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Abstract

Purpose: To compare the effects of bupivacaine combined with fentanyl vs. bupivacaine alone in
cesarean patients undergoing combined spinal-epidural anesthesia (CSE).

Methods: This was a randomized controlled study that included 84 healthy women with singleton
foetuses who were scheduled for cesarean delivery at Xuzhou Central hospital. They were divided into
fentanyl combined with bupivacaine group (group A, n = 42) and bupivacaine alone group (Group B, n =
42). The primary outcome was hemodynamic changes in patients undergoing cesarean section while
the secondary outcomes were neonatal Apgar score, incidence of intraoperative and postoperative
adverse reactions and time to onset, and duration of anesthesia.

Results: One hour after the surgery started, blood pressure was significantly lower in group A than in
group B. Upon skin incision and one hour after commencement, the group A showed decreased heart
rate compared with group B. Intraoperative pain level was significantly lower in group B than in group A.
Compared with group A, group B has shorter motor block time, and duration of motor block was
significantly longer in group B than in group A.

Conclusion: Bupivacaine combined with fentanyl improves maternal hemodynamic stability during
cesarean section, resulting in faster onset of anesthesia and prolonged motor block, but with no
difference from bupivacaine alone in terms of intraoperative and intraoperative adverse reactions,
neonatal cardiopulmonary and circulatory function.
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INTRODUCTION control restrictions in China, cesarean delivery

has become increasingly popular [1,2]. Cesarean
With the increasing demand for comfort delivery is a priority in pregnant women with
measures in childbirth and the lifting of birth  contraindications for natural delivery, abdominal
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disorders, scar pregnancy, and advanced age
[3]. Due to the unique physiological state of
mother, anesthetic management during cesarean
delivery must be rapid in onset, complete
analgesia, and good muscle relaxation, as well
as ensuring stable maternal and fetal vital signs
[4]. The effects of anesthesia not only affect out
of bed activities in the early stage and
breastfeeding, but are also associated with
postoperative complications such as
thromboembolism and may even be the cause of
chronic pain [4].

It is generally accepted that caesarean delivery
under general anesthesia tends to cause birth
asphyxia. Therefore, general anesthesia is rarely
performed in women requiring cesarean delivery.
The combined spinal—-epidural technique (CSE)
has become increasingly popular in recent years,
which was associated with high satisfaction
among both surgeons and patients [5]. Despite
precautions, hypotension remains a dangerous
side effect of C-sections. Reduced dose of local
anesthetic drugs has a beneficial effect on
hemodynamic stability, and one study found
effect of intrathecal bupivacaine on maternal
arterial blood pressure showed a dose-
dependent manner. However, lower dose of
bupivacaine leads to increased pain level during
surgery [6]. The addition of opioids to low-dose
bupivacaine improves the quality of anesthesia
while reducing the incidence of hypotension.

Therefore, the aim of this study was to compare
the effects of bupivacaine combined with fentanyl
in cesarean delivery with bupivacaine alone
during C-section.

METHODS

Subjects

After ethics committee approval and written
informed consent was signed, 84 healthy
patients with singleton fetuses, scheduled to
undergo cesarean delivery, were randomized.

Inclusion criteria

1. singleton, full-term pregnancy lasting 37 - 42
weeks; 2. Pregnant woman aged over 21 years;
3. No history of diabetes or hypertension before
pregnancy and normal blood pressure during
pregnancy, The American  Society of
Anesthesiologists (ASA) classification: 1-2; 4.
Expected to receive cesarean delivery; 5. signed
consent to participate in this study. Exclusion
criteria: 1. women who were unable to undergo
CSE; 2. women who were allergic to bupivacaine
or fentanyl; 3. women with coagulation disorders;

4. women with grade 3 or higher cardiac
insufficiency, liver and kidney dysfunction; 5.
women with severe pregnancy complications; 6.
women who had been diagnosed with
intrauterine fetal growth retardation, congenital
anomalies and placenta previa.

The 84 women who met the inclusion criteria
were divided into bupivacaine alone group (group
A) and fentanyl combined bupivacaine group
(group B) through randomization, with 42 cases
in each group.

