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INTRODUCTION

The management of critically ill polytrauma patients is 
complex and often pose a challenge to the intensive care team. 
Multiple traumas, prolonged mechanical ventilation (PMV), 
sepsis, pathophysiological disturbances, and posttraumatic 
changes in biochemical pathways, significantly reduce the 
survival rate in these patients [1]. Recently, molecular dam-
age and its effect on the clinical outcome in critically ill pol-
ytrauma patients has been discussed on a larger scale. One of 

the most important biochemical processes that can result in a 
damage of cells and tissues is the production of reactive oxy-
gen species (ROS) and disruption of redox homeostasis [2-4]. 
Increased concentrations of free radicals (FRs) and decreased 
antioxidant capacity lead to oxidative stress (OS) [5]. Critically 
ill polytrauma patients have a drastically increased produc-
tion of FRs which affects different biochemical pathways as 
well as mitochondrial function. Moreover, this process results 
in lipid peroxidation and the disruption of the phospholipid 
membrane bilayer and cellular integrity [6]. In this state, an 
uncontrolled inflammatory response is triggered and infec-
tions are increased, leading to multiple organ dysfunction syn-
drome (MODS). In addition, trauma-related complications 
during surgery can significantly reduce the patient survival 
rate. Those that considerably affect the clinical prognosis of 
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ABSTRACT

Critically ill polytrauma patients have increased production of free radicals (FRs) and consequent alterations in biochemical pathways, as well 
as disruption of cellular integrity, due to increased lipid peroxidation. The aim of this study was to investigate several biomarkers associated 
with increased oxidative stress in critically ill polytrauma patients, and to evaluate the effect of antioxidant treatment on the clinical outcome 
in these patients. A total of 67 polytrauma patients from an intensive care unit met the selection criteria. Antiox group included 35/67 patients 
who received antioxidant therapy, while 32/67 patients without antioxidant treatment were considered as control group. Antioxidant therapy 
consisted of simultaneous administration of Vitamin C (sodium ascorbate) and N-acetylcysteine, through continuous intravenous infusion. 
Clinical and paraclinical evaluation of the patients was performed daily until discharge or death. At admission, laboratory parameters did not 
differ significantly between two groups. At discharge/upon death, statistically significant differences in favor of Antiox group were observed in 
the following parameters: thrombocytes, activated partial thromboplastin time, prothrombin time, total bilirubin, total cholesterol, high-den-
sity lipoproteins, low-density lipoproteins, erythrocyte sedimentation rate, interleukin 6 (all p = 0.0001), total protein (p = 0.0005), serum albu-
min (p = 0.0004), lactate dehydrogenase (p = 0.0006), and C-reactive protein (p = 0.0014). Starting from day 5, the APACHE II score was sig-
nificantly decreased in Antiox versus control group (p < 0.05). Finally, the sepsis incidence and mortality rate were significantly lower in Antiox 
group (p < 0.05). Decreasing the level of oxidative stress by antioxidant substances significantly correlated with a better prognosis and outcome 
in our patients. Further studies should elucidate more clearly the mechanism of action of antioxidants in critically ill polytrauma patients.
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patients include: craniocerebral trauma, spinal cord trauma, 
thoracic trauma, abdominal trauma, and trauma to the 
extremities [6-8].

The role of antioxidant therapy in reversing or minimiz-
ing the damage caused by impaired redox control has been 
emphasized [9-11]. However, contradictory results were also 
reported, probably due to the lack of guidelines on dosage and 
combination therapy. In this prospective study, we investi-
gated several biomarkers associated with oxidative stress, in 
critically ill polytrauma patients. In addition, we evaluated 
the effect of antioxidant treatment on the clinical outcome in 
these patients.

