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Purpose: We aimed to evaluate the antioxidant role in critically ill patients with vasodilatory shock as it relates to severity of tissue
hypoxia and organ failure.

Patients and Methods: An observational and prospective study was conducted in critically ill patients with vasodilatory shock.
Glutathione peroxidase (GPx) levels as antioxidants were measured based on their levels in the patient’s serum. Tissue hypoxia as
micro-hemodynamic status was represented by lactate levels, the macro-hemodynamic status was represented by vasoactive inotropic
score (VIS) and mean arterial pressure (MAP), while organ dysfunction severity was represented by the shock index (SI), the
sequential organ failure assessment (SOFA) score, and the acute physiology and chronic health evaluation (APACHE) II score.
Results: Thirty-four critically ill patients with vasodilatory shock met the eligibility criteria. The mortality rate was 41.2%.
Glutathione peroxidase levels did not show a significant difference between survivors and non-survivors at baseline or after 24
hours. At the initial measurement, there was a correlation between GPx and lactate levels, GPx and SOFA scores. The macrohemo-
dynamic status was represented by VIS and MAP, which were correlated with SI.

Conclusion: Glutathione peroxidase as antioxidant is related to severity of tissue hypoxia and organ failure in critically ill patients
with vasodilatory shock.
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Introduction

A critically ill patient is one who undergoes life-threatening multisystemic disorders with a high morbidity and mortality
rate. Critically ill patients differ in characteristics, depending on the type and severity of organ dysfunction, which
influences treatment focus and clinical outcomes.! Vasodilatory shock is the most common problem in critically ill
patients and one of the leading causes of death in the Intensive Care Unit. Septic shock is the most studied vasodilatory
shock because it is associated with high mortality. Recent studies have shown that pro-inflammatory mediators and
oxidative stress contribute to the development of sepsis and septic shock.’

The role of oxidative stress in the manifestations of critical disorders, including ischemia, reperfusion injury, and
systemic inflammatory response. Oxidative stress can occur due to excessive production of oxidant or decreased
antioxidant defenses. During septic shock, the balance between reactive oxygen species (ROS) formation and their
neutralization by antioxidants is lost, resulting in oxidative stress. Increased oxidative stress further causes tissue damage

and leads to the development of multiple organ failure.*> Among endogenous antioxidant defenses in humans, glutathione
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is quantitatively the most important and has been shown to be depleted during critical illness.> Glutathione peroxidase
(GPx) is an antioxidant enzyme that suppresses inflammation and tissue injury due to reactive oxygen species (ROS)
produced by phagocytes (neutrophils, monocytes, macrophages, and eosinophils). The antioxidant system’s ability to
respond to increased production of oxidants and oxidative damage is an indicator for oxidative stress.* During critical
illness, a similar decrease in the reduced glutathione (GSH) concentration is seen, but in addition, a change in the redox
status indicative of an elevated oxidized glutathione (GSSG) level occurs. Furthermore, correlations exist between the
concentrations of glutamine as well as glutamate and GSH in these patients. From the available evidence accumulated,
glutathione plays a pivotal role in the maintenance of the intracellular redox status, the antioxidant vitamin levels, and the
antioxidant enzyme functions under various metabolic conditions. The effectiveness of glutathione protection in the
individual tissues depends on the tissue concentration of glutathione as well as the capacity of the tissue to import GSH
and export GSSG.’

Physiological signs of worsening hemodynamics in critically ill patients who develop shock commonly occur in its
early phases. However, numerous evidence points out that these signs are often overlooked. This late response leads to
prolonged hypoxia and correlates with poor outcome, due to resulting refractory vasodilatory shock, among other
factors.® In critically ill patients, the severity of organ failure can be assessed using scoring systems, such as the
sequential organ failure assessment (SOFA) score as well as the acute physiology and chronic health evaluation
(APACHE) score.” Other studies recommended the use of shock index (SI).* The hemodynamic status can be represented
by vasoactive inotropic score (VIS), mean arterial pressure (MAP), and lactate levels.”'°

To date, the role of GPx as an early biomarker for tissue hypoxia, hemodynamic status and organ failure severity in
critically ill patients undergoing vasodilatory shock, as measured with the APACHE II, SOFA, and SI scoring systems,
has not been widely studied. Therefore, we conducted a study to analyze the role of GPx as an early biomarker for
tissue hypoxia, hemodynamic status and organ failure severity in critically ill patients experiencing vasodilatory
shock.

