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Assessment of oxidative stress after out-of-hospital cardiac arrest
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Introduction: Pathophysiology of cardiac arrest corresponds to awhole body ischemia-reperfusion. This phenom-
enon is usually associatedwith an oxidative stress in various settings, but few data are available on cardiac arrest
in human. The aim of the present study was to evaluate different oxidative stress markers in out-of-hospital car-
diac arrest (OHCA) patients treated with therapeutic hypothermia.
Materials andmethods:We conducted a prospective study assessing oxidative stress markers (thiobarbituric acid
reactive species, carbonyls, thiols, glutathione, and glutathione peroxidase) in OHCA patients treated with ther-
apeutic hypothermia. Measurements were performed during the 4 days after admission and compared between
good and poor outcome patients according to Cerebral Performance Category.
Results: Thirty-four patients were included, 10 good and 24 poor outcomes at 6months. Thiobarbituric acid reac-
tive species were higher in the poor outcome group on admission and when therapeutic hypothermia was
reached. The othermarkers were not different between groups. Nomarkers seemedmodified by the use of ther-
apeutic hypothermia in each group.
Conclusions: After OHCA, good outcome patients exhibit lower oxidative stress markers than poor outcome pa-
tients. Thiobarbituric acid reactive species appears to be an early prognostic parameter. Oxidative stressmarkers
seem not mitigated by therapeutic hypothermia.

© 2016 Elsevier Inc. All rights reserved.

1. Introduction

Out-of-hospital cardiac arrest (OHCA) is a major health problem
with a poor prognosis [1,2]. After resuscitation, unfavorable outcome re-
sults mainly from the complications of postreperfusion syndrome [3].
Refractory shock state andmultiorgan failure are responsible of early fa-
talities. Lately, most of patients die of irreversible brain damage. Patho-
physiology of resuscitated cardiac arrest represents a whole body
ischemia/reperfusion. This phenomenon leads to an oxidative stress
and a generalized nonspecific inflammation [4]. Oxidative stress results
from an imbalance between reactive oxygen species (ROS) production
and antioxidant defenses levels. A massive generation of ROS occurs in
the minutes after reperfusion, but few clinical studies confirmed these
laboratory data [5]. Actually, ROS are very unstable with a short half-
life, and their measurement techniques are cumbersome. Most of the
time, oxidative stress markers are measured as a substitute of ROS

because they aremore stable. They reflect the interaction and the subse-
quent injuries of ROS with different cell components. Thiobarbituric
acid reactive species (TBARS) and malondialdehyde (MDA) are specific
of lipid peroxidation, and carbonyls reflect protein oxidation. On the
other hand, reductions in antioxidant levels be it enzymatic (superoxide
dismutase, catalase, glutathione peroxidase) or nonenzymatic (gluta-
thione, thiols, vitamins…) are most frequently measured as indicators
of oxidative stress. Thus, glutathione, one of the main antioxidants, is
decreased in multiorgan failure patients [6]. The antioxidant enzyme
glutathione peroxidase shows an increased activity when facing an ox-
idative stress situation. Several laboratory data begin to unravel the as-
sociation between cardiac arrest and oxidative stress. For example,
plasma lipid peroxidation and DNA damage marker are correlated to
myocardial dysfunction in a model of cardiac arrest [7]. In another ani-
mal model, the level of oxidative stress due to the percentage of oxygen
during reperfusion is associated to outcome [8]. Unfortunately, clinical
data exploring the relations between oxidative stress and cardiac arrest
are scarce. Endothelial cells incubated with plasma from cardiac arrest
patients exhibit the features of oxidative stress with an increased ROS
generation and a diminution of antioxidant defenses [9]. In another
study, thioredoxin, a protein induced by oxidative stress and inflamma-
tion,was higher in nonsurvivor than in survivor after cardiac arrest [10].
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Therapeutic hypothermia has been used decades ago in themanage-
ment of cardiac arrest patients, but its utilization waned due to compli-
cations [11]. Recent articles brought back this therapy under the light.
To date, it is the only intervention improving mortality and neurologic
outcome [12,13]. Several hypotheses were suggested to explain these
effects: mitigation of the postreperfusion oxidative stress and inflam-
mation, a decreased cerebral oxygen consumption, and reduction of
excitotoxicity. Laboratory data support some of these assumptions,
showing a decrease in oxidative stress correlated to therapeutic hypo-
thermia [14,15]. However, few clinical data are available. Recently, it
has been shown that temperature changes during therapeutic hypo-
thermia and rewarming could affect the course of proinflammatory
and anti-inflammatory molecules [16].

Because laboratory and clinical data suggest a temperature mitiga-
tion of oxidative stress, we investigated the changes in oxidative stress
markers during therapeutic hypothermia after OHCA and their associa-
tion with prognosis.

