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Abstract 

 

Background/Aim: Oxidative stress is known to increase in patients receiving anesthesia before undergoing 

surgery. Since newborns are more sensitive to oxygen-free radicals, the effects and characteristics of 

anesthesia methods that are used for pregnant women require analysis. This study aimed to evaluate the 

effects of spinal and general anesthesia on oxidative stress by investigating thiol disulfide and ischemia 

modified albumin (IMA) concentrations in the cord blood of patients undergoing cesarean section (C-

section) via spinal or general anesthesia. 

Methods: This cross-sectional prospective study included 60 patients who were indicated for elective 

cesarean section. Patients with chronic disease, pregnancy complications and/or required emergency 

cesareans were not included. Group 1 (n = 30) underwent general anesthesia, and Group 2 (n = 30) underwent 

spinal anesthesia during their C-sections. Thiol–disulfide levels were evaluated concurrently in all blood 

samples taken from the umbilical artery remaining on the placental side.  

Results: The mean age (SD) of the mothers was 30.6 (4.4) years and the mean gestational age (SD) was 

39.0 (0.9) weeks. Gestational age, birth weight, and first and fifth min Apgar scores of the two groups were 

similar. The mean (SD) native thiol (362.4 [63.8]; 323.2 [45.8]), total thiol (409.6 [70.2]; 363.5 [46.1]), and 

disulfide values (23.6 (5.4); 20.2 (4.3)) were significantly higher in group 1 than group 2, while the median 

(interquartile range [IQR]) values of IMA (0.89 (0.85-max 0.92); 0.85 (min 0.82-max 0.879) were 

significantly higher in group 2 than group 1 (P < 0.05). 

Conclusions: As general anesthesia may cause a higher degree of oxidative stress, selecting the appropriate 

anesthetic technique may be especially important for risky pregnancies in which increased oxidative stress 

in the mother and baby may be critical for the outcome.  
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Introduction 

Free oxygen radicals appear during normal metabolism. 

The levels of these substances are balanced by the action of 

various antioxidant systems present in the body. Disruption of this 

balance in favor of oxygen free radicals, which is called “oxidative 

stress” can causes cellular damage [1]. Thiols are among the 

molecules that are used for prevention of oxidative stress [2]. 

After oxidation, thiols form disulfide bonds called disulfide 

bridges. The formation of these bonds is reversible and when 

broken, provide thiols. The result is a dynamic thiol–disulfide 

homeostasis, which plays an important role in antioxidant 

protection against oxidative stress [3]. Since free radicals have an 

extremely short half-life, indirect markers are generally used for 

the determination of the levels of reactive oxygen species (ROS) 

and oxidative stress. Ischemia-modified albumin (IMA) has been 

suggested as a marker of nonspecific ischemia. Although recent 

studies suggest that various other mechanisms are involved in the 

formation of IMA, it is accepted that ischemic damage causes an 

alteration in the N-terminus of albumin, leading to increased IMA 

levels [4]. The levels have been shown to correlate with the degree 

of oxidative stress [5]. 

Oxidative stress is known to increase in patients 

receiving anesthesia before undergoing surgery [6]. Since 

newborns are more sensitive to oxygen free radicals, the effects 

and characteristics of anesthesia methods that are used with 

pregnant women require analysis. Previous studies have evaluated 

the relationship between thiol disulfide homeostasis and oxidative 

stress in cord blood [7]. Although no study on the effect of the 

type of anesthesia used at birth on the levels of oxidative stress in 

cord blood, it has been reported that general anesthesia has a 

considerably stronger negative effect on thiol disulfide 

homeostasis than does spinal anesthesia [8]. 

Therefore, the quantification of markers of oxidative 

stress in cord blood may be important in determining the extent of 

oxidative stress suffered by newborns during cesarean section 

surgery. It was hypothesized that umbilical cord thioldisulfide 

concentrations may be important in determining neonatal well-

being and in ruling out suspected perinatal asphyxia. Tis study 

aimed to evaluate the effects of spinal and general anesthesia on 

oxidative stress by investigating thiol disulfide and IMA 

concentrations in the cord blood of patients undergoing cesarean 

section via spinal or general anesthesia. 