MATERIALS AND METHODS

Patients

This prospective study was performed at the Intensive 
Care Unit „Casa Austria” (ICU-CA), of the Emergency County 
Hospital „Pius Brinzeu” in Timisoara. All patients admitted to 
the ICU-CA between January 2014 and December 2015 were 
consecutively included in the study. The inclusion criteria 
were an Injury Severity Score (ISS) > 16 and age > 18  years. 
The study was approved by the Clinical Ethics Committee of 
our hospital and registered at ClinicalTrials.gov with number 
NCT03095430.

Data collection and processing

The demographic and clinical data of the patients had 
been securely stored in the hospital database. The personal 
identification data were not included.

At the time of admission, the following data were obtained: 
age, sex, ISS, Acute Physiology and Chronic Health Evaluation 
II (APACHE II), Glasgow Coma Scale (GCS), systolic blood 
pressure (SBP), heart rate (HR), temperature (T), partial oxy-
gen arterial pressure (PaO2)/fraction of inspired oxygen (FiO2) 
ratio, lactate (Lac) level, and the time between the trauma 
event and admission to the ICU-CA.

The following parameters were recorded on a daily basis, 
at admission, during the first 10 days of admission, and at dis-
charge or until death: thrombocytes (TBCs), international 
normalized ratio (INR), activated partial thromboplastin 
time (APTT), prothrombin time (PT), lactate dehydrogenase 
(LDH), aspartate transaminase (AST), alanine transaminase 
(ALT), total bilirubin (TBIL), total protein (TP), serum albu-
min (S-Alb), total cholesterol (TC), high-density lipoproteins 
(HDL), low-density lipoproteins (LDL), triglycerides (TGs), 
C-reactive protein (CRP), erythrocyte sedimentation rate 
(ESR), fibrinogen (FBN), and interleukin 6 (IL-6). The clini-
cal progress of patients was monitored using the APACHE II 
score.

Antioxidant therapy

Antioxidant therapy included continuous intravenous 
infusions of Vitamin C (sodium ascorbate) 3000 mg/24 hours 
and N-acetylcysteine 1200  mg/24 hours. The therapy was 
administered continuously during the stay of patients at the 
ICU-CA. The protocol for administering the antioxidant sub-
stances was approved by the Ethics Committee of the hospi-
tal. In patients requiring surgical intervention, the antioxidant 
therapy was continued even during the procedure, with the 
same concentrations of active substances.

Statistical analysis

Statistical analysis was performed using GraphPad 
Prism version  6.00 for Mac OS X (GraphPad Software, 
Inc., San Diego, CA, USA). Qualitative variables were pre-
sented as frequencies and percentages and quantitative 
variables as mean ± standard deviation (SD). The average 
values were compared by unpaired t-test and percentages 
by Chi-squared test. Statistical significance was defined as 
p < 0.05.

RESULTS

Patient characteristics

Between 1  January 2014 and 31  December 2014, 
71 patients were admitted to the ICU-CA out of which 32 
met the inclusion criteria and were considered as the con-
trol group. Between 1 January 2015 and 31 December 2015, 
65  patients were admitted to the ICU-CA, 35/65  patients 
met the selection criteria and were included in the group of 
patients that received antioxidant therapy [Antiox group] 
(Figure  1). In Antiox group, 26 patients (74.3%) were male, 
and the mean age (SD) was 45.62 ± 16.88  years. At admis-
sion, the mean APACHE II was 11.74 ± 7.11 in Antiox group 
compared to 12.09 ± 15.94 in control group (p = 0.9066). 
The mean ISS in Antiox group was 26.43 ± 10.25, compared 
to 24.78 ± 10.35 in control group (p = 0.5147). The GCS in 
Antiox group was 12 ± 4 and it was 13 ± 1 in control group 
(p = 0.1740). In Antiox group, a significant number of 
patients (18 [51.43%]) suffered a traffic accident, 5  (14.28%) 
were admitted due to various types of aggression, and 
12  (34.29%) suffered other types of trauma. Twenty-four 
patients (68.57%) from Antiox group presented with a head 
injury, 30  (85.71%) had a thoracic trauma, 10  (28.57%) had 
an abdominal trauma, and 24 (68.57%) had pelvic and limb 
trauma. The main characteristics of the patients in both 
groups are presented in Table  1. No significant difference 
was observed in the described demographic and clinical 
data between the two groups.
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Laboratory tests

