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	 Background:	 The objective of this study was to analyze the effects of general anesthesia in cesarean section on the umbil-
ical cord blood gas values and intraoperative hemodynamics of parturient women.

	 Material/Methods:	 A total of 112 parturient women who received cesarean section were eventually randomized into 2 groups, 
GA (general anesthesia) group (n=56), and SE (combined spinal and epidural anesthesia) group (n=56). The um-
bilical cord blood gas values, postpartum Apgar score, intraoperative blood loss, mean arterial pressure, heart 
rate, total operative time, time intervals from anesthesia to delivery and from skin incision to delivery, the inci-
dences of adverse reactions and neonatal asphyxia, and the postoperative patient satisfaction were compared 
between the 2 groups.

	 Results:	 There were no significant differences between the 2 groups in total operative time, Apgar score, neonatal as-
phyxia rate, umbilical arterial and venous cord blood gas values, intraoperative blood loss, and time interval 
from skin incision to delivery (all P>0.05). The GA group was significantly shorter in the time interval from an-
esthesia to delivery than the SE group (P<0.05). The incidences of nausea, vomiting, and chills in the GA group 
were significantly lower than those in the SE group (all P<0.05). The GA group was significantly higher in post-
operative patient satisfaction than the SE group (P<0.05).

	 Conclusions:	 General anesthesia has little impact on the umbilical cord blood gas values and Apgar score, and ensures bet-
ter hemodynamic stability in cesarean section. Moreover, general anesthesia is characterized by rapid induc-
tion and is therefore valuable for use in clinical procedures.
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Background

Cesarean section is the most common surgery in the obstet-
rics department. With the increasing demand for comfort dur-
ing labor and the restrictions on birth control lifted, caesarean 
section has become increasingly common over time. The ideal 
method of anesthesia for cesarean section should have good 
intraoperative analgesia, alleviate the discomfort during the 
surgery as much as possible, reduce the incidence of postop-
erative adverse reactions, and mitigate the adverse effects 
of cesarean section on the newborn [1–3]. Spinal anesthesia, 
as a classic method of anesthesia in cesarean section, is rec-
ommended by relevant guidelines on anesthesia. It is safe and 
has been widely used. Nevertheless, some patients still reject 
this method due to fear, anxiety, tension, and contraindica-
tions for anesthesia [4].

Traditionally, it was believed that cesarean section under gen-
eral anesthesia was prone to cause birth asphyxia. Therefore, 
general anesthesia was rarely applied to those parturient 
women who required cesarean section [5]. Some parturient 
women who were not clinically indicated for spinal anesthesia 
could only receive cesarean section under local anesthesia in 
the past [6]. With the development and use of short-term an-
esthetics such as propofol, the adverse effects of general an-
esthesia on parturient women and newborns may be lower 
than before. This makes the application of general anesthesia 
in obstetrics draw more attention [7–9]. Therefore, the effects 
of cesarean section under general anesthesia on the newborn 
required verification.

The goal of this study was to compare general anesthesia, and 
combined spinal and epidural anesthesia, in cesarean section. 
The primary outcomes are umbilical cord blood gas values. 
The secondary outcomes are Apgar scores, neonatal asphyxia 
rate, total operative time, intraoperative vital signs, adverse 
reactions, and postoperative patient satisfaction ratings.

Material and Methods

General information

The parturient women who underwent cesarean section in 
The First People’s Hospital of Jingzhou from June 2017 to March 
2018 were recruited in this study according to the inclusion and 
exclusion criteria. A total of 112 parturient women were ran-
domized into 2 groups through a computer-generated random 
number table (providing computerized random numbers), with 
56 parturient women in each group. The group given general 
anesthesia was defined as the GA (general anesthesia) group, 
and the group given combined spinal and epidural anesthesia 
as the SE (combined spinal and epidural anesthesia) group. 

This study was approved by the Ethics Committee of The First 
People’s Hospital of Jingzhou, The First Affiliated Hospital of 
Yangtze University; all participants signed informed consent 
before entry into the study.

