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Background: The aim of this study was to investigate the effects of anesthetic techniques used during general anesthesia 
(GA) and spinal anesthesia (SA) on endothelial adhesion molecules in the fetal circulation of healthy parturients under-
going elective cesarean section.
Methods: Patients were randomly assigned to either the general anesthesia (n = 20) or spinal anesthesia (n = 20) group. 
Maternal and cord blood neopterin, sE-selectin, and sL-selectin levels were measured in both groups.
Results: Cord blood neopterin concentrations in the SA group were not different from those in the GA group, but mater-
nal neopterin levels in the SA group were different from those in the GA group. Maternal blood levels of sE-selectin and 
sL-selectin were not different between the two groups. Similarly, the cord blood levels of sE-selectin and sL-selectin were 
not different between the two groups. We found an increased inflammatory process in the fetal circulation depending on 
the anesthetic method used.
Conclusions: These results indicate the effects of general and spinal anesthetic techniques on serum sL-selectin, sE-
selectin, and neopterin levels in neonates and parturients undergoing elective cesarean section. sE-selectin and neopterin 
concentrations and leukocyte counts were higher in the fetal circulation than in the maternal circulation during both GA 
and SA. (Korean J Anesthesiol 2014; 66: 364-370)
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Introduction

Spinal anesthesia (SA) is commonly preferred by anesthe-
siologists and gynecologists because of its beneficial effects for 
both mothers and their fetuses during elective cesarean section 
(CS). However, when SA is contraindicated, general anesthesia 
(GA) may be preferred [1]. During and after surgery, differ-
ent methods of anesthesia and levels of surgical trauma cause 
metabolic and inflammatory changes that correlate with the ex-
tent of tissue damage [2]. The local and systemic inflammatory 
responses due to biologic stress during GA are significant and 
may be detrimental [3]. The sympathetic and somatic blockade 
of SA may prevent or inhibit inflammatory stress [4]. However, 
GA may or may not augment this response [5]. Activation of 
the neuroendocrine system is related to the inflammatory stress 
response, leukocyte activation, and the cytokine network during 
and after surgery [6]. In contrast, neuronal afferent stimuli cause 
the release of cytokines from damaged tissue and the activation 
of cellular and humoral immune pathways [7]. The anesthetic 
method may influence the cytokine response by direct pharma-
cological action or effects on nervous and hormonal pathways 
[2]. 

In addition to the activation of leukocytes, cell adhesion mol-
ecules such as selectins play an important role in the interaction 
between leukocytes and endothelial cells during the inflam-
matory process [8]. E-selectin and L-selectin are cell adhesion 
molecules [9]. E-selectin is expressed by activated endothelial 
cells, while L-selectin is expressed on the surface of most leuko-
cytes. However, soluble forms of these selectins can be used as 
activation markers of endothelial cells (soluble E-selectin) and 
leukocytes (soluble L-selectin) [10]. Furthermore, these selectins 
have important roles in the regulation of leukocyte attachment 
and support of leukocyte rolling [9]. 

It has been shown that upregulation of proinflammatory cy-
tokines such as interferon-γ (INF-γ) and tumor necrosis factor-α 
is associated with infiltration of leukocytes to the maternal-fetal 
interface in the inflammatory process [11]. Neopterin is synthe-
sized from guanosine triphosphate in macrophages and mono-
cytes, when guanosine triphosphate cyclohydrolase I is activated 
by IFN-γ and other cytokines [12]. It is a simple, reliable, and 
sensitive parameter of cell-mediated immunity, and it has been 
accepted as a strong indicator of the clinical severity of many 
diseases [13,14]. 

To our knowledge, no studies have shown the effects of GA 
and SA on the levels of cell adhesion molecules. The aim of this 
study was to determine the levels of these molecules in the fetal 
circulation of healthy parturients undergoing elective CS under 
GA and SA. We also aimed to evaluate a possible relationship 
between maternal and fetal inflammatory modifications. For 
this reason, we evaluated the effects of SA and GA on the levels 

of neopterin, sE-selectin, and sL-selectin in maternal and cord 
blood samples. 

Materials and Methods

This study was carried out after approval from the Institu-
tional Ethics Committee of Gulhane Military Medical Academy, 
Ankara, Turkey, and written informed consent was obtained 
from all subjects. According to the American Society of Anes-
thesiologists (ASA) Classification, 40 ASA I (normal, healthy) 
parturients scheduled for uncomplicated elective cesarean deliv-
ery at a gestational age of > 37 weeks were included in this study. 
Patients with medical problems such as hypertension, diabetes 
mellitus, heart disease, a body mass index of >35 kg/m2, and a 
Mallampati score of > 2 were not included in this study. Patients 
with any contraindication to either GA or SA were also excluded 
from the study. 