At admission, the results of laboratory tests did not differ sig-
nificantly between the two groups. The patients in Antiox group 
had the following mean values: for coagulation status, TBCs: 
201.22 ± 91.4 × 103/μL, INR: 1.88 ± 3.01, APTT: 72.38 ± 21.68 sec-
onds, and PT: 19.20 ± 15.89 seconds; LDH: 72.98 ± 581.42 U/L; 
AST: 99.69 ± 139.63 U/L, ALT: 123.73 ± 150.07 U/L; TBIL: 11.45 ± 
8.72 µmol/L; for protein status, TP: 49.2 ± 9 g/L and S-Alb: 18.3 ± 
6.1 g/L; for lipid status, TC: 3.31 ± 1.24 mmol/L, HDL: 0.92 ± 0.32 
mmol/L, LDL: 1.31 ± 0.49 mmol/L, and TGs: 1.13 ± 1.06 mmol/L; 
for inflammation status, CRP: 1011.9 ± 647.14 nmol/L, ESR: 28.14 
± 21.54 mm/h, FBN: 2.64 ± 1.92 g/L, and IL-6: 37.21 ± 2.55 pg/mL.

Statistically significant differences were observed between 
the two groups in laboratory results at discharge/upon death, 
as follows: TBCs (p = 0.0001), APTT (p = 0.0001), PT (p = 
0.0001), TBIL (p = 0.0001), TP (p = 0.0005), S-Alb (p = 
0.0004), TC (p = 0.0001), HDL (p = 0.0001), LDL (p = 0.0001), 
LDH (p = 0.0006), CRP (p = 0.0014), ESR (p = 0.0001), and 
IL-6 (p = 0.0001). On the contrary, no statistically significant 
differences were noted for INR (p = 0.115), AST (p = 0.1581), 
ALT (p = 0.054), TGs (p = 0.0664), and FBN (p = 0.0951) 
between Antiox and control group. Figure  2 shows the dis-
tribution of markers of oxidative stress evaluated during the 
hospitalization time in the two groups.

Patients admitted to ICU-CA 
January 2014 – December 2014

(N = 71)

Patients admitted to ICU-CA 
January 2015 – December 2015

(N = 65)

Antioxidant
free

Variables 
analyzed

Inclusion 
criteria

Excluded from
study

(N = 39)

Enrolled in
study 

(N = 32)

YESNO

Inclusion 
criteria

Antioxidant
therapy

Excluded from
study

(N = 30)

Enrolled in
study 

(N = 35)

YES NO

CONTROL GROUP ANTIOX GROUP

FIGURE 1. Patent selection. Between 1 January 2014 and 31 December 2014, 71 critically ill polytrauma patients were admitted to the 
Intensive Care Unit „Casa Austria” (ICU-CA) out of which 32 met the inclusion criteria and were considered as the control group. Between 
1 January 2015 and 31 December 2015, 65 critically ill polytrauma patients were admitted to the ICU-CA, 35/65 patients met the selec-
tion criteria and were included in the group of patients that received antioxidant therapy (Antiox group). The inclusion criteria were an 
Injury Severity Score (ISS) > 16 and age > 18 years.

TABLE  1. Clinical and demographic characteristics at admission of critically ill polytrauma patients who received antioxidant 
therapy (Antiox group) and of those without therapy (control group)

