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Abstract

mortality.

Objective: Data on circulating total antioxidant capacity (TAC) levels in ischemic stroke patients compared with
healthy controls are limited and provided conflicting findings. There are not data about the association between
circulating TAC levels, peroxidation state and outcome in patients with severe ischemic stroke. The objective of this
study was to examine the relationship of TAC with 30-day mortality after severe ischemic stroke.

Methods: This multicenter study included 58 patients with coma (Glasgow Coma Scale < 9) following severe
malignant middle cerebral artery infarction (MMCAI). We measured circulating levels of TAC and malondialdehyde
(MDA, a biomarker of lipid peroxidation) on day 1 of severe MMCAI diagnosis. The study endpoint was 30-day

Results: Non-survivors (n = 29) showed higher serum TAC levels (p < 0.001) and higher serum MDA levels (p = 0.004)

than survivors (n = 29). Multiple binomial logistic regression analysis showed that serum TAC levels were associated
with 30-day mortality, after controlling for Glasgow Coma Scale and age (odds ratio 1.92; 95 % confidence interval
1.201-3.072; p = 0.006). There was a correlation between serum TAC and MDA levels (rho = 0.35; p = 0.008).

Conclusions: This single-center study in severe MMCAI patients found an association between higher serum TAC
levels and 30-day mortality and further identified a relationship between serum TAC levels, lipid peroxidation state

and mortality after severe ischemic stroke.
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Background

Ischemic stroke leads to substantial disability, mortal-
ity and consumption of resources [1]. Increased reactive
oxygen species (ROS) appears during ischemic stroke
and are involved in cellular damage [2-8]. Antioxidant
state may eventually be overwhelmed leading to oxidative
stress, thereby exacerbating damage to proteins, lipids,
carbohydrates and nucleic acids [2-8]. The different anti-
oxidant agents act synergistically to cause further dam-
age; thus, the determination of total antioxidant capacity
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and indicate if changes were made.

(TAC) in serum or plasma could give more information
about the antioxidant status than the determination of
individual antioxidant compounds [9].

Circulating TAC in ischemic stroke patients has been
scarcely studied, and the findings are conflicting [10—
15]. In some studies, it was found that circulating TAC
in ischemic stroke patients was lower than in healthy
control subjects [10-13], while in another study no dif-
ferences in circulating TAC between ischemic stroke
patients and healthy control subjects were found [14].
Finally, in another study was found higher circulating
TAC in ischemic stroke patients than in healthy control
subjects [15]. However, there are not data about the asso-
ciation between circulating TAC levels, peroxidation state
and mortality in patients with ischemic stroke. Thus, the
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objective of this study was to determine whether there is
an association between circulating TAC levels, peroxida-
tion state and mortality in patients with severe malignant
middle cerebral artery infarction (MMCALI).

Methods

Design and patients

This multicenter, observational, prospective study
included patients with severe malignant middle cer-
ebral artery infarction (MMCAI). We used Glasgow
Coma Scale (GCS) to assess the severity of MMCALI [16].
Comatose patients defined by a GCS lower than 9 were
included. Patients with age less than 18 years, pregnancy,
malignant or inflammatory disease were excluded.

The study was carried out in six Spanish intensive care
units and was approved by the institutional review board
of each participant hospitals: Hospital Universitario
Nuestra Sefiora de Candelaria (Santa Cruz de Tenerife,
Spain), Hospital Universitario de Canarias (La Laguna,
Santa Cruz de Tenerife, Spain), Hospital Clinico Univer-
sitario de Valencia (Valencia, Spain), Hospital General de
La Palma (La Palma, Spain), Hospital Universitario Dr.
Negrin (Las Palmas de Gran Canaria, Spain) and Hospi-
tal Insular (Las Palmas de Gran Canaria, Spain). In addi-
tion, the written informed consent was obtained from
legal representatives of the patients.

Previously, we determined serum malondialdehyde
(MDA) levels (to assess the level of lipid peroxidation) in
that cohort of patients with severe MMCAI [17]. In the
current analysis, we have examined the association of
serum TAC levels with mortality.