Patient and Methods

Study Design

The design of the study was a cohort prospective study, which enrolled critically ill patients with vasodilatory shock
hospitalized at the Intensive Care Unit (ICU) and emergency department of Dr. Soetomo General Hospital, a teaching
hospital of Universitas Airlangga. The study was conducted from December 1, 2021 to June 30, 2022. Inclusion criteria
included patients aged >18 years, a clinical diagnosis of vasodilatory shock, and the signing of an informed consent by
family or relatives. The comorbidity of congenital heart disease (CHD) and end-stage renal disease (ESRD) were
excluded from the study.

Criteria for Vasodilatory Shock
Shock that is unresponsive to fluid administration of at least 1000 mL and using a vasopressor of >0.1 pg/kgBW/minute.

Hemodynamic Status and Organ Severity
Macro hemodynamic indicators were VIS and MAP. Lactate levels are a biomarker of tissue hypoxia as micro
hemodynamic status. Lactate levels were measured from a vein blood sample using IStat tools. The APACHE II
score, the SOFA score and the Shock Index were used as scoring indicators. The Shock Index (SI) was also calculated
by dividing HR over SBP. SOFA Score and APACHE II Score were calculated within 24 hours of emergency department
admission and at the Intensive Care Unit (ICU).

Macro hemodynamic indicator was represented by a vasoactive inotropic score calculated with the formula as dopamine
dose (ug kg ' min~") + dobutamine dose (ug kg ' min~") + 100 x epinephrine dose (ug kg ' min~') + 100 x norepinephrine
dose (ng kg ' min~") + 10,000 x vasopressin dose (U kg™' min™") + 10 x milrinone dose (ug kg ' min™").'°
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After getting permission, blood samples were taken to get GPx and lactate serum at the same time. As much as 2 mL of
blood was withdrawn from the cubital vein and stored in a venoject tube containing EDTA anticoagulant. The tube was
then centrifuged at 3000 rpm for 15 minutes to separate the serum from the precipitate or pellet within 30 minutes after
sample collection. The serum obtained was stored at —20°C if not immediately analyzed. An ELISA test was subse-
quently performed to determine the GPx levels using the Human Glutathione Peroxidase ELISA Kit Catalog No.
E3696Hu. Quantification was performed using ELISA Reader (iMark Microplate Absorbance Reader).

Data Collections
Data collected included patient name, age, gender, vital signs, and primary diagnosis. The degree of severity and lactate
levels were evaluated on the first day of hospitalization.

All subjects were given early intervention, which include appropriate antibiotics, hemodynamic resuscitation, and
organ support therapy using mechanical ventilation in accordance with the patient’s diagnosis. GPx levels were evaluated
on day-0 and day-1 after resuscitation.

Data Analysis

Data were analyzed using SPSS for Windows 20.0 (IBM, Armonk, NY, USA). Normality for numerical data was tested
using Shapiro—Wilk, in which data with normal distribution were presented as mean and standard deviation (SD) and data
with non-normal distribution were presented as median and minimum and maximum range values. Nominal data were
analyzed using Chi-square test. Numerical data with normal distribution were analyzed using f-test, while Mann—
Whitney test was used for data with non-normal distribution. Bivariate analysis was conducted to identify the correlation
between variables: data with normal distribution were analyzed using Pearson test, and data with non-normal distribution
were analyzed using Spearman test. A receiver operating curve (ROC) analysis was performed to determine the cut-off
for severity level score in relation to mortality outcome. The sensitivity and specificity of the severity level score were
calculated to predict the cut-off for mortality outcome.

Results

A total of 44 patients who fulfilled the study criteria were included in this study. Of these 44 patients, only 34 patients
received examinations for all study variables, of whom 14 patients died and 20 patients survived. No subject dropped out
during the study period (Figure 1). Over half of the patients with vasodilatory shock were men (61.8%). The prevalence
rate for in-hospital mortality was 41.2%. The mean MAP was 69.46 + 14.17 mmHg. The MAP was lower in the non-
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Figure | Flow chart of the study population.
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Table | Baseline Characteristics of Study Participants

Variables Mean® or Median® Survivor Non-Survivor p value
Age in years 49 (18-77)° 46.8 + 18.7° 478 + 19.8° 0.791”
Gender

Man, n (%) 21 (61.8) Il (32.4) 10 (29.4) 0.477*
Woman, n (%) 13 (38.2) 9 (26.5) 4 (11.8)