Characteristic Antiox group (n=35) Control group (n=32) p
Age (years), mean (SD) 45.62 (16.88) 42.67 (16.72) > 0.05
Gender (male), % (n) 74.28 (26) 75 (24) 0.4755
APACHE II, mean (SD) 11.74 (7.11) 12.09 (15.94) 0.9066
ISS, mean (SD) 26.43 (10.25) 24.78 (10.35) 0.5147
GCS, mean (SD) 12 (4) 13 (1) 0.1740
SBP (mmHg), mean (SD) 96 (20) 98 (16) 0.6548
HR (bpm), mean (SD) 80 (30) 91 (20) 0.0851
T (degrees Celsius), mean (SD) 36.7 (0.91) 36.5 (1.91) 0.5810
PaO2/FiO2, mean (SD) 145.55 (5.56) 88.33 (13.2) 0.3657
Lac (mmol/mL), mean (SD) 4.89 (1.99) 5.1 (2.5) 0.7037

APACHE II: Acute Physiology and Chronic Health Evaluation II; ISS: Injury Severity Score; GCS: Glasgow Coma Scale; SBP: Systolic blood pressure; HR: Heart 
rate; T: Temperature; PaO

2
/FiO

2
: Partial oxygen arterial pressure/fraction of inspired oxygen; Lac: Lactate
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Patient outcomes

At admission, the mean APACHE II score was 11.74 ± 7.11 
in Antiox group, and it was 12.09 ± 15.94 in control group 
(p = 0.9066). Three days after the admission, the mean APACHE 
II in Antiox group was 10.46 ± 1.12 and 11.95 ± 0.9 in control 
group (p = 0.6043), at the 5th day it was 8 ± 0.99 in Antiox group 
and 10.5 ± 2.1 in control group (p = 0.0111), at the 10th day it was 
7.66 ± 1.21 in Antiox group and 9.35 ± 0.87 in control group (p 
= 0.0100), while at discharge/until death the APACHE II score 
was 3.21 ± 3.5 in Antiox group and 6.05 ± 0.71 in control group 
[p = 0.0001] (Figure 3). Thirteen subjects from Antiox group 
(37.14%) developed sepsis, in comparison to 28 (88.75%) from 
control group (p < 0.05). In Antiox group, 8 patients developed 
MODS (22.85%), which was significantly fewer than in control 
group (21 patients, 64.62%). The percentage of patients requir-
ing mechanical ventilation more than 96 hours was 54.18% 
in Antiox group and 53.21% in control group (p > 0.05). The 
average duration of ICU-CA stay in Antiox group was 14.4 ± 
16.2 days, in comparison to 18.25 ± 32.55 days in control group 
(p = 0.5358). Furthermore, no statistically significant difference 
was shown in the hospitalization time between the two groups, 
which was on average 26.03 ± 20.47 days for Antiox patients 
and 38.68 ± 40.17 days for controls.

Five patients from Antiox group died during the study 
period (14.28%), while 11 deaths were registered in control 
group (33.6%), indicating a statistically significant difference 
in the mortality rate between the two groups [p < 0.05] 
(Table 2).

DISCUSSION

In critically ill polytrauma patients, impaired redox con-
trol significantly affects the clinical status and progress of the 
patients. One of the main biochemical pathways related to OS 
is lipid peroxidation [12].

A number of studies indicated that the changes in the coag-
ulation status are associated with the intensity of OS. For exam-
ple, Shacter et al. [13] showed that plasma fibrinogen was more 
prone to oxidative modification compared to other plasma 
proteins, such as albumin, immunoglobulins, and transfer-
rin. [13]. Pawlak et al. [14] investigated whether OS is involved 
in the activation of extrinsic coagulation pathway in patients on 
maintenance hemodialysis therapy. The markers of OS (plasma 
total lipid peroxides, serum autoantibodies against oxidized 
LDL, and plasma copper/zinc superoxide dismutase) were 
related to plasma levels of tissue factor (TF) and its inhibitor 
factor Xa-dependent tissue factor pathway inhibitor (TFPI) in 