Variables recorded

For each patient, the following variables were recorded:
activated partial thromboplastin time (aPTT), age,
Acute Physiology and Chronic Health Evaluation II
(APACHE 1I) score [18], bilirubin, creatinine, decom-
pressive craniectomy, fibrinogen, GCS, glycemia, hemo-
globin, international normalized ratio (INR), lactic acid,
leukocytes, pressure of arterial oxygen (PaO,), frac-
tion inspired oxygen (FiO,) ratio, platelets, sex, sodium
and temperature. The endpoint of the study was 30-day
mortality.

Blood sample collection

We collected blood samples in tubes with separator gel
on day 1 of severe MMCALI diagnosis. We considered day
1 as the day that patients showed GCS < 9. Blood sam-
ples were obtained within the first 4 h of severe MMCAI
diagnosis. We obtained serum samples by centrifugation
at 1000x g for 15 min after coagulation during 10 min at
room temperature. Then, the serum samples were ali-
quoted and frozen, until determination, at —80 °C.
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Determination of serum TAC levels

We determined TAC in serum samples using antioxidant
assay kit (Cayman Chemical Corporation, Ann Arbor,
USA). The assay is based on the ability to inhibit the oxi-
dation of ABTS® (2,2’-azino-di-[3-ethylbenzthiazoline
sulfonate]) to ABTS®" by metmyoglobin by antioxidants
of the serum sample. The antioxidant capacity from the
serum sample to prevent ABTS oxidation is compared
with that by Trolox (a water-soluble tocopherol analog)
and was quantified as molar Trolox equivalents. We
assayed all samples, following manufacturer’s instruc-
tions, in duplicate at 20-fold dilutions in assay buffer.
Absorbances at 750 nm using the EnSpire multimode
plate reader (PerkinElmer, Waltham, MA, USA) were
measured. Serum TAC levels were expressed in mmol/L.
The assay detection limit was of 0.04 mmol/L; and the
inter- and intra-assay coefficient of variation (CV) was
3.0 and 3.4 %, respectively. All serum samples were pro-
cessed at the same time, at the end of the recruitment
process, to avoid the possible dispersion of results. A
laboratory technician blinded to all clinical data of the
Laboratory Deparment of the Hospital Universitario de
Canarias (La Laguna, Tenerife, Spain) processed all the
samples.

Determination of serum malondialdehyde (MDA) levels

To asses lipid peroxidation, serum MDA levels were
measured [19]. MDA is an end product formed during
degradation of cellular membrane phospholipids due
to lipid peroxidation, after is released into extracellular
space and the blood.

We determined serum MDA levels by thiobarbitu-
ric acid-reactive substance (TBARS) method described
by Kikugawa et al. [20]. We use n-butanol to remove
the pink complex samples. We placed each sample in
a 96-well plate and read it in a microplate spectropho-
tometer reader (Benchmark Plus, Bio-Rad, Hercules,
CA, USA) at 535 nm. The assay detection limit was of
0.079 nmol/ml. The inter- and intra-assay CV was 4.01
and 1.82 %, respectively. Serum MDA concentrations
were expressed in nmol/ml. All serum samples were pro-
cessed at the same time, at the end of the recruitment
process, to avoid the possible dispersion of results. A
laboratory technician blinded to all clinical data of the
Department of Physiology, Faculty of Medicine (Univer-
sity of the La Laguna, Santa Cruz de Tenerife, Spain),
processed all the samples.

Statistical methods

We reported categorical variables as frequencies and
percentages, and we carried out comparisons between
groups using Chi-square test. We reported continu-
ous variables as medians and interquartile ranges, and
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we carried out comparisons between groups using Wil-
coxon—Mann—Whitney test.

Goodness of fit for serum TAC levels to predict 30-day
mortality was carried out with a receiver operating char-
acteristic (ROC) analysis. We performed a Kaplan—Meier
of survival analysis, using serum TAC lower/higher than
3.39 mmol/mL as the independent variable and survival
at 30 days as the dependent variable; and both curves
were compared by log-rank test. We used Youden’s index
to select the cutoff point for serum TAC levels.

