of HNE which, under experimental conditions after exposure to GSH, is fully consumed within one hour, in contrast to MDA [12,13]. At present, there are no studies on the concentration of HNE adducts in sepsis patients in the literature. However, studies using animal models of sepsis showed an increased HNE concentration in blood or overexpression in organ tissues after sepsis initiation [26,28,29].



We found no difference in SOD activity between the two patient groups. However, a study by Costa et al. demonstrated a higher SOD activity in septic shock survivors only after adjustment for age and protein carbonyls [30]. This adjustment for protein carbonyls may explain the discrepancy with our data. In contrast, a study by Warner et al. reported a higher SOD concentration in non-survivors of sepsis [31]. That study examined only 32 patients and measured the SOD concentration instead of the activity. Thus, SOD could be a helpful marker in the evaluation of septic shock patients, but only if analysed in combination with other markers, such as protein carbonyls.



Our data demonstrated a higher NO concentration in the non-survivors without showing a significant difference. This finding is in accordance with the work of Yu et al. [32]. A study by Winkler et al. demonstrated changes in the NO metabolism during sepsis, and it was suggested that decreased NO synthesis may mimic impairment of the immune response mechanism [33].



The main limitations of the present study are its relatively small number of patients, absence of repetitive measurements during the clinical course and patient recruitment from only one study centre. Another significant limitation in common with most studies of this type is the heterogeneity of the underlying pathologies that lead to sepsis development.




5. Conclusions


This study demonstrates that plasma GR activity is associated with in-hospital fatal outcome of septic shock patients under early-initiated CVVH treatment. Septic shock patients who have a lower GR activity at hospital admission may have a favourable outcome of the early initiation of CVVH. Future studies should focus on investigating further the role of the GSH system markers in septic shock patients, including the concurrent measurement of multiple markers and repetitive measurements during the course of the disease.
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Figure 1. Receiver operating characteristic analysis using plasma GR activity as a predictor of the clinical outcome in septic shock patients. 
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Table 1. Univariable comparison of general characteristics between the two patient groups.
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	Characteristics
	Survivors (n = 36)
	Non-Survivors (n = 29)
	OR
	95% CI
	p-Value





	Age, years
	63 (50–77)
	67 (58–76)
	1.012
	0.978–1.047
	0.497



	Male gender, n (%)
	24 (66.7%)
	15 (51.7%)
	0.536
	0.196–1.464
	0.224



	Comorbidities, n (%)
	
	
	
	
	



	Cardiovascular disease
	20 (55.6%)
	18 (62.1%)
	1.309
	0.483–3.549
	0.597



	Diabetes mellitus
	13 (36.1%)
	9 (31.0%)
	0.796
	0.281–2.252
	0.667



	Neoplasia
	3 (8.3%)
	6 (20.7%)
	2.870
	0.650–12.664
	0.164



	Site of infection, n (%)
	
	
	
	
	



	Respiratory
	7 (19.4%)
	14 (48.3%)
	2.000
	0.108–36.954
	0.641



	Urogenital
	9 (25.0%)
	7 (24.1%)
	0.778
	0.041–14.750
	0.867



	Biliary
	3 (8.3%)
	0 (0.0%)
	-
	-
	-



	Soft tissue
	5 (13.9%)
	2 (6.9%)
	0.400
	0.016–10.017
	0.577



	Intraabdominal
	11 (30.6%)
	5 (17.2%)
	0.455
	0.023–8.829
	0.602



	Other
	1 (2.8%)
	1 (3.4%)
	1.000
	-
	-



	SOFA score
	10 (9–12)
	12 (12–16)
	1.584
	1.216–2.062
	0.001



	APACHE II score
	19.5 (16–25)
	27.0 (25–31)
	1.184
	1.075–1.305
	0.001



	Management, n (%)
	
	
	
	
	



	Surgical intervention
	18 (50.0%)
	6 (20.7%)
	0.261
	0.086–0.792
	0.018



	Mechanical lung ventilation
	22 (61.1%)
	24 (82.8%)
	3.055
	0.945–9.877
	0.062



	Corticosteroids
	24 (66.7%)
	26 (89.7%)
	4.333
	1.089–17.250
	0.037
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Table 2. Univariable comparison of blood chemistry parameters between the two patient groups.






Table 2. Univariable comparison of blood chemistry parameters between the two patient groups.





	Parameters
	Survivors (n = 36)
	Non-Survivors (n = 29)
	OR
	95% CI
	p-Value





	Lactate, mmol/L
	2.8 (2.1–3.9)
	4.7 (3.5–9.4)
	1.184
	1.011–1.385
	0.036



	Creatinine, mcmol/L
	203 (148–348)
	271 (169–480)
	1.003
	1.000–1.005
	0.047



	eGFR (MDRD)
	25.6 (15.9–44.4)
	16.6 (9.45–32.3)
	0.985
	0.964–1.007
	0.172



	C-reactive protein, mg/L
	269 (138–356)
	268 (195–429)
	1.001
	0.998–1.004
	0.486



	Procalcitonin, ng/mL
	25.8 (7.2–121.1)
	51.8 (18.3–132.8)
	0.999
	0.995–1.003
	0.702



	Total antioxidant capacity, mmol/L
	1.84 (1.67–2.20)
	1.92 (1.67–2.61)
	2.124
	0.914–4.936
	0.080



	Glutathione peroxidase, U/L
	8733 (7247–13,091)
	10709 (7770–12,561)
	1.000
	1.000–1.000
	0.445



	Superoxide dismutase, U/gHb
	1764 (1700–1946)
	1810 (1640–2156)
	1.001
	0.999–1.002
	0.448



	Nitric oxide, mcM
	31.0 (18.2–50.0)
	36.6 (21.1–77.2)
	1.014
	0.996–1.033
	0.119



	Malondialdehyde, mcM
	6.16 (4.66–8.47)
	7.40 (4.17–13.40)
	1.016
	0.964–1.072
	0.567



	4-Hydroxynonenal adducts, mcM
	1.16 (0.00–4.94)
	0.01 (0.00–1.84)
	0.862
	0.730–1.018
	0.079



	Glutathione reductase, U/L
	60.5 (45.0–93.4)
	100.3 (71.8–149.8)
	1.027
	1.010–1.044
	0.002
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Table 3. Multivariable analysis of the factors significantly associated with in-hospital survival of septic shock patients.






Table 3. Multivariable analysis of the factors significantly associated with in-hospital survival of septic shock patients.





	
Parameters

	
Univariable Analysis

	
Multivariable Analysis




	
OR

	
95% CI

	
p-Value

	
OR

	
95% CI

	
p-Value






	
Management

	

	

	

	

	

	




	
Surgical intervention

	
0.261

	
0.086–0.792

	
0.018

	
0.485

	
0.126–1.871

	
0.293




	
Corticosteroids

	
4.333

	
1.089–17.250

	
0.037

	
2.855

	
0.588–13.866

	
0.193




	
SOFA score

	
1.584

	
1.216–2.062

	
0.001

	
1.371

	
1.032–1.820

	
0.029




	
APACHE II score

	
1.184

	
1.075–1.305

	
0.001

	
-

	
-

	
-




	
Lactate, mmol/L

	
1.184

	
1.011–1.385

	
0.036

	
-

	
-

	
-




	
Glutathione reductase, U/L

	
1.027

	
1.010–1.044

	
0.002

	
1.020

	
1.002–1.038

	
0.028
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