FIGURE 2. Markers of lipid peroxidation in critically ill polytrauma patients who received antioxidant therapy (Antiox group) and in 
those without therapy (control group). A: High-density lipoproteins (HDLs); B: Low-density lipoproteins (LDLs); C: Total cholesterol (TC); 
D: Triglycerides (TGs). A rapid increase in lipid levels in Antiox group was observed starting from day 5 for HDL and from day 10 for LDL, 
TC, and TGs.
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those patients [14]. In our study, the coagulation status in both 
groups of patients was altered. At admission, there were no sig-
nificant differences between the two groups in the mean TBCs, 
INR, APTT and PT. However, at discharge, statistically signifi-
cant differences were identified in the mean TBCs, APTT, and 
PT (all p = 0.0001), in favor of Antiox group. This indicates that 
the administration of substances with high antioxidant poten-
tial led to faster recovery of coagulation factors, decreasing the 
complication rates specific to critically ill polytrauma patients.

Several studies analyzed TBIL as a biomarker of a pro-ox-
idative status. Dani et  al. [15] investigated the relationship 
between TBIL expression, antioxidant system and OS in 
preterm infants. They observed that a decrease in plasma 
BIL was correlated with an increase in plasma antioxidant 
capacity and decrease in oxidative stress [15]. In our control 
group, the mean TBIL on day 3 upon the admission was 11.45 
± 10.08 µmol/L, on day 5 it was 7.01 ± 5.30 µmol/L, and at dis-
charge 5.13 ± 2.56 µmol/L, compared to the corresponding 
values in Antiox group, 12.65 ± 10.26 µmol/L on day 3, 9.92 ± 
3.59 µmol/L on day 5, and 7.01 ± 3.42 µmol/L at discharge (p 
< 0.05). The higher levels of TBIL observed in Antiox group 

indicate that the antioxidant treatment possibly decreased the 
level of FRs in that group, consequently decreasing the con-
sumption of BIL.

Another important marker of OS is protein oxidation, 
where the role of cysteine thiols in thiol-based redox switches 
has been emphasized [16]. Rael et  al. [17] performed serial 
measurements of plasma oxidation-reduction potential 
(ORP) in 39 multi-trauma patients, from the admission until 
discharge of patients. They showed a rapid increase in ORP 
during the first days of hospitalization followed by a decrease 
in ORP to normal levels, until discharge. On the ORP max-
ima day, plasma paraoxonase-arylesterase (PON-AE) activ-
ity and total plasma protein levels were significantly lower 
compared to admission samples of the same patients [17]. In 
this study, we observed a significant decrease in protein lev-
els 3  days after trauma, in both groups (p < 0.05). After the 
antioxidant treatment in Antiox group, the level of these pro-
teins significantly increased starting from day 10, compared 
to the untreated control group in which the protein levels 
remained low. Moreover, a statistically significant difference 
in TP (p = 0.0005) and S-Alb level (p = 0.0004) was observed 
at discharge in favor of Antiox group.

FR attack on circulating lipids and membrane lipopro-
teins leads to their aberrant levels in the cells. Gesquière 
et al. [18] studied the effects of FRs on cholesterol metabolism 
of smooth muscle cells. They observed an accumulation of 
cholesterol in the cells exposed to FRs, probably as the result 
of an increase in cholesterol biosynthesis and esterification, 
decrease in cell cholesteryl ester hydrolysis, and reduced cho-
lesterol efflux [18]. We observed a rapid increase in lipid levels 
in Antiox group, starting from day 5 for HDL and from day 10 
for LDL, TC, and TGs.

Increased inflammatory response can be observed in 
patients with trauma [19]. We measured IL-6 levels at admis-
sion, during the next 10 days upon the admission, and at dis-
charge/until death in both groups. No significant differences 
were observed between the two groups on day 3. However, 
starting from day 5, a significant decrease in IL-6 levels was 
observed in Antiox group (p < 0.05). Moreover, IL-6 con-
centration was significantly lower in Antiox group at dis-
charge compared to control group (p < 0.05). In addition, a 

TABLE 2. Patient outcomes in critically ill polytrauma patients who received antioxidant therapy (Antiox group) and in those without 
therapy (control group)