We used multiple logistic regression analysis to deter-
mine the association between serum TAC levels and
30-day mortality, controlling for GCS and age. We calcu-
lated odds ratio and 95 % confidence intervals to measure
the clinical impact of the predictor variables. The associa-
tion between continuous variables was carried out using
Spearman’s rank correlation test.
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We performed statistical analyses using SPSS 17.0
(SPSS Inc., Chicago, IL, USA), NCSS 2000 (Kaysville,
Utah) and LogXact 4.1, (Cytel Co., Cambridge, MA).
All p values less than 0.05 were considered statistically
significant.

Results
Table 1 shows the comparisons between survivors
(N = 29) and non-survivors (N = 29) MMCALI patients.
Non-survivors had lower GCS (p = 0.02), higher serum
TAC levels (p < 0.001) and higher serum MDA levels
(p = 0.004) than survivors (Figs. 1, 2). No patient under-
went endovascular thrombectomy.

We found that the area under the curve (AUC) for
serum TAC levels as predictor of 30-day mortality was of
0.82 (95 % CI 0.70-0.91; p < 0.001) (Fig. 3).

Table 1 Comparison between survivor and non-survivor severe MMCAI patients

Survivors (n = 29) Non-survivors (n = 29) p value

Sex female—n (%) 13 (44.8) 1(37.9) 0.79
Age (years)—median (p 25-75) 57 (47-67) 64 (54-70) 0.08
Temperature (°C)—median (p 25-75) 6.4 (35.8-37.0) 37.0 (36.0—3746) 0.18
C-reactive protein (mg/L)—median (p 25-75) 19 (5-45) 7 (12-48) 0.39
Timing of coma—n (%) 0.97

At hospital admission 19 (65. 20 (69.0)

Within first 24 h of hospital admission 5(7. 5172

24-48 h of hospital admission 134 1(34)

48-96 h of hospital admission 269 2 (6.9)

More than 96 h of hospital admission 269 1(34)
Thrombolysis—n (%) 10 (34.5 9(31.0) 0.99
Decompressive craniectomy—n (%) 8(27.6) 5(17.2) 0.53
Sodium (mEg/L)—median (p 25-75) 139 (136-145) 140 (139-146) 041
Glycemia (g/dL)—median (p 25-75) 128 (100-170) 135 (105-160) 0.99
Leukocytes x 10°/mm>*—median (p 25-75) 12.5(9.5-16.9) 9(93-214) 043
PaO, (mmHg)—median (p 25-75) 137 (104-207) 4 (86-153) 0.26
PaO,/FiO, ratio—median (p 25-75) 300 (197-372) 248 (184~ 330) 0.23
Bilirubin (mg/dl)—median (p 25-75) 0.70 (0.40-0.95) 0.70(0.33-1.10) 0.87
Creatinine (mg/dl)—median (p 25-75) 0.80 (0.60-1.15) 00 (0.76-1.28) 0.12
Hemoglobin (g/dL)—median (p 25-75) 12.2 (1 14-14.4) 7 (1 4.9) 0.78
Glasgow Coma Scale score—median (p 25-75) 7 (6— 6(3— ) 0.02
Lactic acid (mmol/L)—median (p 25-75) 1.30 (O 90-1.70) 40 (1.00-2.10) 0.25
Platelets x 10°/mm>—median (p 25-75) (170 280) 70 (131- z12) 0.008
INR—median (p 25-75) 1 09( -1.20) (1 05-1 0.10
aPTT (seconds)—median (p 25-75) 8 (26-30) 7 (26~ 32) 0.77
Fibrinogen (mg/dl)—median (p 25-75) 440 (335-494) 9(311-631) 0.82
APACHE Il score—median (p 25-75) 20 (16-26) 22 (19-28) 0.22
Malondialdehyde (nmol/mL)—median (p 25-75) 1.90(1.24-242) 2.93(1.83-3.77) 0.004
TAC (mmol/mL)—median (p 25-75) 2.38(1.83-3.35) 5.33(3.27-11.40) <0.001

p percentile, PaO, pressure of arterial oxygen, FIO, pressure of arterial oxygen/fraction inspired oxygen, INR international normalized ratio, aPTT activated partial
thromboplastin time, APACHE Il Acute Physiology and Chronic Health Evaluation II, TAC total antioxidant capacity
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Fig. 1 Dot plot of serum total antioxidant capacity (TAC) levels in
survivors and non-survivors at 30 days

