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Abstract
BACKGROUND
The choice of anesthesia for cesarean section is very important.

AIM
To compare the effects of applying bupivacaine combined with different doses of fentanyl on newborns after cesarean section. 

METHODS
We randomly divided one hundred and twenty patients undergoing cesarean section into the following 4 groups: group B (bupivacaine group), group BF10 (bupivacaine combined with 10 µg fentanyl), group BF30 (bupivacaine combined with 30 µg fentanyl) and group BF50 (bupivacaine combined with 50 µg fentanyl). The heart rate, mean arterial pressure, block plane fixation time and sensory block time were recorded. Umbilical artery blood was then collected immediately after fetal delivery for blood gas analysis and qualitative detection of fentanyl. Additionally, data on the neonatal 1-min and 5-min Apgar scores, results of umbilical artery blood gas analysis and qualitative detection of fentanyl in umbilical artery blood were recorded.

RESULTS
Although the mean arterial pressure decreased in all four groups at 3 min after anesthesia, the percentage of the decrease was less than 20% of the baseline. In addition, there were no significant differences in the 1-min or 5-min Apgar scores or the umbilical artery blood gas analysis among the four groups (P > 0.05). Moreover, the concentration of fentanyl in umbilical artery blood was qualitatively detected using an ELISA kit, and the results in the four groups were negative.

CONCLUSION
Bupivacaine combined with fentanyl spinal anesthesia is effective in cesarean section. 
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Core Tip: We examined the effects of bupivacaine combined with different doses of fentanyl on newborns delivered by cesarean section.

INTRODUCTION
In older parturients, parturients with difficulties and other parturients who cannot give birth vaginally, the demand for cesarean section[1,2] has increased, and the vaginal delivery rate has decreased in recent years. However, the choice of anesthesia for cesarean section is very important. It is necessary for anesthesiologists to carefully consider this in order to select reasonable anesthetic methods and appropriate anesthetic drugs.
Spinal anesthesia[3,4] is a common method of anesthesia for cesarean section. In fact, many studies have shown that opioids plus local anesthetics can have many benefits, such as prolonging the time of intraoperative and postoperative analgesia[5], effectively inhibiting the traction reaction caused by surgery[6] and allowing more stable hemodynamics[7]. Fentanyl[8] is a commonly used opioid drug and is administered by intrathecal injection. However, reports on whether fentanyl enters the blood and affects the safety of newborns are rare.
Thus, this study aimed to qualitatively detect the concentration of fentanyl in umbilical artery blood using an ELISA kit[9] to examine the effects of bupivacaine combined with different doses of fentanyl on newborns delivered by cesarean section.

MATERIALS AND METHODS
Materials
This study was approved by the Medical Ethics Committee of our hospital (Ethical approval Number: 063) and all patients signed an informed consent form.
One hundred and twenty cases of singleton full-term cesarean section were selected, whose characteristics were as follows: ASA grade: II, age: 25-35 years old, weight: 70-90 kg, no obstetrical-related complications (such as hypertensive disorder complicating pregnancy, pregnancy complicated with diabetes, maternal congenital heart disease, placental abruption, fetal distress, placenta previa, etc.), no known fetal developmental abnormalities and malformations, no infectious diseases such as syphilis, hepatitis B and HIV, and no contraindications to lumbar anesthesia.

Methods
Grouping: The patients were randomly divided into 4 groups: bupivacaine (B) group (0.75% bupivacaine 2 mL + cerebrospinal fluid total 3 mL); BF10 group: (0.75% bupivacaine 2 mL + fentanyl 10 μg + cerebrospinal fluid total 3 mL); BF30 group: bupivacaine combined with fentanyl 30 μg group (0.75% bupivacaine 2 mL + fentanyl 30 μg + cerebrospinal fluid total 3 mL); Group BF30: bupivacaine combined with fentanyl 30 μg group (0.75% bupivacaine 2 mL + fentanyl 30 μg + cerebrospinal fluid total 3 mL). BF50 group: bupivacaine combined with fentanyl 50 μg group (0.75% bupivacaine 2 mL + fentanyl 50 μg total 3 mL).