Materials and methods 

This cross-sectional prospective study was conducted in 

the Obstetrics and Gynecology Department of a hospital that is 

one of the primary maternity hospitals in Ankara, Turkey, between 

January 2019 and January 2020. The study included 60 patients 

between 18 and 40 years with an American Society of 

Anesthesiologists (ASA) group of I-II. Using the G-Power 

program, in the case in which the effect size was taken as moderate 

and bidirectional and α = 0.05, power (1-β) = 0.80, the smallest 

sample size for each group was calculated as a minimum of 30 

patients. Patients with diabetes mellitus, hypertension, chronic 

obstructive pulmonary disease, allergies to local anesthesia, 

bleeding-clotting time abnormality, liver disease, renal failure 

(creatinine levels ≥ 2.5 mg), preeclampsia, eclampsia, those who 

had children with metabolic disorders, patients who underwent 

emergency surgery, and/or those who refused to participate were 

excluded from the study. To prevent oxidative stress, emergency 

cesarean indications and additional systemic diseases were 

excluded. 

The Ethics Committee approved the study. All 

individuals were informed about the study, and informed written 

consent was obtained. 

All cesarean section procedures were performed by 

experienced obstetricians. Premedication was not used in any 

cases. All patients were allowed to lie on their left side while being 

transported to the operating room until the end of the operation. 

Electrocardiography, noninvasive mean arterial pressure, and 

peripheral oxygen saturation monitoring were performed for all 

patients after admission. The study patients were informed about 

spinal and general anesthesia and underwent cesarean section 

according to their preference. Because all patients had planned 

cesarean section, they were summoned to the hospital on the 

morning of surgery and hospitalized on the same day. The patients 

were followed in the hospital for 48 h post-operatively, and all 

patients were discharged 48 h later. Patients did not develop 

infections or complications. 

Anesthesia protocols 

Group 1 (n = 30) received spinal anesthesia, and Group 2 

(n = 30) received general anesthesia. Spinal anesthesia was 

administered while the patient was in the left lateral position after 

appropriate antiseptic practice. Local anesthesia was performed 

with 1 cc 2% lidocaine in the L3-4 or L4-5 range. Spinal needle 

(22 G Quincke) advancement from the same level was continued 

until free cerebral spinal fluid (CSF) flow was observed. Spinal 

anesthesia was performed with previously prepared 2–2.2 ml 0.5% 

hypertonic bupivacaine (Marcain Heavy®). The sensory block 

level was evaluated with a pin-prick test, and motor block level 

was evaluated via the Bromage scale. When the sensory block 

reached a sufficient level (T10), the operation was started. From 

the beginning of the operation until the end, 100% oxygen support 

(3 L/min) was provided with a mask. Group 1 patients received 2 

mg/kg propofol and 0.6 mg/kg rocuronium for anesthesia 

induction. After muscle relaxation, endotracheal intubation was 

performed by cricoid compression. Controlled ventilation (with 

Datex-Ohmeda S/5 Avance device) was achieved by adjusting 

tidal volume to 8 to 10 ml/kg and respiratory frequency to 10 to 

12 /min. Anesthesia was maintained with 50% O2 + 50% N2O and 

included 1–1.5% sevoflurane. 

Measurements 

In both groups, maternal hemodynamic parameters (heart 

rate, mean arterial blood pressure) were recorded every 5 min for 

45 min after anesthesia induction. In all cases, 5 ml blood samples 

were taken from the umbilical artery remaining on the placental 

side of the cord immediately after the cord was clamped and cut 

after delivery, and serum / plasma samples were separated and 

stored at −80 ºC. Thiol–disulfide levels were evaluated 

concurrently by spectrophotometric methods in all blood samples 

using a new technique developed by Erel [9]. Routine caesarean 

section and anesthesia procedures were performed during the 

operation; however, blood samples were also taken during the 

procedure. Blood samples were collected from the placental cord, 

which was discarded as medical waste after birth. Evaluation of 
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the newborn was performed by a pediatric health and disease 

specialist and the 

Appearance/Pulse/Grimace/Activity/Respiration (APGAR) 

scores were recorded at the first and fifth minutes post-birth. 