In the survival analysis, patients with serum TAC
higher than 3.39 mmol/mL had higher 30-day mortality
than patients with lower serum TAC levels (hazard ratio
4.5; 95 % CI 2.09-9.45; p < 0.001) (Fig. 4).

We found in the multiple binomial logistic regression
analysis that serum TAC levels were associated with
30-day mortality (odds ratio 1.92; 95 % CI 1.201-3.072;
p = 0.006) after adjusting for GCS and age (Table 2).

We also found a correlation between serum TAC and
MDA levels (rho = 0.35; p = 0.008).

Discussion

The main finding of our study was that in severe MMCAI
patients non-survivors had higher serum TAC levels than
survivors and that serum TAC levels could be used as a
prognostic biomarker of mortality in MMCAI patients.

P=0.004
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Fig. 2 Dot plot of serum malondialdehyde levels in survivors and

non-survivors at 30 days
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Table 2 Multiple binomial logistic regression analysis
to predict 30-day mortality

Variable Odds ratio 95 % confidence p
interval
Glasgow Coma 0.69 0.478-0.997 0.048
Scale (points)
Age (years) 1.02 0.964-1.077 0.51
Serum TAC levels 1.92 1.201-3.072 0.006

(mmol/mL)

We also found an association between serum TAC levels
and lipid peroxidation state in severe MMCALI patients.
Previously, some studies compared circulating TAC
between ischemic stroke patients and healthy subjects,
and there were found conflicting findings [10—15]. In our
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study, we found higher serum TAC levels in non-surviv-
ing than in surviving severe MMCAI patients for the first
time. In addition, according to the results of the multi-
ple logistic regression analysis, there was an association
between circulating TAC levels and mortality in patients
with severe MMCAI and that may be the major novel
finding of our study.

Some studies reported lower circulating TAC and
higher circulating MDA levels in ischemic stroke patients
than in healthy control subjects [10, 13]. However, in
one study higher circulating TAC and nitric oxide levels
in ischemic stroke patients than in healthy control sub-
jects were found [15]. Furthermore, higher circulating
hydroperoxides and a tendency to higher circulating TAC
levels in ischemic stroke patients compared with healthy
control subjects were observed [14]. The findings of our
study are in line with some of those previous studies [14,
15]. However, while previous studies compared circu-
lating TAC levels between ischemic stroke patients and
healthy control subjects, in the present analysis we com-
pared circulating TAC levels between non-survivors and
survivor patients with severe ischemic stroke.

In addition, the findings of our study are in line with
the results of other studies showing higher circulat-
ing TAC levels in non-survivor compared with survivor
patients, and an association between circulating TAC
levels and patient mortality, such as in septic patients
[21] and traumatic brain injury patients [22]. We report
for the first time that serum TAC levels could be used as
a predictor biomarker of mortality in patients with severe
MMCALI according to the results of ROC curve analysis.
In addition, the other novel aspect of our study was the
positive association between serum TAC levels and lipid
peroxidation (assessed by serum MDA levels).