Anesthesia procedure: Electrocardiograph (ECG), heart rate, blood pressure and pulse oxygen saturation were monitored regularly in all parturients. Venous access on one side of the upper limb was achieved and 500 mL of warm compound sodium chloride was infused at a speed of 30 mL/min. The routine preparation of first aid drugs phenylephrine (40 μg/mL) and atropine 0.5 mg was conducted. All patients were placed in the left recumbent position, the L3-4 intervertebral space was punctured using a 25G lumbar anesthesia needle, and local anesthesia with lidocaine 2 mL was administered. When two breakthroughs were felt, colorless transparent cerebrospinal fluid which flowed smoothly was seen after the core of the needle was removed, and the drug solution was injected at the speed of 0.2 mL/s. Finally, patients were asked to turn over and lie flat after anesthesia, the operating bed was tilted 15 degrees to the left, and the patient inhaled oxygen by mask. ECG, heart rate, blood pressure and pulse oxygen saturation were continuously monitored.

Main observation indices
The heart rate and mean arterial pressure were recorded every 3 min.
The fixed time of block plane and the maintenance time of sensory block were recorded.
Apgar scores in 1 min and 5 min in newborns were recorded.
The surgical assistant collected 1 mL umbilical artery blood using a blood gas needle for analysis and the results were recorded immediately after delivery of the fetus.
Umbilical artery blood (3 mL) was collected using a heparinized aseptic syringe and injected into vacuum collection vessels. The upper serum was collected and stored in a -80oC refrigerator and the concentration of fentanyl was determined after high-speed centrifugation.

Statistical analysis
The data from each group were analyzed using SPSS19.0 statistical software. The measurement data were expressed as mean ± SD. The t test was used for comparisons between groups, the χ2 test for comparisons of counting data and Fisher’s exact probability method was used to compare rates. P values < 0.05 were considered statistically significant.

RESULTS
There were no significant differences in age, height, weight, gestational age, ASA grade and basal mean arterial pressure (MAP) between the groups (Table 1).
The results of related indices of anesthesia and surgery in the four groups were as follows: Although MAP decreased 3 min after anesthesia, the percentage of decrease in the basic value was less than 20%. In addition, there were no significant differences in the time from the completion of anesthesia to fetal delivery and the duration of surgery in each group (P > 0.05). Furthermore, there was a significant difference in the recovery time of sensory block among the four groups (P < 0.05) (Table 2).
Neonatal Apgar scores and umbilical artery blood gas analysis among the four groups were not significantly different (P > 0.05) (Table 3).
The qualitative test results for fentanyl in umbilical artery blood in the four groups were negative according to the standard analysis of the test results of the Fentanyl Group ELISA Kit (NEOGEN, United States) (Table 4).

Fentanyl group ELISA Kit criteria
Positive results: the absorbance was less than or equal to the standard specified by the laboratory, and positive results were quantitatively detected by gas chromatography or mass spectrometry.

Negative results: the absorbance was greater than the standard specified by the laboratory.