Ethical approval

Ethical approval for the human studies was
obtained from the ethics committee of Xuzhou
Central Hospital for the human studies (approval
no. 2020PS33K) and followed the guidelines of

Declaration of Helsinki for medical research
involving human subjects [7].

Treatments

Intravenous antibiotics and oxytocin were

administrated with two separate catheters after
delivery of the fetus. Both were injected with
1500 ml of Hartmann's solution preheated to
37°C through the intravenous catheter within 20
min prior to anesthesia. All women lay in right
lateral position. After routine disinfection, L2-L3
or L3-L4 intervertebral space was selected as the
puncture point which was punctured via
intravenous cannulation. The needle was
withdrawn after breaking through the dura mater.
The position of the spinal needle was confirmed
by aspiration of cerebrospinal fluid, followed by
injection of drugs.

The bupivacaine alone group was infused with 5
mg bupivacaine (Shanghai Hefeng
Pharmaceutical Co. Ltd, Shanghai, China).
Group B was administered with 30 ug fentanyl
(Shanghai Harvest Pharmaceutical Co. Lid,
Shanghai, China) + 5 mg bupivacaine. The level
of motor block was determined with a swab and
the procedure was started when the L4 level was
reached. Oxygen was administered through a
mask at a flow rate of 4 I/min. The hemodynamic
indicators, including blood pressure, heart rate,
and electrocardiogram were monitored. In the
event of blood pressure falling below 20% of the
pre-anaesthetic level or systolic blood pressure
falling below 100 mmHg, 5 mg intravenous
ephedrine was immediately administered and
repeated if necessary. After the operation, the
mother was transferred to the ward and
instructed to lie flat with the pillow removed for 8
h. Follow-up was performed for 3 days.
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Assessment of haemodynamics

Maternal mean arterial pressure (MAP), heart
rate (HR) while the mother was quiet in the ward
(TO), before anesthetic administration (T1), 2 min
after administration (T2), upon skin incision (T3),
1 h after beginning of surgery (T4), and at the
end of cesarean delivery (T5) were recorded.

Evaluation of anesthetic effect

The postoperative maternal pain (evaluated
using visual analogue scale) are recorded for
each group: a score of 0 to 10 indicated pain
levels ranging from completely painless to
unbearably severe pain. The time to onset of
sensory block (the onset of a sensation of heat,
tingling, or numbness in the lower extremities);
the time to onset of motor block (the onset to a
sensation of heavy leg lifting), and the duration of
motor block were recorded. The level of
intraoperative muscle relaxation was evaluated
with reference to abdominal muscle contractility
and fatigue: Grade |, complete relaxation of the
abdominal muscle, smooth operation of opening
and closing the abdomen; Grade ll, slightly tense
abdominal muscle, mild restriction of opening
and closing the abdomen; Grade Ill, severe
tension of the abdominal muscle, hindering
surgical operation.

Assessment of outcomes
Maternal adverse reactions

Within 2 days from the completion of surgery, the
general events reported by puerpera and their
families in each group were recorded, including
dragging pain, respiratory depression, chills,
nausea and vomiting. The evaluation criteria for
chills were the presence of facial and neck
convulsions, or the facial and systemic muscle
tremors. In terms of neurological complications,
postoperative headache, lumbar radiculopathy
and cauda equina syndrome were recorded.

Infantile adverse reactions

The Apgar test was performed on the newborn at
1 minute after birth by a doctor. According to the

performances of breathing effort, heart rate,
muscle tone, reflexes and skin color, the Apgar
score was provided. Apgar score usually ranges
from 7 to 10, with 4 to 6 implying mild asphyxia
and below 4 indicating the need for immediate
resuscitation.

Statistical analysis

Statistical analyses were performed using the
Statistic Package for Social Science (SPSS)
version 24.0 package (SPSS Inc, Chicago IL,
USA). Continuous variables are expressed as
mean and standard deviation (mean + SD). Plots
were made using GraphPad Prism8 (La Jolla,
CA, USA). Qualitative variables are reported as
frequencies or percentages. Quantitative
variables were evaluated using the t-test, while
qualitative variables were evaluated using by chi-
square test. P < 0.05 was considered statistically
significant.