Statistical analysis 

In the presentation of descriptive statistics, central and 

prevalence measures, such as number, percentage, median, mean, 

and standard deviation were used, and Pearson’s chi-squared test 

was used to determine the difference between categorical 

variables. The distribution of continuous variables was evaluated 

using the Shapiro–Wilk test and histogram. An independent t-test 

was used for comparison of independent continuous variables with 

a normal distribution, and the Mann–Whitney U test was used for 

variables not having a normal distribution. Pearson’s correlation 

analysis was used to determine the relationship between 

continuous variables. Data were analyzed using SPSS software 

(version 24, IBM, Chicago, IL, USA). P-values < 0.05 were 

considered statistically significant. 

Results 

In this study, 60 pregnant women (30 general anesthesia 

and 30 spinal anesthesia) who delivered their baby via elective 

cesarean section were evaluated. The mean age (SD) of the 

mothers was 30.6 (4.4) years, and the mean gestational age (SD) 

was 39.0 (0.9) weeks. The mean neonatal birth weight (SD) was 

3230 (468.3) grams. No significant differences between 

characteristics of the mothers or newborns who comprised each 

group (P > 0.05, Table 1) were noted. APGAR scores at 1 and 5 

min were similar between the two groups (Table 1). 
 

Table 1: Maternal and neonatal characteristics 
 

 General anesthesia 

(Group 1) 

(n = 30) 

Spinal 

anesthesia 

(Group 2)  

(n = 30) 

P-

value 

Maternal age (Years, Mean (SD) 30.7 (4.5)  30.5 (4.3) 0.815 

Parity (Median [IQR]) 1.0 (1.0-2.0) 1.0 (1.0-2.0) 0.677 

Gender N (%)    

Female 19 (63.3) 17 (56.7) 0.598 

Male 11 (36.7) 13 (43.3)  

Gestational age (Weeks, Median 

[IQR]) 

39.1 (38.7–39.6) 38.9 (38.6–

39.3) 

0.306 

Birth weight (Grams, Mean (SD)) 3188.2 (504.8) 3272.2 

(433.3)  

0.492 

1 min Apgar score (Median [IQR]) 8.0 (8.0–9.0) 9.0 (8.0–9.0) 0.354 

5 min Apgar score (Median [IQR]) 9.0 (9.0–10.0) 10.0 (9.0–

10.0) 

0.235 

 

SD: standard deviation; IQR: interquartile range 
 

When cesarean indications of the patients included in the 

study were evaluated, among those who underwent spinal 

anesthesia, the reason for non-urgent planned cesarean section 

was previous cesarean section for 28 patients and breech 

presentation in two patients. In the general anesthesia group, 29 

patients underwent non-emergency planned cesarean section due 

to previous cesarean section, and one patient due to breech 

presentation. Among the patients who received general anesthesia, 

24 (80%) had at least one living child, three (10.0%) had one 

miscarriage, and 24 (80%) had delivered by cesarean section. In 

the group receiving spinal anesthesia, 23 (76.7%) had at least one 

living child, 7(23.3%) had at least one miscarriage, and 22 

(73.3%) had undergone a previous cesarean section. 

Thiol–disulfide homeostasis values from cord blood are 

shown in Table 2. Albumin, disulfide/native thiol ratio, 

disulfide/total thiol ratio, and native thiol/total thiol ratio values 

were not statistically different between the two groups (P > 0.05). 

The mean native thiol value (SD) of the spinal anesthesia group 

was significantly higher than that of the general anesthesia group 

(362.4 (63.8); 323.2 (45.8); P = 0.009). Similarly, mean total thiol 

(SD) (409 (70.2); 363.5 (46.1); P = 0.004) and mean disulfide 

values (SD) (23.6 (5.4); 20.2 (4.3); P = 0.008) of the spinal 

anesthesia group were significantly higher than the corresponding 

values of the general anesthesia group. The median (IQR) values 

of IMA in the general anesthesia group were significantly higher 

than for those receiving spinal anesthesia (0.89 [0.85–0.92] versus 

0.85 [0.82–0.87]; P = 0.046, Table 2). Finally, it was also found 

that disulfide and native thiol values (r = 0.27; P = 0.036), and 

disulfide and total thiol values (r = 0.45; P < 0.001) were 

positively correlated. 
 