All patients were randomly assigned to either the GA (n = 20) 
or SA (n = 20) group. After positioning the operation table with 
a 15o left lateral tilt in the operating room, the patients were 
monitored with devices including automated blood pressure 
(cuff), electrocardiography, and pulse oximetry.

Before the operation, all patients in both groups received 500 
ml of colloid solution (5% Hetastarch) and 500 ml of Ringer’s 
lactate solution. After preoxygenation with 100% oxygen for 
3 min, thiopental (4 mg/kg) and rocuronium (0.6-0.8 mg/kg) 
were administered in the GA group. After endotracheal intuba-
tion, patients were ventilated to a target end-tidal carbon dioxide 
concentration of 30 to 35 mmHg. Anesthesia was maintained at 
an end-tidal concentration of 1% sevoflurane and 50% nitrous 
oxide in oxygen. Fentanyl (1 μg/kg) was administered after deliv-
ery and umbilical cord clamping. After delivery of the placenta, 
10 IU of oxytocin were administered slowly via an intravenous 
route. A second continuous infusion of 15 IU of oxytocin was 
given in 1000 ml of Ringer’s lactate solution over an 8 h period. 
Tenoxicam (20 mg) was intravenously administered before extu-
bation. 

In the SA group, 2.5 ml of hyperbaric bupivacaine (0.5%) 
with 10 μg of fentanyl were injected into all patients at the L3-L4 
interspace in the sitting position. A 26-gauge spinal needle was 
used while performing spinal anesthesia. Patients were posi-
tioned supine with a 20o left lateral tilt to minimize aortocaval 
compression. The level of sensory blockade after spinal anes-
thesia was assessed with cold and pinprick stimulation tests. All 
patients received 40% oxygen by face mask. Oxytocin treatment 
after delivery was the same as in the GA group. 

The birth weights and Apgar scores of the neonates at 1 and 5 
min after delivery were assessed by a pediatrician who was un-
aware of the study. An Apgar score of < 7 was considered to be 
abnormal. Hemodynamic parameters of all patients (heart rate 
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and systolic, diastolic, and mean blood pressures) were recorded 
before induction of anesthesia and every 10 min during the op-
erative procedure. Hypotension was defined as a systolic blood 
pressure (SBP) of < 100 mmHg, and bradycardia was defined as 
a heart rate of < 60. Respiratory depression was defined as a de-
crease in oxygen saturation to < 90%. Immediately after delivery, 
maternal and fetal blood samples were obtained from veins in 
the antecubital fossa and the umbilical veins, respectively. After 
coagulation of blood at room temperature, sera were separated 
by centrifugation at 2000 × g for 10 min at room temperature. 
All samples were then stored at -80°C until analysis. 

Biochemical measurements

Serum neopterin concentrations were measured with a high-
performance liquid chromatography device (1200 Series System; 
Agilent Technologies, Santa Clara, CA, USA). In brief, 100 μl 
of 100% acetonitrile was added to 100 μl of serum and vor-
texed. The precipitated protein was removed by centrifugation 
at 10000 × g for 10 min at 4oC. One hundred microliters of the 
supernatant were filtered through a 0.2 μm filter and then in-
jected into the chromatographic system. Separation of neopterin 
was achieved with a 150 × 4.6 mm I.D. Inertsil ODS-3, C18 RP 
column with a particle size of 5 μm (Hichrom Lim., Berkshire, 
UK) fitted with a 10 × 4.6 mm I.D. Phenomenex ODS-2 guard 
column (Phenomenex Inc., Torrance, USA) using water/aceto-
nitrile (99/1, v/v) as the mobile phase (isocratic elution) at a flow 
rate of 1.0 ml/min. The areas of peaks detected by fluorescent 
detector (Ex, 353 nm; Em, 438 nm) were used for quantification. 
Serum neopterin levels are expressed as nmol/l. 

Serum E-selectin and L-selectin concentrations were mea-
sured using Human sE-selectin and sL-selectin Instant ELISA 
kits (Bender MedSystems, Vienna, Austria) according to the 
manufacturer’s instructions. The calculated overall intra-assay 
and interassay coefficients of variation for sE-selectin were 
5.4 and 6.0%, respectively, and those for sL-selectin analyses 

were 3.7 and 4.2%, respectively. The limits of detection of human 
sE-selectin and sL-selectin were 0.163 and 0.182 ng/ml, respec-
tively. All standards and samples were measured in duplicate.