MAP, mean + SD (mmHg) 69.46 £ 14.17 73.77 £ 10.56* 6331 £ 16.67° 0.0327*
Shock Index (Sl), 1.28 £ 0.48 1.10 + 0.35% 1.54 + 0.52* 0.005"*
SOFA score 9.26 £ 3.95 8.15 + 3.82° 10.86 + 3.69* 0.0477*
APACHE Il score 16.35 + 8.22 14 (2-43)° 18.86 + 6.44° 0.051%
Glutathione peroxidase day 0, ng/mL | 32.38 (17.52-273.95)° | 35.48 (19.04-104.35)° | 29.79 (17.52-273.95)° 0.274*
Glutathione peroxidase day |, ng/mL, | 31.98 (11.74-266.03)° | 31.98 (11.74-107.59)° | 31.51 (21.07-266.03)° 0.743*
Lactate levels, mmol/L 3 (0.5-20.7)° 2.83 (0.50-10.38)° 3.05 (0.9-20.7)° 0.377*
VIS 14.50 (7.50—435)° 13.50 (10-435)° 17.50 (7.50-415)° 0.796*

Notes: *Mean # SD; "Median (minimum-maximum); *Chi-square test; "Independent t-test; “Mann-Whitney test; a = 0.05; *Statistically significant (p < 0.05).

survivor than in the survivor group (63.31 + 16.67 mmHg vs 73.77 + 10.56 mmHg, p = 0.032). The mean shock index

was 1.28 + 0.48. The shock index was higher in the non-survivor than in the survivor group (1.54 = 0.52 vs 1.10 £ 0.35,
p = 0.005). The mean SOFA score was 9.26 + 3.95. The SOFA score was higher in non-survivor group than in the

survivor group (10.86 £ 3.69 vs 8.15 £ 3.82, p = 0.047) (Table 1). The area under the receiver operating curve of the
APACHE II score, SOFA score, and shock index to predict in-hospital mortality was 0.7 (p=0.050), 0.71 (p=0.041), and
0.764 (p=0.010), respectively (Figure 2). Based on the Youden index, the mortality cut-off score for each scoring method
was as follows: 16.5 for APACHE II score, 10.5 for SOFA score, and 1.225 for the shock index (Figure 2). The
sensitivity and specificity were as follows: 64.3% and 65% for the APACHE II score, 64.3% and 70% for the SOFA

score, and 71.4% and 70% for the Shock Index (Figure 2).
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Figure 2 ROC curve for (A) APACHE Il score and mortality (p = 0.050; AUC = 0.700) with cut-off of 16.5; sensitivity 64.3%; and specificity 65%; (B) SOFA score and
mortality (p = 0.041; AUC = 0.709) with cut-off of 10.5; sensitivity of 64.3%; and specificity of 70%; (C) Shock Index and mortality (p = 0.010; AUC = 0.764) with a cut-off of
1.225; sensitivity of 71.4%; and specificity of 70%.
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Table 2 Correlation Between Macro- and Microhemodynamic Status and Glutathione

Peroxidase Levels

Indicators Glutathione Peroxidase Day-0 Glutathione Peroxidase Day-|
r P r P

VIS —0.01 0.978 —0.07 0.705

MAP 0.15 0.395 0.0l 0.976

Lactate levels —0.355 0.040%* —0.08 0.674

Note: *Statistically significant P < 0.05, Spearman correlation test.

There was no statistically different GPx at day 1 between the survivor and non-survivor groups. A correlation analysis
was carried out to evaluate the correlation of severity scores, hemodynamic indicators, and GPx. The lactate levels were
significantly negatively correlated with the GPx levels at baseline (r=—0.36, p=0.040) (Table 2; Figure 3). The SOFA
score was significantly negatively correlated with the GPx levels at baseline (r=-0.43, p=0.011) (Table 3; Figure 4). The
lactate levels were significantly positively correlated with the SOFA score (#=0.5, p=0.003) (Table 4; Figure 5). The VIS
was significantly positively correlated with the SI (»=0.35, p=0.040) (Table 4). The MAP was significantly negatively
correlated with the SI (r=-0.72, p=0.000) (Table 4).

Discussion

Patients hospitalized in the emergency department or intensive care unit with a diagnosis of vasodilatory shock over the
period of the trial were eligible for participation. It was found that the mortality rate was 41.2%. We discovered that the
group that did not survive had much higher shock index and SOFA scores, but significantly lower MAP. The area under
the curve (AUC) was calculated to determine the cut-off, sensitivity, and sensitivity. In this study, the median GPx levels
on day-0 was 32.38 ng/mL, with a minimum value of 17.52 ng/mL and a maximum value of 273.95 ng/mL. On day-1,
The median GPx levels were 31.98 ng/mL, with a minimum value of 11.74 ng/mL and a maximum value of 266.03 ng/
mL. The GPx levels appeared to be higher both on day-0 and day-1 in the patients who survived compared to those who
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Figure 3 Significant negative correlation between the glutathione peroxidase levels at baseline and lactate levels.
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Table 3 Correlation Between Severity Score and Glutathione Peroxidase Levels