2. Materials and methods

2.1. Patient selection

After approval from the local ethics committee (Comité de Protec-
tion des Personnes SudMéditerrranée V, study number 06.008), we in-
cluded prospectively comatose patients resuscitated from an OHCA
treated with therapeutic hypothermia. Written informed consent was
obtained from the next of kin before enrollment. As therapeutic hypo-
thermia is a standard of care, we considered unethical the comparison
to a normothermic group. All patients aged 18 to 80 years admitted
for OHCA from cardiac or respiratory causes were eligible. Those with
resuscitation longer than 60minutes, fraction of inspired oxygen higher
than 60% 1 hour after admission, refractory shock, and moribund pa-
tients were excluded.

2.2. Patients' management

Once the prehospital team obtained return of spontaneous circula-
tion, coronary angiography and percutaneous coronary intervention
were performed if needed. Then patientswere admitted to the intensive
care unit of our tertiary care university hospital. According to ILCOR rec-
ommendations, patientswere cooled to 34°C [17]. To reach this goal, ex-
ternal methods were used consisting of ice packs placed on main
vascular accesses and torso and fans. Therapeutic hypothermia was
maintained during 24 hours, followed by passive rewarming to normo-
thermia (37°C). Temperature was continuously monitored by a Foley

catheter with a temperature sensor (Level 1; Smith Medical ASD,
Rockland, MA). Patients were given an association of midazolam and
fentanyl during hypothermia and paralyzed using continuous infusion
of cisatracurium. All patients were intubated andmechanically ventilat-
ed aiming at a PaO2 between 75 and 100 mmHg and PaCO2 between 35
and 45mmHg. A central venous catheter was inserted in the subclavian
or jugular vein, and an arterial line was inserted in the radial or femoral
artery for monitoring of blood pressure and sampling of arterial blood.
Mean arterial blood pressure was maintained greater than 80 mm Hg,
and diuresis was aimed greater than 0.5 mL/kg per hour. Patients
were given fluid infusion or dobutamine or norepinephrine to reach
this goal, according to hemodynamicmonitoring data. Hemoglobin con-
centration was kept greater than 10 g/dL. Glucose was maintained be-
tween 0.8 and 1.2 g/dL by continuous insulin infusion according to our
local protocol.

2.3. Study protocol

Assessment of oxidative stress was evaluated by different parame-
ters: markers of lipid peroxidation (TBARS) and protein oxidation
(carbonyls) and antioxidant defenses (glutathione, thiol radicals, gluta-
thione peroxidase activity) (Fig. 1). These measurements were per-
formed on arterial blood at different time points: on admission (T0),
at 34°C (T1), after 12 hours at 34°C (T2), after 24 hours at 34°C (T3),
after rewarming to 37°C (T4), and on day 4 (T5).

Arterial blood sampleswere collected in lithiumheparin vacutainers
as an anticoagulant. Four hundred microliters of whole blood was col-
lected in 3.6 mL of metaphosphoric acid for the determination of total
glutathione. After centrifugation (4000g, 10 minutes, 4°C), total gluta-
thione was determined enzymatically in the acidic protein-free super-
natant. The rest of whole blood was centrifuged to separate the
plasma for thiols, TBARS, glutathione peroxidase, and carbonyls mea-
surements. Plasma was collected in Eppendorff sterile tubes and stored
at −80°C until assayed. Lipid peroxidation intermediates were mea-
sured by the plasma thiobarbituric acid reactive substances. Thiobarbi-
turic acid reactive species are products of the oxidative degradation of
polyunsaturated fatty acids, in particular MDA. We used the modified
method of Ohkawa et al [18], based on the reaction of aldehyde func-
tions of MDA released by acid hydrolysis at 95°C with thiobarbituric
acid forming a pink-colored complex quantified by fluorimetry. Plasma
carbonyl assay is based on the reaction of carbonyl groups in protein
with 2,4-dinitrophenylhydrazine to form 2,4-dinitrophenylhydrazone,
which was estimated spectrophotometrically at 380 nm after trichloro-
acetic acid precipitation of proteins. Glutathione peroxidase activitywas
determined by the modified method of Gunzler using tert-butyl hydro-
peroxide as substrate [19]. The measurement of plasma thiol groups
was performed using Ellman's reagent and determined spectrophoto-
metrically at 412 nm [20]. All reagents were purchased from Sigma (St
Louis, MO).

Collected variables included the patient's demographic and
prehospital data on admission (“no flow” and “low flow” durations,
drugs infused, defibrillation). Hemodynamic parameters, temperature,
and SpO2 were measured continuously. Outcome was assessed using
the Cerebral Performance Category scale (CPC) ranging from 1 to 5 at
6 months. Cerebral Performance Category 1 and 2 were considered fa-
vorable outcome, and CPC 3 to 5 were considered unfavorable.

Table
Demographic data of the population

Study
population

Good outcome
(CPC 1 and 2)

Poor outcome
(CPC 3-5)

Age (y) 58 (22-77) 60 (46-71) 57 (22-77)
No flow time (min) 10 (5-15) 13 (8-15) 10 (5-15)
Low flow time (min) 15 (10-30) 10 (5-30) 16 (10-30)

Fig. 1. Study protocol.
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