Inclusion criteria

Inclusion criteria for this study was as follows: patients who 
opted for cesarean section or had to undergo cesarean sec-
tion due to mental disorders, vaginal trauma, or intrauterine 
adhesions; patients who had a full-term pregnancy; patients 
whose results of color Doppler ultrasound combined with fetal 
heart rate monitoring showed no signs of fetal distress before 
surgery; patients whose newborns were predicted to weigh 
>2500 g; patients whose hemoglobin >90 g/L; and patients 
who were identified as singleton pregnancy using B mode ul-
trasound; patients who categorized as ASA (American Society 
of Anesthesiologists) physical status Class 1 or Class 2.

Exclusion criteria

Exclusion criteria for this study was as follows: parturient 
women with severe internal, surgical, or obstetric comorbid-
ities; patients who were given analgesic and sedative drugs 
before surgery; patients with severe mental illness; patients 
could not comply with doctors’ reasonable instructions; patients 
who refused to participate in the study; patients who were 
allergic to anesthetics; and patients who had contraindica-
tions to both general anesthesia and combined spinal and 
epidural anesthesia.

Methods of anesthesia

After skin prepping and draping, the GA group received balanced 
anesthesia (intravenous anesthesia in combination with inha-
lation anesthesia) by using the following anesthetics: propofol 
(2 mg/kg, Fresenius Kabi Deutschland GmbH, Germany), remi-
fentanil (1.5 μg/kg, Hubei Humanwell, China), and rocuronium 
bromide (0.6 mg/kg, Zhejiang Xianju, China). Tracheal intuba-
tion was performed after induction of anesthesia to facilitate 
mechanical ventilation. After delivery, sufentanil (0.3–0.5 μg/kg, 
Hubei Humanwell, China) was instantly intravenously injected 
into patients and remifentanil (0.08–0.2 μg/(kg/min), Hubei 
Humanwell, China) and cisatracurium besilate (1–2 μg/(kg/min), 
Jiangsu Hengrui, China) were given to patients using intrave-
nous infusion pump with continuous inhalation of sevoflurane 
(1–5%, Jiangsu Hengrui, China).

The SE group received combined spinal and epidural anesthesia. 
With the patient lying in a left lateral position, the spinal nee-
dle was punctured into the subarachnoid space through L2–L3 
or L3–L4 interspace and 12 mg of 0.6% ropivacaine naropine 
(AstraZeneca AB, Sweden) was injected. The removal of the 
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spinal needle was followed by the placement of epidural cath-
eter (3.5–4.5 cm). Through the epidural catheter, 5 mL of 2% 
lidocaine (Shanxi Shiyao Yinhu, China) was initially given to 
determine the anesthetic effect. The sensory block level was 
adjusted to approximately T6–T7. The anesthetists who per-
formed anesthesia were similar in the level of expertise and 
did not know about the study protocol.

Measurements

The blood gas analysis was performed only once using the blood 
gas analyzer with the umbilical cord venous and arterial blood 
immediately drawn after the childbirth. PO2, PCO2, Hct, pH and 
SO2 were measured and compared between the 2 groups. 
The Apgar scores at 1, 5, and 10 minutes after delivery were 
recorded to assess the degree of neonatal asphyxia and were 
compared between the 2 groups. The Apgar score was assessed 
based on 5 criteria: activity, pulse rate, reflex irritability grimace, 
skin color, and respiratory effort. After delivery, the child was 
rated according to these aforementioned criteria. The sum of 
the 5 values is the Apgar score. A score of 7–10 was considered 
normal; 4 to 6, mild neonatal asphyxia; and 3 and below, severe 
neonatal asphyxia [10]. The neonatal asphyxia rates were re-
corded and compared between the 2 groups. Time interval from 
anesthesia to delivery, intraoperative blood loss, total operative 
time, heart rates (HR) before anesthesia (T1), and at the time 
of skin incision (T2) and delivery (T3), as well as mean arterial 
pressure (MAP) were all recorded and compared between the 
2 groups. Complications including intraoperative hypotension, 
postoperative nausea, vomiting, bradycardia, and chills were re-
corded; phenylephrine was given intravenously when severe hy-
potension occurred during surgery to increase blood pressure; 
tropisetron was administered when severe nausea and vomit-
ing occurred to stop vomiting and prevent the occurrence of re-
flux aspiration; atropine was given when bradycardia occurred 
to increase heart rate. The inflatable heating instrument was 
applied, and tramadol was given to patients if severe chills oc-
curred). Postoperative patient satisfaction was also recorded.