DISCUSSION
As an opioid analgesic, fentanyl is suitable for sedation and labor pain before, during and after anesthesia[10]. Although animal reproduction studies have suggested that fentanyl has toxic side effects on the fetus, no corresponding human experiments have been carried out[11]. In fact, fentanyl can pass through the placenta and may affect the fetal heart rate during delivery, but it has little effect on respiratory and nervous system function in perinatal newborns[12]. In addition, many studies have shown that opioids combined with local anesthetics can prolong the time of analgesia and maintain the stability of vital signs, which is of extraordinary importance for ensuring a normal cesarean section in pregnant women and for reducing postoperative complications. Consequently, the benefits of spinal anesthesia combined with fentanyl may outweigh the potential hazards.
The results of this study showed that bupivacaine combined with fentanyl spinal anesthesia provided a good anesthetic effect during cesarean section and that the duration of sensory block was prolonged with increasing fentanyl concentration. In addition, blood pressure in the four groups decreased 3 min after anesthesia, but the decrease was 20% lower than the baseline. Consistent with the research results of many scholars[13-17], the hemodynamics were stable, and no neonatal adverse events were observed.
The application of opioids in the spinal canal can enhance the degree of sensory block but cannot enhance the sympathetic block[18]. It has been found that fentanyl can act directly on opioid receptors in the spinal cord and on the thalamus, hypothalamus, reticular system and neurons by directly acting on opioid receptors in the spinal cord and absorbing blood through the paraspinal venous plexus[19]. In theory, fentanyl is slowly absorbed into the blood through the subarachnoid venous plexus following subarachnoid injection. In addition, the dosage of fentanyl in the subarachnoid space is lower, the circulation of cerebrospinal fluid is slow, and the blood concentration of the drug can be ignored. Moreover, coupled with hemodilution after absorption and the decomposition of fentanyl by the maternal liver and placental barrier, the amount of fentanyl entering the fetus is small and thus has little effect on newborns. To some extent, umbilical artery blood gas and lactic acid are the best indices of neonatal oxygenation and acid-base status[20]. In our study, the concentration of fentanyl in umbilical artery blood was qualitatively detected by ELISA, and the results of the four groups were all negative. The Apgar scores of the newborns at 1 min and 5 min were all above 7, and there was no difference in the results of umbilical artery blood gas analysis between the four groups. The fact that the time from completion of spinal anesthesia to delivery in this study was within 15 min may account for this difference. Consequently, we believe that we will have a more comprehensive understanding of the mechanism of fentanyl between the mother and fetus by including different times from spinal anesthesia administration to delivery and a larger sample size. However, this requires further study. Future multi-center studies are needed to confirm these findings.

CONCLUSION
In general, the anesthetic effect of bupivacaine combined with different doses of fentanyl in cesarean section was satisfactory. In addition, the qualitative detection of fentanyl concentration in umbilical artery blood following the administration of 10 µg, 30 µg and 50 µg fentanyl, were negative, which suggested the safety of fentanyl in newborns.

ARTICLE HIGHLIGHTS
Research background
The choice of anesthesia for cesarean section is very important. It is necessary for anesthesiologists to carefully consider this in order to select reasonable anesthetic methods and appropriate anesthetic drugs.

Research motivation
Reports on whether fentanyl enters the blood and affects the safety of newborns are rare.

Research objectives
Examine the effects of bupivacaine combined with different doses of fentanyl on newborns delivered by cesarean section.

Research methods
One hundred and twenty patients undergoing cesarean section were randomly divided into the following 4 groups: group B (bupivacaine group), group BF10 (bupivacaine combined with 10 µg fentanyl), group BF30 (bupivacaine combined with 30 µg fentanyl) and group BF50 (bupivacaine combined with 50 µg fentanyl).

Research results
There were no significant differences in the 1-min or 5-min Apgar scores or the umbilical artery blood gas analysis among the four groups (P > 0.05). 

Research conclusions
Bupivacaine combined with fentanyl spinal anesthesia is effective in cesarean section.

Research perspectives
Different anesthetics will have different effects on newborns during cesarean section. Safer intravenous anesthetics should be investigated.
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Table 1 Comparison of general data in the four groups of patients (n = 30, mean ± SD)
	
	B
	BF10
	BF30
	BF50

	Age
	28.9 ± 4.3
	29.1 ± 3.0
	28.0 ± 2.8
	28.3 ± 2.4

	Weight (kg)
	75.1 ± 3.9
	74.1 ± 6.6
	73.6 ± 3.8
	74.1 ± 4.4

	Height (cm)
	163.7 ± 4.2
	162.2 ± 3.7
	163.3 ± 2.7
	162.8 ± 2.5

	Gestational age (wk)
	38.4 ± 1.3
	38.4 ± 1.3
	38.6 ± 0.8
	38.7 ± 0.9

	ASA grade (I/II)
	22/8
	23/7
	22/8
	23/7

	MAP (mmHg)
	91.6 ± 7.3
	90.0 ± 7.1
	93.0 ± 9.6
	89.7 ± 7.1

	Heart rate
	89.0 ± 15.2
	89.8 ± 14.1
	92.8 ± 20.3
	93.5 ± 10.4


Group B (bupivacaine group), BF10 group (bupivacaine combined with 10 μg fentanyl), BF30 group (bupivacaine combined with 30 μg fentanyl), BF50 group (bupivacaine combined with 50 μg fentanyl). MAP: Mean arterial pressure.