RESULTS
Patient profile

Eighty-four women were included in the study,
with 42 in each group. There were no significant
differences in demographic variables such as
age, weight, and week of gestation, between two
groups (Table 1).

Hemodynamics

Mean arterial pressure and heart rate at basal
level, measured in the ward, did not differ
significantly between two groups. Prior to
anesthesia, elevated arterial pressure and
accelerated heart rate were observed in two
groups, presumably related to patient tension.
After anesthesia there was a decrease in blood
pressure in both groups, and at the 1-h after
beginning of surgery, blood pressure in group A
was significantly lower than that in group B
(Figure 1). Heart rate in group A was significantly
lower than that in group B upon skin incision and
1-h after beginning of surgery (Table 2 and
Figure 2).

Table 1: Demographics and characteristics of patients

Variable Group A (n=42) Group B (n=42) P-value
Age (years) 26.67+3.46 26.83+3,64 0.83
BMI (kg/m?) 27.00+2.07 27.12+1.60 0.77
Gestational age (weeks) 39.09+0.45 39.09+0.53 0.54
Primipara/multipara 30/12 27/15 0.48
Mean ASA score 1.29+0.46 1.48+0.51 0.07
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Figure 1: Comparison of MAP between the 2 groups.
* P < 0.05. Group A = bupivacaine group: Group B =
bupivacaine combined with fentanyl group. MAP,
mean arterial pressure

Anesthesia effect

According to VAS, intraoperative maternal pain
was significantly lower in group B than in group
A. Therefore, the pain relief by combined drugs
was better than that of one drug alone. There
was no significant difference between two groups
in the time to onset of sensory block, but the time
to onset of motor block was significantly shorter
in group B than in group A, and the duration of
motor block was significantly longer in group B
than in group A. Based on the abdominal muscle
relaxation score, all patients in group B met the
surgical requirements of anesthesia, and more
people in group A scored grade Il or lll than in
group B (Table 3).
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Figure 2: Comparison of HR between the two groups.
*P < 0.05; Group A: Bupivacaine group; Group B:
Bupivacaine combined with fentanyl group; HR — heart
rates

Maternal and infant outcomes

A few women in both groups experienced
adverse effects such as stretch reflex, chills,
nausea and vomiting, but no more serious
adverse reactions such as respiratory depression
were observed in either group. Neurological
complications such as postoperative headache,
lumbar radiculopathy and cauda equina
syndrome occurred less in group B than in group
A within 2 days after surgery, but there was no
statistical difference between two groups (Table
4). There were no respiratory or circulatory
disturbances in the neonates of both groups after
birth. There was no significant difference in
Apgar scores at 1 and 5 minutes after birth
(Table 5).

Table 2: Hemodynamic variables of patients during operations

Time-point MAP (mmHg) P-value HR (times/min) P-value

Group A Group B Group A Group B
T0 82.98+1.24 83.72+1.53 0.98 86.33+1.34 85.73+1.62 0.89
T 85.34+1.46 86.13+1.57 0.95 90.21+£1.82 90.35+1.62 0.97
T2 82.09+1.22 84.35+1.86 0.68 84.52+1.54 87.43+1.62 0.43
T3 80.48+1.58 81.27+1.32 0.74 79.65+£1.72 84.33+1.56 0.02
T4 73.3+0.98 76.3+1.57 0.02 78.98+1.87 83.97+1.23 0.01
T5 83.17+1.21 82.93+1.42 0.78 85.92+1.73 85.21+1.65 0.93
Table 3: Anesthetic effect
Variable Group A Group B P-value
Sensory block onset time (seconds) 42.82+16.27 40.68+9.02 0.46
Motor block onset time (minutes) 7.61+1.14 5.88+0.86 <0.01
Motor block duration time (minutes) 121+20.54 161+23.79 <0.01
Visual analogue scale 5.04+0.40 2.95+0.27 <0.01
Muscle relaxation score I 36 39 0.44

I 5

1
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Table 4: Adverse reactions during and after the operations

Group Dragging pain Respiratory Nausea and Shiver Neurological
depression vomiting complications