Outcome Antiox group (n=35) Control group (n=32) p
Sepsis, % (n) 37.14 (13) 88.75 (28) <0.005
MODS, % (n) 22.85 (8) 65.62 (21) <0.005
Mechanical ventilation>96 hours, % (n) 54.28 (19) 53.21 (17) >0.005
Duration of stay at ICU (days), mean (SD) 14.4 (16.02) 18.25 (32.55) 0.5358
Duration of stay in hospital (days), mean (SD) 26.03 (20.47) 38.68 (40.17) 0.1048
Mortality, % (n) 14.28 (5) 33.6 (11) <0.05

MODS: Multiple organ dysfunction syndrome; ICU: Intensive Care Unit
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FIGURE 3. Changes in Acute Physiology and Chronic Health 
Evaluation II (APACHE II) score in critically ill polytrauma patients 
who received antioxidant therapy (Antiox group) and in those 
without therapy (control group), from admission until discharge. 
A statistically significant difference in the APACHE II score was 
observed between the two groups, starting from day 5 (p < 0.05). 
In Antiox Group, the APACHE II score values dropped significantly 
and more rapidly compared to controls.
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statistically significant decrease of other inflammation mark-
ers, such as CRP (p < 0.05) and ESR (p < 0.05), in Antiox vs. 
control group indicated the overall improvement of inflam-
matory as well as oxidative status in patients treated with 
antioxidant therapy.

Reddell et al. [20] reviewed several antioxidant nutrients 
(i.e., glutamine, arginine, selenium, zinc, Vitamin C, N-acetyl-
cystine, and fatty acids) important in maintaining oxidant-an-
tioxidant balance in critically ill patients. They indicated that 
adequate dosing of antioxidants, administration route and 
timing, duration of therapy, and role of single versus com-
bination therapy still need to be clarified [20]. In our group 
treated with antioxidant therapy, the occurrence of sepsis was 
significantly lower compared to the untreated controls (37.14% 
vs. 88.75%, p < 0.05). Furthermore, a significant decrease in the 
incidence of MODS was observed in Antiox compared to 
control group (p < 0.05).

In most cases, critically ill polytrauma patient require 
mechanical ventilation. However, prolonged mechanical ven-
tilation increases inflammatory response, as well as the inci-
dence of sepsis in these patients. We observed no significant 
differences in the number of patients requiring mechanical 
ventilation for more than 96 hours between the two groups. 
One explanation for this could be the high number of patients 
with severe thoracic trauma, as well as an increased percent-
age of pulmonary infections [21-27].

The duration of ICU stay was similar in both of our groups 
(p = 0.1048). However starting from day 5, the APACHE II 
score was significantly decreased in Antiox vs. control group 
(p < 0.05), indicating the overall beneficial effect of antioxidant 
therapy. Finally the mortality rate was significantly lower in 
Antiox group.

CONCLUSION

In critically ill polytrauma patients, numerous cellular pro-
cesses are affected, such as lipid function, protein synthesis 
and inflammatory response, mostly due to increased levels 
of OS. Decreasing the OS level by antioxidant substances sig-
nificantly correlated with a better prognosis and outcome in 
our patients, including the improvement of coagulation, lipid, 
protein, and inflammatory status. To elucidate more clearly 
the mechanism of action of antioxidants in critically ill poly-
trauma patients, further research is required.

ACKNOWLEDGMENTS

The authors would like to thank the Anesthesia and 
Intensive therapy Association ”Aurel Mogoseanu” Timisoara 
and Emergency County Hospital ”Pius Brinzeu” Timisoara for 
the help in study realization.

DECLARATION OF INTERESTS

The authors declare no conflict of interests.

REFERENCES

[1] Ciriello V, Gudipati S, Stavrou PZ, Kanakaris NK, Bellamy MC, 
Giannoudis PV. Biomarkers predicting sepsis in polytrauma 
patients: Current evidence. Injury 2013;44(12):1680-92.

 https://doi.org/10.1016/j.injury.2013.09.024.
[2] Horton JW. Free radicals and lipid peroxidation mediated injury 

in burn trauma: The role of antioxidant therapy. Toxicology 
2003;189(1-2):75-88.

 https://doi.org/10.1016/S0300-483X(03)00154-9.
[3] Khare M, Mohanty C, Das BK, Jyoti A, Mukhopadhyay B, Mishra SP. 