Table 2 Comparison of the results of related indices of anesthesia and surgery in the four groups of patients (n = 30, mean ± SD)
	
	B
	BF10
	BF30
	BF50

	[bookmark: OLE_LINK5][bookmark: OLE_LINK6]3 min MAP decreased after anesthesia (as a percentage of the basal value) %
	11.5
	10.9
	7.6
	8.6

	The time of sensory block reaching T6 (min)
	4.13 ± 0.74
	3.23 ± 0.48
	3.24 ± 0.40
	3.22 ± 0.56

	The time when movement was completely blocked (min)
	9.85 ± 1.34
	8.10 ± 1.15
	7.70 ± 0.92
	7.80 ± 1.24

	Time from completion of anesthesia to cesarean section (min)
	13.75 ± 1.20
	13.60 ± 1.44
	13.96 ± 1.48
	13.72 ± 1.31

	Duration of operation (min)
	59.40 ± 7.33
	60.75 ± 4.56
	59.28 ± 4.22
	61.30 ± 6.36

	Sensory block recovery time (min)
	254.95 ± 23.32
	301.10 ± 18.75
	322.75 ± 22.21
	373.15 ± 20.74


Group B (bupivacaine group), BF10 group (bupivacaine combined with 10 μg fentanyl), BF30 group (bupivacaine combined with 30 μg fentanyl), BF50 group (bupivacaine combined with 50 μg fentanyl). MAP: Mean arterial pressure.

Table 3 Neonatal umbilical artery blood gas analysis and Apgar score (n = 30, mean ± SD)
	
	B
	BF10
	BF30
	BF50

	pH
	7.34 ± 0.04
	7.32 ± 0.07
	7.33 ± 0.06
	7.34 ± 0.04

	PO2 (mmHg)
	42.3 ± 3.8
	43.4 ± 6.0
	42.6 ± 3.6
	42.8 ± 5.6

	PCO2 (mmHg)
	31.1 ± 1.7
	30.8 ± 2.0
	30.9 ± 1.9
	30.2 ± 1.8

	BE (mEq/L）)
	-3.1 ± 0.5
	-3.2 ± 0.8
	-3.3 ± 0.5
	-3.1 ± 0.9

	Lac (mmol/L)	Comment by jrw: Should you explain these parameters?
	1.68 ± 0.33
	1.68 ± 0.2
	1.67 ± 0.25
	1.68 ± 0.19

	1 min Apgar score ≤ 7(N)
	0
	0
	0
	0

	5 min Apgar score ≤ 7(N)
	0
	0
	0
	0


Group B (bupivacaine group), BF10 group (bupivacaine combined with 10ug fentanyl), BF30 group (bupivacaine combined with 30 μg fentanyl), BF50 group (bupivacaine combined with 50 μg fentanyl). 


Table 4 Qualitative detection of fentanyl concentration in umbilical artery blood (OD value) (n = 30, mean ± SD)
	OD
	
	
	
	
	
	
	
	
	
	

	BF10
	0.139
	0.143
	0.129
	0.136
	0.125
	0.147
	0.141
	0.141
	0.147
	0.132

	
	0.137
	0.138
	0.139
	0.157
	0.150
	0.136
	0.140
	0.146
	0.136
	0.141

	
	0.145
	0.139
	0.139
	0.158
	0.150
	0.136
	0.141
	0.144
	0.161
	0.158

	BF30
	0.132
	0.143
	0.138
	0.160
	0.154
	0.161
	0.143
	0.141
	0.141
	0.137

	
	0.140
	0.152
	0.161
	0.142
	0.142
	0.137
	0.153
	0.152
	0.151
	0.142

	
	0.139
	0.136
	0.138
	0.141
	0.154
	0.148
	0.136
	0.153
	0.139
	0.139

	BF50
	0.138
	0.153
	0.152
	0.151
	0.142
	0.139
	0.136
	0.139
	0.151
	0.154

	
	0.152
	0.152
	0.142
	0.143
	0.141
	0.153
	0.147
	0.155
	0.151
	0.152

	
	0.150
	0.150
	0.152
	0.147
	0.152
	0.150
	0.152
	0.143
	0.151
	0.152

	Control
	0.112
	
	
	
	
	
	
	
	
	