The association that we have found between increased
serum TAC levels and mortality in patients with severe
MMCAI could seem initially counterintuitive because
improved protection against oxidative processes would
instead protect the brain against reactive oxygen species
(ROS)-induced damage. However, we think that the find-
ings of previous studies showing a higher oxidative state
in patients with ischemic stroke compared with healthy
control subjects [10, 13—15], and the findings of our study
showing higher circulating TAC and MDA levels in non-
survivors compared to survivors patients with severe
MMCALI could reflect that there is an oxidative state in
stroke and that it is higher in non-surviving patients. We
postulate that non-surviving MMCAI patients display
higher serum TAC levels to compensate the higher ROS
production, as it was observed by our group in severe sep-
tic patients [21] and in patients with severe traumatic brain
injury [22]; thus, non-surviving patients showed higher
serum levels of TAC and MDA than surviving patients.
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From a therapeutic perspective, the development of
antioxidant agents could be used as a new class of drugs
for the treatment of patients with MMCAI. The use of
melatonin has reduced circulating MDA levels and mor-
tality rate in asphyxiated newborns patients [23] and
septic newborns patients [24]. The administration of dif-
ferent antioxidant agents (vitamins E and C, zinc sulfate,
allopurinol, melatonin and N-acetylcysteine) has reduced
circulating MDA levels and mortality rate in burn
patients [25]. The use of amantadine sulfate has reduced
MDA levels and mortality in traumatic brain injury
patients [26]. The administration of different antioxidant
vitamins (E, C, B2, B6, B9 and B12) in acute ischemic
stroke patients has been associated with a reduction in
circulating MDA levels [27].

Some limitations should be recognized in our study.
First, we did not determine serum TAC levels in healthy
control subjects; however, the objective of our study was
not to determine whether there is difference between
ischemic stroke patients and healthy control subjects,
but rather the association between serum TAC levels and
mortality. Second, we did not measure serum TAC levels
in patients with middle cerebral artery infarction without
malignant criteria. Third, we did not determine serum
TAC levels during follow-up. Fourth, we have found a
higher variability (4.3 %) in serum TAC levels that men-
tioned by the manufacturer (3.4 %); however, our vari-
ability is acceptable. Fifth, the sensitivity and specificity
of serum TAC levels as prognostic biomarker of mortal-
ity were not very high; however, both were statistically
significant. We think that the sole use of serum TAC lev-
els as prognostic biomarker of mortality in patients with
severe malignant MMCALI should be taken with caution.
Sixth, we did not report the National Institutes of Health
Stroke Scale (NIHSS) due to the difficulty to evaluate the
different items of this scale in our patients with GCS < 9.
Seventh, the rate of decompressive craniectomy in our
series was relatively low (22.4 %), although in line with
published series [28—-30]. Pending further larger studies,
we believe that the findings of our study could open the
way for future research on TAC and oxidative stress in
ischemic stroke patients.

Conclusions

Higher serum TAC levels are associated with mortality in
patients with severe ischemic stroke and could be used as
a prognostic biomarker of outcome.

Authors’ contributions

LL conceived and designed the experiments. LL, MMM, APC, PAG, LR, MA, JJC
and JSV acquired the data. APC was involved in serum TAC analysis. PAG was
involved in serum MDA analysis. LL and AJ analyzed the data. LL wrote the
paper. All authors revised the manuscript critically for important intellectual
content. All authors read and approved the final manuscript.



Lorente et al. Ann. Intensive Care (2016) 6:39

Author details

!Intensive Care Unit, Hospital Universitario de Canarias, Ofra, s/n, 38320 La
Laguna, Santa Cruz de Tenerife, Spain. 2 Intensive Care Unit, Hospital Universi-
tario Nuestra Sefiora de Candelaria, Crta del Rosario s/n, 38010 Santa Cruz de
Tenerife, Spain. 3 Laboratory Department, Hospital Universitario de Canarias,
Ofra, s/n, 38320 La Laguna, Santa Cruz de Tenerife, Spain. 4 Department

of Physiology, Faculty of Medicine, University of the La Laguna, Santa Cruz de
Tenerife, Spain. 5 Intensive Care Unit, Hospital General La Palma, Buenavista de
Arriba s/n, Brefia Alta, 38713 La Palma, Spain. ® Intensive Care Unit, Hospital
Clinico Universitario de Valencia, Avda. Blasco Ibafnez n°17-19, 46004 Valencia,
Spain. ” Intensive Care Unit, Hospital Insular, Plaza Dr. Pasteur s/n, 35016 Las
Palmas de Gran Canaria, Spain. 8 Intensive Care Unit, Hospital Universitario Dr.
Negrin, CIBERES, Barranco de la Ballena s/n, 35010 Las Palmas de Gran Canaria,
Spain. 9 Research Unit, Hospital Universitario de Canarias, Ofra, s/n, 38320 La
Laguna, Santa Cruz de Tenerife, Spain.