Leukocyte counts were performed using an automatic hema-
tology blood analyzer (ABX Pentra DX 120; Horiva ABX Diag-
nostics, Montpellier, France).

Statistical analysis

All statistical analyses were performed using the SPSS 15.0 
software (SPSS Inc., Chicago, IL, USA). Distributions were 
evaluated using the one-sample Kolmogorov-Smirnov test to 
determine whether the continuous variables were normally dis-
tributed. The normally distributed variables were compared us-
ing Student’s t-test, and others were compared using the Mann-
Whitney U test. The results are expressed as means ± standard 
deviation, medians (minimum-maximum), or frequencies. 
Spearman’s correlation coefficients were calculated to represent 
the relationship between maternal and cord blood levels. A P 
value of < 0.05 was considered to indicate statistical significance 
for overall comparisons. 

Results

There were no significant differences in maternal age, ges-
tational age, birth weight of the newborns, or Apgar scores be-
tween the two groups (Table 1). The anesthetic technique had no 
effect on Apgar scores. Apgar scores in both groups were normal 
(Table 1). The duration of anesthesia, duration of the operation, 
and the time of baby-out were similar between the two groups 
(Table 2). No asphyxia or respiratory distress syndrome occurred 
in any neonates.

Serial SBP and HR values during the operation after the onset 
of SA and GA are shown in Fig. 1 and 2, respectively. SBP in the 
SA group was significantly lower than that in the GA group at 1 
and 20 min of the operation, but the lowest SBP in the GA group 
was at 30 min. HR in the SA group was significantly higher than 
that in the GA group at 1 and 10 min (P < 0.020 and P < 0.009, 
respectively). However, HR in the GA group was higher than Table 1. Maternal and Neonatal Clinical Characteristics

Groups

PSpinal 
anesthesia
(n = 20)

General 
anesthesia
(n = 20)

Maternal age in years (yr)
Primiparae (n, %)
Gestational age at delivery (week)
Birth weight of newborn (g)
Apgar score at 1 min
Apgar score at 5 min

29.7 ± 5.0
7 (35)

39.1 ± 0.9
3504 ± 455

7 (7-9)
9 (9-10)

30.2 ± 5.8
8 (40)

38.5 ± 1.1
3266 ± 487

7 (7-9)
9 (9-10)

0.751
0.782
0.061
0.119
0.968
1.000

All data are presented as means ± standard deviation, medians (mini-
mum-maximum), or frequencies.  

Table 2. Operation and Anesthesia Durations

Groups

PSpinal  
anesthesia
(n = 20)

General 
anesthesia
(n = 20)

Duration of anesthesia 
Duration of operation 
Time of baby-out 

38 (30-50)
30 (25-40)

3 (2-4)

35 (35-50)
30 (30-45)

3 (2-5)

0.437
0.286
0.353

All data are presented as medians (minimum-maximum) in min.
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that in the SA group at 20 min of the operation. Bradycardia was 
not observed in any patient in either group. The lowest blood 
pressure in the SA group occurred at 20 and 30 min of the op-
eration (Table 3). In contrast, there were differences at 1, 20, and 
30 min of the operation in both groups in terms of saturation of 
peripheral oxygen (Table 3).

There were no differences between the two groups (SA and 
GA) in leukocyte counts in maternal and cord blood samples 

(P = 0.164 and P = 0.745, respectively) (Table 4).
Cord blood neopterin concentrations in the SA group were 

not different from those in the GA group, but maternal neop-
terin levels in the SA group were different from those in the GA 
group (P = 0.465 and P < 0.001, respectively) (Table 4). Maternal 
and cord blood neopterin concentrations were not correlated in 
the two groups. However, there was a significant correlation be-
tween the maternal sL-selectin and cord blood sL-selectin levels 
in the GA group (r = 488, P = 0.029).