Table 2: Values of thiol–disulfide homeostasis in cord blood 
 

 General anesthesia 

(Group 1) 

(n = 30) 

Spinal anesthesia 

(Group 2)  

(n = 30) 

P-value 

Native thiol 

(μmol/Lt, Mean [SD]) 

323.2 (45.8)  362.4 (63.8) 0.009 

Total thiol 

(μmol/Lt, Mean [SD]) 

363.5 (46.1)  409.6 (70.2)  0.004 

Disulfide (μmol/Lt, Mean (SD)) 20.2 (4.3)  23.6 (5.4)  0.008 

Albumin (g/dL, Median [IQR]) 4.02 (3.78–4.21) 4.23 (3.97–4.30) 0.084 

Ischemia modified albumin  

(ABSU, Median [IQR]) 

0.89 (0.85–0.92) 0.85 (0.82–0.87] 0.046 

Disulfide/ native thiol ratio 

(%, Mean [SD]) 

6.38 (1.69) 6.57 (1.41) 0.624 

Disulfide/ total thiol ratio  

(%, Mean [SD]) 

5.62 (1.30) 5.78 (1.09) 0.594 

Native thiol/ total thiol ratio  

(%, Mean [SD]) 

88.8 (2.6) 88.4 (2.9) 0.594 

 

SD: standard deviation, IQR: interquartile range  
 

Discussion 

Thiols are involved in the neutralization of ROS that are 

formed normally (or abnormally) in the body. Therefore, a 

decrease in serum thiol levels in the event of oxidative stress is 

often observed [10, 11]. Thiol levels have been shown to decrease 

in diseases that demonstrate increased inflammatory activity, 

including many disease types of the renal, cardiovascular, and 

neurological systems, in addition to those that progress with 

elevated oxidative stress, such as diabetes mellitus, 

atherosclerosis, Alzheimer’s disease and cirrhosis [10]. In our 

study, it was found that both native and total thiol levels of patients 

receiving general anesthesia were significantly lower than those 

receiving spinal anesthesia. The oxidative stress enhancing effect 

of various drugs used in general anesthesia may have led to this 

result, and therefore, the decrease of thiols in the general 

anesthesia group could be associated with this property of the 

drugs. Furthermore, considering that the oxidative balance of the 

body is not only associated with thiol concentration, IMA levels 

were also measured as an indirect marker of oxidation in cord 

blood. The increased levels of IMA in those receiving general 

anesthesia supported initial findings with thiol values. Overall, our 

results suggest that general anesthesia may lead to an increase in 

oxidative stress to a higher degree compared to spinal anesthesia.  

In a recent and similarly planned study, the authors 

investigated the effect of anesthesia technique during cesarean 

section on thiol–disulfide homeostasis in maternal and cord blood. 

The authors showed that native thiols, total thiols, disulfide levels, 

disulfide / total thiol and native thiol/disulfide ratios were higher 

in the blood of mothers who delivered with general anesthesia 

compared to spinal anesthesia. In the cord blood of the patients 

under general anesthesia, native thiol and total thiol levels were 

significantly lower than those receiving spinal anesthesia, and 
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other measurements were similar between the groups [8]. 

However, in contrast, Karabayırlı et al. [12] evaluated the 

oxidative stress index in the cord blood of women who underwent 

cesarean section using the same groups and found that oxidative 

stress was lower in recipients of general anesthesia. In contrast to 

our results, these authors suggested that general anesthesia should 

be preferred in cases in which lower fetal oxidative stress is 

desired. In the current study, cord blood native thiol, total thiol, 

and disulfide levels were found to be significantly higher in the 

spinal anesthesia group. 

However, it appears to important to note that since thiols 

values were not measured in the cord blood before anesthesia, 

direct conclusions in regard to the nature of the differences found 

between the groups cannot be drawn. It is possible that the native 

thiol, total thiol, and disulfide values increased in the spinal 

anesthesia group or quite conversely, they may have decreased in 

the general anesthesia group. Despite this limitation, it is also 

apparent that it would be unreasonable to assume that patients 

undergoing any type of surgery with anesthesia would benefit 

from the procedure in terms of oxidative stress and/or antioxidant 

levels; thus, the differences found in our study seem to show that 

general anesthesia has significantly more adverse effects on the 

oxidative balance of women undergoing cesarean section. 