Competing interests
The authors declare that they have no competing interests.

Received: 3 February 2016 Accepted: 11 April 2016
Published online: 23 April 2016

References

1. Adams HP Jr, del Zoppo G, Alberts MJ, Bhatt DL, Brass L, Furlan A, et al,
American Heart Association, American Stroke Association Stroke Council,
Clinical Cardiology Council, Cardiovascular Radiology and Intervention
Council, Atherosclerotic Peripheral Vascular Disease and Quality of Care
Outcomes in Research Interdisciplinary Working Groups. Guidelines for
the early management of adults with ischemic stroke: a guideline from
the American Heart Association/American Stroke Association Stroke
Council, Clinical Cardiology Council, Cardiovascular Radiology and Inter-
vention Council, and the Atherosclerotic Peripheral Vascular Disease and
Quiality of Care Outcomes in Research Interdisciplinary Working Groups:
the American Academy of Neurology affirms the value of this guideline
as an educational tool for neurologists. Stroke. 2007;38:1655-11.

2. Bar-Or D, Bar-Or R, Rael L, Brody EN. Oxidative stress in severe acute ill-
ness. Redox Biol. 2015;4:340-5.

3. Radak D, Resanovic |, Isenovic ER. Link between oxidative stress and acute
brain ischemia. Angiology. 2014;65:667-76.

4. Rodrigo R, Ferndndez-Gajardo R, Gutiérrez R, Matamala JM, Carrasco
R, Miranda-Merchak A, et al. Oxidative stress and pathophysiology of
ischemic stroke: novel therapeutic opportunities. CNS Neurol Disord
Drug Targets. 2013;12:698-714.

5. Manzanero S, Santro T, Arumugam TV. Neuronal oxidative stress in acute
ischemic stroke: sources and contribution to cell injury. Neurochem Int.
2013,62:712-8.

6. Pradeep H, Diya JB, Shashikumar S, Rajanikant GK. Oxidative stress—
assassin behind the ischemic stroke. Folia Neuropathol. 2012;50:219-30.

7. Olmez|, Ozyurt H. Reactive oxygen species and ischemic cerebrovascular
disease. Neurochem Int. 2012;60:208-12.

8. Warner DS, Sheng H, Batinié-Haberle I. Oxidants, antioxidants and the
ischemic brain. J Exp Biol. 2004,207:3221-31.

9. Ghiselli A, Serafini M, Natella F, Scaccini C. Total antioxidant capacity as a
tool to assess redox status: critical view and experimental data. Free Radic
Biol Med. 2000;29:1106-14.

10. Cojocaru IM, Cojocaru M, Sapira V, lonescu A. Evaluation of oxida-
tive stress in patients with acute ischemic stroke. Rom J Intern Med.
2013;51:97-106.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Page 6 of 6

. Ciancarelli I, De Amicis D, Di Massimo C, Carolei A, Ciancarelli MG. Oxida-

tive stress in post-acute ischemic stroke patients after intensive neurore-
habilitation. Curr Neurovasc Res. 2012;9:266-73.

Lagowska-Lenard M, Stelmasiak Z, Bartosik-Psujek H. Influence of vitamin
C on markers of oxidative stress in the earliest period of ischemic stroke.
Pharmacol Rep. 2010,62:751-6.

Yang TH, Chang CY, Hu ML. Various forms of homocysteine and oxidative
status in the plasma of ischemic-stroke patients as compared to healthy
controls. Clin Biochem. 2004;37:494-9.

Altamura C, Squitti R, Pasqualetti P, Gaudino C, Palazzo P, Tibuzzi F, et al.
Ceruloplasmin/transferrin system is related to clinical status in acute
stroke. Stroke. 2009;40:1282-8.