The maternal blood levels of sE-selectin and sL-selectin were 
not different between the SA and GA groups (P = 0.579 and P = 
0.725, respectively) (Table 4). Similarly, the cord blood levels of 
sE-selectin and sL-selectin were not different from the maternal 
levels in both the SA and GA groups (P = 0.273 and P = 0.725, 
respectively) (Table 4). We found an increased inflammatory 
process in the fetal circulation due to the anesthetic method 
in both groups. sE-selectin and neopterin levels and leukocyte 
counts were higher in the fetal circulation than in the maternal 
circulation in in the SA group (P < 0.001, P < 0.001, and P = 0.001, 
respectively). In addition, the sE-selectin and neopterin levels 
and leukocyte counts were higher in the fetal circulation than in 
the maternal circulation in the GA group (P = 0.001, P < 0.001, 
and P = 0.052, respectively).Fig. 1. Hemodynamic differences in the spinal anesthesia group. SBP: 

systolic blood pressure, HR: heart rate.

Fig. 2. Hemodynamic differences in the general anesthesia group. SBP: 
systolic blood pressure, HR: heart rate.

Table 3. Hemodynamic Differences between the Two Groups

Groups

PSpinal 
anesthesia
(n = 20)

General 
anesthesia
(n = 20)

MBP at 0 min (mmHg)
MBP at 1 min (mmHg)
MBP at  10 min (mmHg)
MBP at 20 min (mmHg)
MBP at 30 min (mmHg)
SpO2 at 0 min (%)
SpO2 at 1 min (%)
SpO2 at 10 min (%)
SpO2 at 20 min (%)
SpO2 at 30 min (%)

92 (76-110)
79 (53-98)
76 (51-85)
68 (54-91)
72 (45-94)
98 (96-100)
98 (96-100)
98 (96-100)
98 (97-100)
98 (96-100)

97 (66-115)
104 (66-132)

92 (69-113)
87 (60-120)
86 (58-115)
99 (97-100)
99 (97-100)
99 (97-100)
99 (97-100)
99 (97-100)

0.144
< 0.001
< 0.001

0.004
0.020
0.245
0.013
0.054
0.039
0.016

All data are presented as medians (minimum-maximum). MBP: mean 
blood pressure, SpO2: saturation of peripheral oxygen.

Table 4. Neopterin, sE-selectin, and sL-selectin Levels and Leukocyte Counts in Maternal and Cord Blood

Parameters
Maternal blood Umbilical cord blood

Spinal anesthesia General anesthesia P Spinal anesthesia General anesthesia P

Neopterin (nmol/L)
sE-selectin (ng/ml)
sL-selectin (ng/ml)
Leukocyte count (×109/L)

4.71 (3.77-8.35)
0.37 (0.26-0.66)
0.58 (0.24-1.24)
10.7 (7.2-13.9)

7.06 (5.08-12.40)
0.39 (0.18-0.61)
0.53 (0.23-1.98)
11.7 (6.1-20.1)

<0.001
0.579
0.725
0.164

17.7 (12.5-28.7)
1.02 (0.69-1.54)
0.59 (0.54-1.15)
13.3 (7.2-17.4)

18.7 (1.65-22.4)
0.97 (0.24-2.04)
0.58 (0.43-1.08)
13.3 (8.4-19.1)

0.465
0.273
0.725
0.745

All data are presented as medians (minimum-maximum).
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Discussion

Obstetric anesthesia has various operative risks due to mater-
nal changes. Both regional and GA may cause serious complica-
tions [15]. Among pregnant patients, GA is difficult and risky 
due to the potential for failed endotracheal intubation, postop-
erative nausea and vomiting, and aspiration of gastric contents 
[16]. SA is the most commonly used anesthetic technique dur-
ing CS because of its facility of application, low maternal and 
fetal morbidity and mortality, and high patient safety [17]. The 
side effects of each anesthetic technique are often evaluated by 
maternal hypotension, nausea/vomiting, neonatal Apgar scores, 
and neonatal acid-base status. The most frequent complication 
of SA is maternal hypotension. Maternal hypotension may cause 
impaired placental perfusion and hypoxia in the newborn [16]. 
In our study, Apgar scores were similar in both groups. The type 
of anesthesia (SA or GA) had no effect on Apgar scores. SBP in 
the SA group was significantly lower than that in the GA group 
at 1 and 20 min of the operation. Hypotension was observed 
in a few patients in both groups because of preoperative fluid 
replacement. SA may cause bradycardia [15]. However, in our 
study, bradycardia was not observed in either group. 