Free radicals and antioxidant status in protein energy malnutrition. 
Int J Pediatr 2014;2014:254396.

 https://doi.org/10.1155/2014/254396.
[4] Rao PS, Sireesha K, Aparna Y, Sadanandam M. Free radicals and 

tissue damage: Role of antioxidants. Free Radicals Antioxidants 
2011;1(4):2-7.

 https://doi.org/10.5530/ax.2011.4.2.
[5] Espinosa-Diez C, Miguel V, Mennerich D, Kietzmann T, Sánchez-

Pérez P, Cadenas S, et al. Antioxidant responses and cellular adjust-
ments to oxidative stress. Redox Biol 2015;6:183-97.

 https://doi.org/10.1016/j.redox.2015.07.008.
[6] Bedreag OH, Rogobete AF, Sarandan M, Cradigati AC, Papurica M, 

Rosu OM, et al. Influence of antioxidant therapy on the clinical sta-
tus of multiple trauma patients. A retrospective single center study. 
Rom J Anaesth Intensive Care 2015;22(2):89-96.

[7] Herford AS, Tandon R, Pivetti L, Cicciù M. Treatment of severe 
frontobasilar fractures in growing patients: A case series evaluation. 
Chin J Traumatol 2013;16(4):199-203.

 https://doi.org/10.3760/cma.j.issn.1008-1275.2013.04.002.
[8] Cicciù M. Real opportunity for the present and a forward step for the 

future of bone tissue engineering. J Craniofac Surg 2017;28(3):592-3.
 https://doi.org/10.1097/SCS.0000000000003595.
[9] Oudemans-van Straaten HM, Spoelstra-de Man AM, de 

Waard MC. Vitamin C revisited. Crit Care 2014;18(4):460. 
https://doi.org/10.1186/s13054-014-0460-x.

[10] Kumar S, Sitasawad SL. N-acetylcysteine prevents glucose/glucose 
oxidase-induced oxidative stress, mitochondrial damage and apop-
tosis in H9c2 cells. Life Sci 2009;84(11-12):328-36.

 https://doi.org/10.1016/j.lfs.2008.12.016.
[11] Cicciù M. A window view from the orient on trauma involving the 

inner maxillofacial region: From China to the global community 
with love. J Craniofac Surg 2016;27(1):6.

 https://doi.org/10.1097/SCS.0000000000002280.
[12] Nogueira CR, Borges F, Lameu E, Franca C, Ramalho A. Effects of 

supplementation of antioxidant vitamins and lipid peroxidation in 
critically ill patients. Nutr Hosp 2013;28(5):1666-72.

 DOI: 10.3305/nh.2013.28.5.6590.
[13] Shacter E, Williams JA, Lim M, Levine RL. Differential susceptibil-

ity of plasma proteins to oxidative modification: Examination by 
western blot immunoassay. Free Radic Biol Med 1994;17(5):429-37.

 https://doi.org/10.1016/0891-5849(94)90169-4.
[14] Pawlak K, Borawski J, Naumnik B, Mysliwiec M. Relationship 

between oxidative stress and extrinsic coagulation pathway in hae-
modialyzed patients. Thromb Res 2003;109(5-6):247-51.

 https://doi.org/10.1016/S0049-3848(03)00241-X.
[15] Dani C, Martelli E, Bertini G, Pezzati M, Filippi L, Rossetti M, et al. 

Plasma bilirubin level and oxidative stress in preterm infants. Arch 
Dis Child Fetal Neonatal Ed 2003;88(2):F119-23.

 https://doi.org/10.1136/fn.88.2.F119.
[16] Brandes N, Schmitt S, Jakob U. Thiol-based redox switches in 

eukaryotic proteins. Antioxid Redox Signal 2009;11(5):997-1014.
 DOI: 10.1089/ars.2008.2285.
[17] Rael LT, Bar-Or R, Aumann RM, Slone DS, Mains CW, Bar-Or D. 