Guldiken B, Demir M, Guldiken S, Turgut N, Turgut B, Tugrul A. Oxidative
stress and total antioxidant capacity in diabetic and nondiabetic acute
ischemic stroke patients. Clin Appl Thromb Hemost. 2009;15:695-700.
Teasdale G, Jennett B. Assessment of coma and impaired consciousness:
a practical scale. Lancet. 1974,2:81-4.

Lorente L, Martin MM, Abreu-Gonzalez P, Ramos L, Argueso M, Solé-
Violdn J, Riano-Ruiz M, Jiménez A. Serum malondialdehyde levels in
patients with malignant middle cerebral artery infarction are associated
with mortality. PLoS One. 2015;10:¢0125893.

Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of
disease classification system. Crit Care Med. 1985;13:818-29.

Draper HH, Hadley M. Malondialdehyde determination as index of lipid
peroxidation. Methods Enzymol. 1990;186:421-31.

Kikugawa K, Kojima T, Yamaki S, Kosugi H. Interpretation of the thiobarbi-
turic acid reactivity of rat liver and brain homogenates in the pres-

ence of ferric ion and ethylenediaminetetraacetic acid. Anal Biochem.
1992;202:249-55.

Lorente L, Martin MM, Almeida T, Abreu-Gonzalez P, Ferreres J, Solé-Violan
J, et al. Association between serum total antioxidant capacity and mortal-
ity in severe septic patients. J Crit Care. 2015;30:217.e7-12.

Lorente L, Martin MM, Almeida T, Abreu-Gonzalez P, Ramos L, Argueso M,
et al. Total antioxidant capacity is associated with mortality of patients
with severe traumatic brain injury. BMC Neurol. 2015;15:115.

Fulia F, Gitto E, Cuzzocrea S, Reiter RJ, Dugo L, Gitto P, Barberi S, Cordaro
S, Barberi I. Increased levels of malondialdehyde and nitrite/nitrate in the
blood of asphyxiated newborns: reduction by melatonin. J Pineal Res.
2001;31:343-9.

Gitto E, Karbownik M, Reiter RJ, Tan DX, Cuzzocrea S, Chiurazzi P, Cordaro
S, Corona G, Trimarchi G, Barberi I. Effects of melatonin treatment in
septic newborns. Pediatr Res. 2001;50:756-60.

Sahib AS, Al-Jawad FH, Alkaisy AA. Effect of antioxidants on the inci-
dence of wound infection in burn patients. Ann Burns Fire Disasters.
2010;23:199-205.

Saniova B, Drobny M, Lehotsky J, Sulaj M, Schudichova J. Biochemical and
clinical improvement of cytotoxic state by amantadine sulphate. Cell Mol
Neurobiol. 2006;26:1475-82.

Ullegaddi R, Powers HJ, Gariballa SE. Antioxidant supplementation with
or without B-group vitamins after acute ischemic stroke: a randomized
controlled trial. JPEN J Parenter Enteral Nutr. 2006;30:108-14.

Walcott BP, Kuklina EV, Nahed BV, George MG, Kahle KT, Simard JM, et al.
Craniectomy for malignant cerebral infarction: prevalence and outcomes
in US hospitals. PLoS One. 2011;6:229193.

Bar M, Mikulik R, Skoloudik D, Czerny D, Lipina R, Sames M, et al. Decom-
pressive surgery for malignant supratentorial infarction remains underuti-
lized after guideline publication. J Neurol. 2011;258:1689-94.

Suyama K, Horie N, Hayashi K, Nagata I. Nationwide survey of decompres-
sive hemicraniectomy for malignant middle cerebral artery infarction in
Japan. World Neurosurg. 2014;82(6):1158-63.



	Association between total antioxidant capacity and mortality in ischemic stroke patients
	Abstract 
	Objective: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Design and patients
	Variables recorded
	Blood sample collection
	Determination of serum TAC levels
	Determination of serum malondialdehyde (MDA) levels
	Statistical methods

	Results
	Discussion
	Conclusions
	Authors’ contributions
	References