Score Glutathione Peroxidase Day-0 Glutathione Peroxidase Day-1
r p r P
APACHE |l score —0.15 0.408 —0.02 0.928
SOFA score —0.43 0.011* —0.24 0.178
Shock Index —0.06 0.727 0.01 0.978

Note: *Statistically significant (p < 0.05), Spearman correlation test.

passed away, although this was not statistically significant. Identifying antioxidant activity on the first day in the ICU is
necessary due to its correlation with length of stay, prognosis, and treatment course. Antioxidant levels are reduced in
patients with severe conditions, and medical treatment often further reduce antioxidant levels."' GPx is an antioxidant
enzyme that suppresses inflammation and tissue injury due to ROS released by phagocytes (neutrophils, monocytes,
macrophages, and eosinophils).'?

The SOFA and SI scores showed significant differences in the mortality of critically ill patients with vasodilatory
shock. The SI value for the non-survivor group was significantly higher. The cut-off to predict in-hospital mortality was
1.225 (95% CI 0.93-0.99, p=0.050) with a sensitivity of 71.4% and a specificity of 70%, while the AUC was 0.76. In the
interim, a range of values from 0.5 to 0.7 is deemed appropriate for SI.'> According to the results of several studies,
a higher SI is associated with a higher mortality rate in the emergency department.'*'® In addition, it may be used as
a triage tool to identify the patient’s severity without waiting for test findings. Indeed, our data support the notion that
patients with vasodilatory shock had greater SI levels associated with death.

The SOFA score was found to be related to mortality in patients with vasodilatory shock. Previous studies have
shown that the SOFA score is an accurate predictor of mortality in the ICU.'”'® An increase in the SOFA score reflects
high risk of mortality. Furthermore, it has been shown that the SOFA score is a valid indication of long-term mortality in
persons who have recently had an acute myocardial infarction.'” A link exists between a lower SOFA score and

a decreased mortality rate.”® In addition, the SOFA score is used to evaluate the course of disease and organ failure
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Figure 4 Significant negative correlation the glutathione peroxidase levels at baseline and SOFA score.
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Table 4 Correlation Analysis Between Hemodynamic Indicators and Severity Scores

Indicator APACHE Il Score SOFA Score SI

r p r P r P
VIS 0.25 0.149 0.23 0.186 0.35 0.040%*
MAP —0.34 0.0582 —0.30 0.081 -0.72 0.000%*
Lactate levels 0.26 0.140 0.50 0.003* 0.22 0.222

Note: *Statistically significant (p < 0.05), Spearman correlation test.

over time.?' Then, it was expanded to include the association with patients’ outcomes.”> >> We assessed that, to predict
mortality, a cut-off of 10.5 had a sensitivity of 64.3% and a specificity of 70% in patients with vasodilatory shock.
Among other scores, the SOFA score had the highest AUC [0.71 (95% CI 0.81-0.94, p=0.709)]. The AUC result
suggested that the SOFA score was effective in predicting the outcome of patients with vasodilatory shock.

In our study, we found significant negative correlation between GPx levels and tissue hypoxia represented by lactate
levels (p < 0.05); and no significant correlation between GPx levels and hemodynamic status, as represented by MAP and
VIS. Glutathione peroxidase at an early phase in severely septic patients makes it possible to predict the degree of
severity of tissue hypoxia. Wiecek et al in 2018 conducted a study in healthy adult patients evaluating the difference
between superoxide dismutase, catalase (CAT), and GPx enzymatic antioxidant defense at early phase after anaerobic
exercise and within 24 hours after exercise. Anaerobic exercise would induce a significant increase of lactate levels. At
the early phase of exercise, the antioxidant enzyme activity decreased; 24 hours after anaerobic exercise the GPx activity
in the blood plasma of men and women was higher compared to before exercise. Increased activity of GPx will in turn
increase the rate of GSH oxidation into GSSG in the presence of H,O,, which caused a reduction in GSH concentration,
an increase in GSSG concentration, and a reduction in GSH/GSSG ratio (Figure 6).%