197

Mihai Sandesc, et al.: Markers of oxidative stress in critically ill polytrauma patients

Oxidation-reduction potential and paraoxonase-arylesterase 
activity in trauma patients. Biochem Biophys Res Commun 
2007;361(2):561-5.

 https://doi.org/10.1016/j.bbrc.2007.07.078.
[18] Gesquière L, Loreau N, Minnich A, Davignon J, Blache D. Oxidative 

stress leads to cholesterol accumulation in vascular smooth muscle 
cells. Free Radic Biol Med 1999;27(1-2):134-45.

 https://doi.org/10.1016/S0891-5849(99)00055-6.
[19] Neher MD, Weckbach S, Flierl MA, Huber-Lang MS, Stahel  PF. 

Molecular mechanisms of inflammation and tissue injury 
after major trauma-is complement the “bad guy”? J Biomed Sci 
2011;18(1):90.

 DOI: 10.1186/1423-0127-18-90.
[20] Reddell L, Cotton BA. Antioxidants and micronutrient supple-

mentation in trauma patients. Curr Opin Clin Nutr Metab Care 
2012;15(2):181-7.

 https://doi.org/10.1097/MCO.0b013e32835076df.
[21] Nathens AB, Neff MJ, Jurkovich GJ, Klotz P, Farver K, Ruzinski JT, 

et al. Randomized, prospective trial of antioxidant supplementation 
in critically ill surgical patients. Ann Surg 2002;236(6):814-22.

 https://doi.org/10.1097/00000658-200212000-00014.
[22] Mahmood I, Tawfeek Z, El-Menyar A, Zarour A, Afifi I, Kumar S, 

et al. Outcome of concurrent occult hemothorax and pneumotho-
rax in trauma patients who required assisted ventilation. Emerg 
Med Int 2015;2015:1-6.

 https://doi.org/10.1155/2015/859130.
[23] Fama F, Cicciu M, Sindoni A, Nastro-Siniscalchi E, Falzea R, 

Cervino G, et al. Maxillofacial and concomitant serious injuries: An 
eight-year single center experience. Chin J Traumatol 2017;20(1):4-8.

 https://doi.org/10.1016/j.cjtee.2016.11.003.
[24] Herford AS, Tandon R, Stevens TW, Stoffella E, Cicciu M. 

Immediate distraction osteogenesis: The sandwich technique in 
combination with rhBMP-2 for anterior maxillary and mandibular 
defects. J Craniofac Surg 2013;24(4):1383-7.

 https://doi.org/10.1097/SCS.0b013e318292c2ce.
[25] Rogobete AF, Sandesc D, Papurica M, Stoicescu ER, Popovici SE, 

Bratu LM, et  al. The influence of metabolic imbalances and oxi-
dative stress on the outcome of critically ill polytrauma patients: 
A review. Burns Trauma 2017;5:8.

 https://doi.org/10.1186/s41038-017-0073-0.
[26] Horhat FG, Rogobete AF, Papurica M, Sandesc D, Tanasescu S, 

Dumitrascu V, et al. The use of lipid peroxidation expression as a 
biomarker for the molecular damage in the critically ill polytrauma 
patient. Clin Lab 2016;62(9):1601-7.

 https://doi.org/10.7754/Clin.Lab.2016.160306.
[27] Bedreag OH, Rogobete AF, Sarandan M, Cradigati AC, Papurica M, 

Dumbuleu MC, et al. Oxidative stress in severe pulmonary trauma 
in critical ill patients. Antioxidant therapy in patients with multiple 
trauma-A review. Anaesthesiol Intensive Ther 2015;47(4):351-9.

 https://doi.org/10.5603/AIT.a2015.0030.