In our study, disulfide values were significantly higher in 

the spinal anesthesia group compared to the general anesthesia 

group (23.6 [5.4]; 20.2 [4.3]). In the literature, disulfide values 

have been shown to increase in proliferative conditions, such as 

various cancer types [9, 13]. Factors, such as ongoing cell 

proliferation and development in newborns, may cause an increase 

in disulfide levels [13]. The mechanism leading to higher cord 

blood disulfide levels in the general anesthesia group could not be 

determined based on the available data; however, a positive 

correlation between the increase in disulfide level and the increase 

in native and total thiol levels directed us to the conclusion that 

this increase was mainly due to alterations in thiol levels and 

subsequent changes in oxidative homeostasis. 

In studies evaluating the effect of anesthesia technique on 

oxidative stress by measuring different oxidative stress markers, 

it was found that various cytokines increased to a greater degree 

in cases in which general anesthesia was applied compared to 

those receiving local and spinal anesthesia [14, 15]. Another early 

indicator of hypoxia, ischemia, and oxidative stress is an increase 

in IMA levels, which was also evaluated in our study [16, 17]. 

Several studies have shown that IMA values rapidly increase 

immediately after the onset of surgery [16, 18]. In a study that 

compared the levels of IMA in the cord blood of women 

undergoing normal and cesarean deliveries without specifying 

anesthesia method, it was found that values were higher for those 

undergoing normal delivery [19]. In another study evaluating the 

effect of anesthesia technique on oxidative stress during cesarean 

section using IMA, a statistically significant difference was found 

between pre-operative and 30-min post-operative blood values of 

the mothers who received general anesthesia. This difference was 

not detected in the spinal anesthesia group. In the same study, it 

was stated that no statistically significant difference between 

general and spinal anesthesia groups in both maternal and cord 

blood could be found [20]. In contrast to this study, IMA values 

in the cord blood were found to be significantly higher in patients 

who underwent general anesthesia than those who underwent 

spinal anesthesia (0.89 versus 0.85). Although the number of 

variables assessed was low, our results appear to demonstrate that 

general anesthesia may be associated with higher oxidative stress 

compared to spinal anesthesia as determined by high IMA and low 

thiol levels in the cord blood of patients who received general 

anesthesia.  

Thiol disulfide balance reacts rapidly and is affected by 

instant changes. Thiol and disulfide levels from cord blood were 

measured to determine intra-operative oxidative stress status. 

Since thiol–disulfide equilibrium shows the instantaneous state, it 

is not considered significant to evaluate any post-operative 

parameter or to use it as an indicator of surgery after the effect of 

anesthesia has disappeared. Oxidative stress can be confirmed by 

blood gas from the umbilical artery for the newborn, but blood gas 

was not examined in our study since in previous studies conducted 

for this purpose, the relationship between umbilical arterial blood 

gas and oxidative stress has already been investigated [21]. 

Although the newborn was not evaluated, in our study, it was 

found that under general anesthesia, the mother was exposed to 

greater oxidative stress. This finding may indicate that spinal 

anesthesia could be the preferred anesthesia technique for 

cesarean section since the mother is exposed to less oxidative 

stress. 

Limitations 

The cross-sectional nature of the study, the small number 

of participants, and the study being conducted with a 

homogeneous group can be considered as limitations of the study. 

Since levels of the related blood values in the cord blood before 

anesthesia were not measured, conclusive data regarding the 

influence of anesthesia type could not be provided. Furthermore, 

the mechanisms by which the anesthesia techniques affect thiol–

disulfide homeostasis could not be evaluated. In addition, 

although the first and fifth minute APGAR scores of the newborns 

were determined, the lack of long-term well-being assessments 

can be considered as a limitation. 

Conclusions 

In conclusion, in our study, it was found that the values 

of native thiol, total thiol, and disulfide in cord blood were lower 

and IMA values were higher in the general anesthesia group. 

Based on these results, it can be said that general anesthesia may 

cause a higher degree of oxidative stress compared to spinal 

anesthesia. Deciding on the appropriate anesthetic technique may 

be especially important for risky pregnancies in which increased 

oxidative stress suffered by the mother and baby may be critical. 

In line with the results of this study, it would be important to 

determine the anesthesia approach for select groups through 

studies involving a higher number of patients and an extensive set 

of parameters associated with oxidative stress. 
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