The postoperative neuroendocrine stress response charac-
terized by an increase in the white blood cell count induced by 
surgery and GA can reportedly be prevented by epidural anes-
thesia [18]. Local anesthetics inhibit immune function and the 
migration of leukocytes to the area of inflammation. They have 
been shown to reduce the release of proinflammatory cytokines 
[19]. However, the cytokine response during the operation may 
depend on the degree of tissue injury [5]. De Jongh et al. [20] 
reported that after CS, IL-6 levels were high at both 12 and 24 h 
postoperatively with epidural and GA. Therefore, the cytokine 
response to CS is not influenced by the anesthetic technique 
used. Furthermore, the synthesis of cytokines can be adjusted by 
various hormones such as prostaglandins, estrogens, progester-
one, and cortisol [21].

Some studies have reported that the mode of delivery and 
parturition are associated with an increase in proinflammatory 
cytokines [22]. Uteroplacental hypoxemia caused by SA may 
result in inflammatory changes in the placenta and induce the 
release of proinflammatory cytokines and selectins. These in 
turn may lead to activation of fetal leukocytes and an increase in 
the fetal leukocyte count. Extravasation of leukocytes to the area 
of inflammation is an important feature of inflammation, and 
this condition also requires cell adhesion molecules. These mol-
ecules play significant roles in the recruitment, adhesion, and 
migration of leukocytes [23]. Moreover, the fetal membranes 
play an important role in the inflammatory response by increas-
ing the production of proinflammatory cytokines during preg-
nancy [23]. In addition, molecular changes at the maternal-fetal 

interface are a pivotal mechanism. All of these events may cause 
changes in both the maternal and fetal immune systems [24].

In our study, we found that the mean cord blood leukocyte 
counts and sE-selectin levels were higher than the maternal 
levels in both groups. In addition, the mean cord blood neop-
terin levels were higher than the mean maternal blood levels in 
both groups. These results show that the anesthesia given to the 
mother during the operation can lead to changes in the fetal im-
mune system. However, there is no significant effect on the lev-
els of sL-selectin in either the maternal or cord blood with either 
anesthetic method. The synthesis and expression of selectins 
is rapidly induced by proinflammatory cytokines [25]. Gear-
ing and Newman proposed that sL-selectin levels increase in 
acute inflammatory conditions [26]. However, we found lower 
sL-selectin levels due to anesthesia in both maternal and cord 
blood. This decrease in sL-selectin levels may also be a result of 
downregulation of leukocyte L-selectin expression [27]. It has 
also been reported that decreased sL-selectin levels may improve 
the interaction between endothelial cells and leukocytes [28].

Increased sE-selectin and decreased sL-selectin levels may 
suggest leukocyte adhesion to endothelial cells. Furthermore, 
increased leukocyte counts may indicate leukocyte transmigra-
tion between tissues. Neutrophil-endothelial cell interaction 
may be an important factor in the hemodynamic changes at the 
microvascular interface during anesthesia. We showed increased 
inflammation in the fetal circulation in both anesthesia groups. 
However, decreased sL-selectin and sE-selectin levels in cord 
blood may also reflect prematurity [28]. Biao et al. [29] reported 
that the inhibition of upregulation of E-selectin by desflurane 
may be due to reduced activation of sE-selectin and may also 
inhibit neutrophil adhesion.

Maternal neopterin levels were reportedly higher in pregnant 
than in non-pregnant females [30]. In our previous study, we 
found that both maternal and cord blood neopterin levels dur-
ing normal pregnancy were higher than those in females with 
pre-eclampsia. We also found no correlation between the neop-
terin levels of cord and maternal blood between pre-eclampsia 
and normal pregnancy groups. Conversely, another study re-
ported a significant correlation between maternal and neonatal 
neopterin concentrations [30]. In the present study, maternal 
neopterin levels were lower in the SA group than in the GA 
group. In addition, the neopterin concentrations were higher in 
the fetal circulation than in the maternal circulation. Neopterin 
levels are increased during the cell-mediated immune response, 
which reflects the activation of macrophages/monocytes [30]. 
In contrast, high cord blood neopterin levels may also be associ-
ated with the maturation of the fetal immune system [30]. 

Our study has some limitations. It had a relatively small sam-
ple size and did not include individuals who had a normal birth 
without anesthesia. We also did not measure the proinflamma-
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tory cytokine levels in the maternal and cord blood samples.
In conclusion, the results of our study indicate that both 

GA and SA techniques increased the levels of inflammatory 
cell adhesion molecules, such as sE-selectin and neopterin, in 

neonates, but did not increase the level of sL-selectin. We did 
not find a correlation between maternal and fetal inflammatory 
responses. Further studies are required to investigate the inflam-
matory response to anesthetic techniques. 
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