A satisfaction questionnaire was used 3 days after surgery to 
investigate postoperative patient satisfaction. The question-
naire mainly consisted of intraoperative discomfort, treat-
ment effect, adverse reactions, and physical recovery. The to-
tal score of the questionnaire was 100. A score of 81–100 
indicated a very satisfactory anesthesia; 61–80, a satisfactory 
anesthesia; 60 and below, dissatisfactory anesthesia. Patient 
satisfaction=(cases of very satisfactory+cases of satisfactory)/
(total number of cases) ×100%.

Statistical analysis

All data were statistically processed using SPSS 22.0 software 
package. The measurement data were expressed as mean 

± standard deviation (c
_
±SD), and were compared between 

2 groups based on independent-sample t-test. The enumera-
tion data were expressed as cases/percentage (N/%), and were 
compared between the 2 groups based on chi-square test or 
Fisher’s exact test. P value of <0.05 was considered signifi-
cant. The sample size was determined according the means 
and SD of pH values of the control group and the experimen-
tal group. We hypothesized the level of significance a=0.005 
and the power=0.99 (1-b). In addition, since this was a non-
inferiority trial, the margin should be positive number (odds 
ratio [OR] >1). Therefore, the OR was set at 2.

Results

Baseline characteristics

There were 157 parturient women who underwent cesarean 
section in The First People’s Hospital of Jingzhou from June 
2017 to March 2018. They were recruited in this study accord-
ing to the inclusion and exclusion criteria. A total of 112 par-
turient women were randomized into the GA group and the 
SE group through a computer-generated random number ta-
ble (providing computerized random numbers), with 56 par-
turient women in each group (Figure 1). The sample size was 
determined according to the means (7.30 versus 7.32) and 
SD (0.80 versus 0.72) of pH values of the experimental group 
(n=10) and the control group (n=10) in the preliminary study. 
We hypothesized the level of significance a=0.005 and the 
power=0.99 (1-b). In addition, since a non-inferiority trial was 
conducted, the margin should be positive number (OR >1). 
Therefore, the OR was set at 2 and the sample size of in each 
group was equal (n=9). The sample size of this study met the 
requirements of the predicted sample size. None of the pa-
tients in both groups withdrew or suffered irreversible severe 
damages during the study. No significant differences were 
found in baseline characteristics between the 2 groups (all 
P>0.05) (Table 1).

Blood gas analysis

The PO2, PCO2, Hct, SO2, and pH of umbilical cord arterial and 
venous blood were all within normal ranges. There were no 
significant differences in these indexes between the 2 groups 
(all P>0.05) (Table 2).

Apgar score

In the GA group, the Apgar scores at 1, 5, and 10 minutes of 
childbirth were 9.01±0.96, 9.62±0.62, and 10.00±0.00 respec-
tively, and the neonatal asphyxia rate was 26.79%. No signif-
icant differences were found in Apgar scores and neonatal 
asphyxia rates between the 2 groups (all P>0.05) (Table 3).
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Surgical data

The total operative time, intraoperative blood loss, and time 
interval from skin incision to delivery were not significantly dif-
ferent between the 2 groups (all P>0.05). The difference of time 
interval from anesthesia to delivery between the GA group and 
the SE group was statistically significant (P<0.001) (Figure 2).