In addition, we found a negative correlation between GPx levels and SOFA score (» = —0.43; p = 0.011). The mean
organ failure severity levels in this study were 9.26 + 3.95 and 16.35 £ 8.22, as measured using SOFA and APACHE 11
scores. Based on classification reported in the study by Raith et al, the range of SOFA score in this study is relatively high
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Figure 5 Significant positive correlation between SOFA score and lactate levels.
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Figure 6 Glutathione metabolism. The activity of catalase and peroxidase enzymes can stop the accumulation of H,O,. GPx catalyzes the reaction of 4GSH and 2H,0, to
2GSSG and 4 H,O. Reduced glutathione (GSH) is formed from oxidized glutathione (2GSSG) and reduced nicotinamide adenine dinucleotide phosphate (NADPH),
becoming 4GSH and nicotinamide adenine dinucleotide phosphate (NADP™) through a reaction catalyzed by the enzyme glutathione reductase (GR).

with mortality prediction of more than 30%,?’ while based on the APACHE II score, the mortality prediction in the study
subjects was more than 20%.%*

A study conducted by Chuang et al in 73 patients with severe sepsis suggested that the level of antioxidant capacity
represented the clinical severity of the sepsis.?’ There was a significant correlation between APACHE II score and serum
total antioxidant capacity, as measured through serum uric acid. The SOFA score was negatively correlated with the GPx
levels at baseline. Indeed, the SOFA score represents organ dysfunction during an ICU stay. In the past, the SOFA score
was given to patients in hospitals or critical care units to classify the degree of organ dysfunction.'’=%*' Organ
dysfunction results from the imbalance of oxidative stress, which includes the reduced GPx levels, since it causes
inflammation, endothelial cell malfunction, and increased vascular permeability.>**> As a result, the SOFA score,
a simple, affordable, and rapid approach, may be used to evaluate early organ dysfunction. Moreover, an early onset
of organ failure may occur during a patient’s stay in the ICU.>* Previous investigations have shown that there is
a negative correlation between the GPx and the SOFA score.*”

In addition, our study also assessed the shock severity level using SI. The mean SI value was 1.28 + 0.38. Several
studies suggested that the normal range of SI value was between 0.5 and 0.7, although some evidence also stated that SI
value up to 0.9 was still acceptable.*®>° SI value near 1.0 indicates worsening hemodynamic status or shock.*’ Based on
the SI characteristics, the majority of the current study population can be considered severe cases.

There was a correlation between the SOFA score and lactate concentration. This is consistent with previously
conducted study.*' ™ Blood lactate levels are a sensitive and universal sign of metabolic stress and tissue hypoxia.**
There is an increase in tension when there is a shortage of oxygen, and this may result in a number of critical illness.*
According to the results of our investigation, there was a negative correlation between the lactate levels and the GPx
levels upon admission. In addition, our study demonstrates that individuals who did not survive sepsis had much greater
lactate concentrations than those who survived. A previous study presented an association between higher levels of
lactate and increased mortality.*®*” High lactate levels are believed to indicate organ malfunction and the need for
immediate medical care.*®

In our study, the VIS was significantly positively correlated with the SI (»=0.35, P=0.040). In Setyaningtyas’ study,
a significant negative correlation was found between VIS and ANP levels on day-2. ANP is a marker for congestive heart failure
(r —0.475, p<0.05). This explained the role of VIS as the strongest predictor of mortality in in children with septic shock.*’

Our study is constrained in many significant aspects. The design of the study, which was done in a single location,
included an inherent bias that could not be eliminated. Not infrequently, the findings of a research only apply to the
patients who were formally examined as part of the study. Moreover, our ICU often accepts severely ill patients as our
ICUs are located at tertiary academic hospital. Our results support the evidence that the role of oxidative stress in
vasodilatory shock is complex and requires further research. In addition, this study emphasizes the dynamic and balanced
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nature of oxidative stress rather than the static nature of measuring oxidative stress in critically ill patients, which can
affect hemodynamic disturbances in the microcirculation that correlate with severe organ dysfunction.

Study Limitations

Our study could not determine the appropriate biomarker with an exact cut-off value to assess antioxidant capacity, which
influenced mortality in critically ill patients with vasodilatory shock. Further research is needed to evaluate the factors
that influence mortality in critically ill patients with vasodilatory shock.

Conclusion
Glutathione peroxidase as antioxidant is related to lactate levels as a marker of severity of tissue hypoxia and the SOFA
score as a marker of organ failure but not with mortality in critically ill patients with vasodilatory shock.
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arterial pressure; NADPH, reduced nicotinamide adenine dinucleotide phosphate; NADP", nicotinamide adenine dinu-
cleotide phosphate; ROS, reactive oxygen species; SI, Shock Index; SOFA, Sequential Organ Failure Assessment; SVR,
systemic vascular resistance; VIS, vvasoactive inotropic score.
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