Hemodynamics

Before anesthesia (T1), there were no significant differences 
in patient HR and MAP values between the GA group (both 
P>0.05). At the time of skin incision (T2) and delivery (T3), HR in 

the GA group showed statistically significant differences when 
compared with that in the SE group (both P<0.001); MAP in 
the GA group showed statistically significant differences when 
compared with that in the SE group (both P<0.001) (Figure 3).

Postoperative adverse reactions

Adverse reactions such as nausea, vomiting, muscle pain, 
bradycardia and chills were found in both groups. The incidences 
of postoperative nausea and chills were significantly lower in 
GA group than in SE group (both P<0.05). But there were no sig-
nificant differences in the incidences of vomiting, muscle pain 
and bradycardia between the 2 groups (all P>0.05) (Table 4).

Patient satisfaction

The postoperative patient satisfaction was investigated and 
statistically analyzed. In GA group, the postoperative patient 
satisfaction was 89.3%. In SE group, the postoperative patient 
satisfaction was 67.9%. The difference between 2 groups was 
statistically significant (P=0.006) (Table 5).

Discussion

Obstetric anesthesia is of great importance to cesarean sec-
tion. At present, combined spinal and epidural anesthesia is 
a major method of anesthesia in China, but it is slow in induc-
tion and has the possibility of failing to puncture into the tar-
get site [11]. This may have a negative effect on emergency 
cesarean section. Moreover, the incidence of hypotension in 
parturient women receiving combined spinal and epidural 
anesthesia is high [12], which may have an impact on blood 
supply to fetus.
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Figure 1. CONSORT flow chart.

GA group (n=56) SE group (n=56) t/c2 P

Age range (year) 27.3±3.2 27.5±2.9 –0.380 0.705

Reasons for cesarean section

	 Voluntary 20 17
0.363 0.547

	 Other reasons 36 39

ASA physical status

	 Class 1 36 38
0.159 0.690

	 Class 2 20 18

Gestational week 39.8±5.2 40.2±6.1 –0.335 0.738

Table 1. Comparison of baseline characteristics.

Voluntary refers to receiving cesarean section voluntarily; Other reasons refer to receiving cesarean section for other reasons 
such as vaginal delivery contraindicated; ASA – American Society of Anesthesiologists; GA group – general anesthesia group; 
SE group – combined spinal and epidural anesthesia group.
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This study performed blood gas analyses based on umbilical 
cord arterial and venous blood. The umbilical arterial blood 
gas analysis is currently recognized as an important indicator 
of neonatal oxygenation index and acid-base status. The com-
bination of umbilical arterial blood gas analysis and Apgar 
score can accurately reveal the effect of anesthesia on the fe-
tus [13,14]. This study confirmed that the results of blood gas 
analysis of patients under general anesthesia were all within 
the normal range, and that there were no differences between 
general anesthesia and combined spinal and epidural anesthe-
sia in terms of these indicators. This demonstrates that gen-
eral anesthesia has no adverse effect on fetal respiratory and 
circulatory functions. Previous studies found that general an-
esthesia showed no particular effect on the rehabilitation af-
ter cesarean section [15,16]. It was also confirmed in this study 

that general anesthesia did not affect the Apgar score and did 
not increase the incidence of neonatal asphyxia. At present, 
general anesthesia is not widely used in cesarean section be-
cause general anesthetics may cross the placental barrier to 
adversely affect the fetus [17,18].

This study indicated that after the induction of anesthesia, 
patients in both groups had decreased HR and MAP, but the 
patients with combined spinal and epidural anesthesia showed 
a more significant decrease in HR and MAP, and substantial in-
traoperative fluctuations. This may be attributable to the greater 
impact of combined spinal and epidural anesthesia on the sym-
pathetic nerves, resulting in the dilation of blood vessels and 
a slowed heart rate [12]. Moreover, we found that the time in-
terval from anesthesia to delivery in patients under general 

GA group (n=56) SE group (n=56) t P

Umbilical cord arterial blood gas values

	 pH 7.32±0.79 7.31±0.86 0.064 0.949

	 PO2 (mmHg) 25.41±4.34 24.90±4.19 0.633 0.528

	 PCO2 (mmHg) 52.45±5.23 52.13±5.09 0.328 0.743

	 Hct (%) 54.97±5.89 55.01±6.02 –0.036 0.972

	 SO2 (%) 98.34±1.12 98.47±1.20 –0.593 0.555

Umbilical cord venous blood gas values

	 pH 7.34±0.69 7.35±0.78 –0.072 0.943

	 PO2 (mmHg) 34.60±7.01 33.24±7.21 1.012 0.314

	 PCO2 (mmHg) 50.90±4.78 49.77±5.19 1.198 0.233

	 Hct (%) 54.62±4.42 54.99±4.18 –0.455 0.650

	 SO2 (%) 98.72±1.12 98.61±1.43 0.453 0.651

Table 2. Comparisons of blood gas results of umbilical cord arterial and venous blood.

pH – pH value; PO2 – partial pressure of oxygen; PCO2 – partial pressure of carbon dioxide; Hct – hematocrit; SO2 – oxygen saturation; 
GA group – general anesthesia group; SE group – combined spinal and epidural anesthesia group.

GA group (n=56) SE group (n=56) t/c2 P

Apgar score

	 1 min after birth 9.01±0.96 8.98±0.87 0.173 0.863

	 5 min after birth 9.62±0.62 9.65±0.71 –0.238 0.812

	 10 min after birth 10.00±0.00 10.00±0.00

No asphyxia 41 39

Mild asphyxia 10 9

Severe asphyxia 5 8

Asphyxia rate 26.79% 30.36% 0.175 0.676

Table 3. Comparisons of Apgar scores and neonatal asphyxia rates.

GA group – general anesthesia group; SE group – combined spinal and epidural anesthesia group.
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anesthesia was significantly shortened, probably because the 
rapid induction of general anesthesia eliminated the need to 
change body position, thus saving the time of anesthesia [19].

Meanwhile, our study pointed out that the incidences of nausea 
and chills after general anesthesia were significantly reduced. 

Postoperative nausea is mainly caused by contractions or sig-
nificant intraoperative fluctuations of blood pressure [20,21]. 
General anesthesia can prevent excessive levels of sen-
sory block and stabilize blood pressure, thereby reducing 
postoperative nausea. Moreover, this study showed that 
general anesthesia could lead to a significant increase in 
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postoperative patient satisfaction. There are 2 possible rea-
sons. First, patients under general anesthesia are unconscious 
during surgery, thereby reducing intraoperative anxiety and 
discomfort. Second, patients’ adverse reactions significantly 
reduce after surgery.

However, the small sample size and short follow-up time of 
this study may cause errors in the results. Therefore, random-
ized controlled trials with larger sample size and longer fol-
low-up are warranted in the future.

GA group (n=56) SE group (n=56) c2 P

Nausea 3 10 4.264 0.039

Vomiting 1 7 0.067

Muscle pain 2 3 1.000

Bradycardia 2 1 1.000

Chills 2 10 5.973 0.015

Table 4. Comparison of postoperative adverse reactions.

GA group – general anesthesia group; SE group – combined spinal and epidural anesthesia group.

GA group (n=56) SE group (n=56) c2 P

Very satisfactory 38 30

Satisfactory 12 8

Dissatisfactory 6 18

Patient satisfaction 89.3% 67.9% 7.636 0.006

Table 5. Comparison of postoperative patient satisfaction.

GA group – general anesthesia group; SE group – combined spinal and epidural anesthesia group.

Conclusions

General anesthesia has little impact on umbilical cord blood 
gas values and Apgar score and ensures better hemodynamic 
stability in cesarean section. Moreover, general anesthesia is 
characterized by rapid induction and therefore is valuable for 
use in clinical procedures.
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