A 2 0 3 2 4

B 3 0 3 1 1

p 0.65 1 0.56 0.17

Table 5: The Apgar scores for infants

Apgar score

Group 1 min after birth 5 min after birth

A 8.47+0.73 9.49+0.47

B 8.69+0.65 9.51+0.46

p 0.16 0.91

DISCUSSION clinical studies on effects of combined lumbar

Cesarean delivery is one of most common
surgical procedures [1,2]. Although cesarean
delivery could reduce the risk of birth injuries
such as asphyxia, shoulder dystocia, and
fractures, which are associated with moderate-to-
severe intraoperative pain [8]. The effect of
anesthesia not only affects early mobility and
breastfeeding, but is also associated with
postoperative complications such as
thromboembolism and may even induce chronic
pain [3]. The present study found that
bupivacaine combined with fentanyl improved
hemodynamic stability during cesarean section,
resulting in faster onset of anesthesia, longer
duration of motor block (compared to
bupivacaine alone), and showed no difference
from bupivacaine alone in terms of intraoperative
and intraoperative adverse reactions, neonatal
cardiopulmonary and circulatory function.

Local anesthesia is more commonly used than
general anesthesia for cesarean delivery [9]. It
allows the mother to remain awake and actively
participate in the delivery of the baby, avoiding
fatal risks of general anesthesia [10]. Spinal
anesthesia and epidural anesthesia have respect
advantages: the former is simple to perform and
provides reliable anesthetic blockade through
small doses of anesthetics, while the latter
provides stronger analgesic effects and
postoperative analgesia [11]. Both have their
own shortcomings: spinal anesthesia has been
associated with higher incidence of severe
hypotension, post-dural puncture headache, and
poor control of sensory levels; epidural
anesthesia demands higher dose, which is time
consuming, and has a high incidence of
inadequate block [12]. Combined lumbar and
epidural anesthesia has gained popularity is that
it combines the reliability of spinal anesthesia
with the flexibility of epidural anesthesia during
cesarean delivery [13]. However, evidence from

and epidural anesthesia is still insufficient [5].

Since the discovery of opioid receptors in the
brain and spinal cord, intrathecal injection of
opioids was recognized as an effective method of
analgesia [14]. Hydrophilic morphine causes
some of their analgesic effects through spinal
selectivity due to its slow clearance from the
spinal cord. However, hydrophilicity also leads to
slow penetration as well as slow onset of
analgesia, prolonged duration of metabolism in
the cerebrospinal fluid and the risk of delayed
respiratory depression due to possible diffusion
to the medulla oblongata. In contrast, lipophilic
opioids such as fentanyl, have a good clinical
profile with rapid onset of action, longer duration,
and less risk of delayed respiratory depression.
Therefore, fentanyl is a better choice for use in
combination with bupivacaine. However, there is
no consensus on the dose of opioids.

Previous studies have proposed that intrathecal
fentanyl as a supplement to bupivacaine should
be administered at a dose of 10 g to achieve
intraoperative pain relief and 12.5 ug to achieve
prolonged postoperative analgesia [15]. For
higher doses, studies have shown that the
duration of postoperative analgesia increases
with increasing doses of fentanyl. However, time
to regain motor and sensory are not prolonged.
This is contrary to the ceiling effect proposed by
some evidence [16]. It has been suggested that
20 — 30upg of fentanyl should be administered
intrathecally as a supplement to bupivacaine
anesthesia [17]. In this study, 30 ug of fentanyl
produced effective analgesia.

Common adverse reactions in cesarean delivery
include stretch reflex, chills, nausea and
vomiting. These adverse reactions not only
increase intraoperative maternal discomfort but,
more importantly, increase oxygen consumption,
which can cause hemodynamic instability and, in
severe cases, life-threatening organ dysfunction
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or cardiac arrhythmias. Although fentanyl
combined with local anesthetics provides
additional analgesia, it also increases the risk of
urinary retention, pruritus, excessive shock, or
respiratory depression [18]. Therefore, it is vital
to use as small dose of fentanyl as possible
when combining bupivacaine and fentanyl, and
to closely monitor maternal signs and symptoms
associated with epidural analgesia.

Opioids are commonly believed to cause nausea,
but in fact, intrathecal administration modalities
can prevent intraoperative nausea and vomiting
[19]. Several studies have shown that fentanyl
combined with local anesthetics significantly
reduces the incidence of perioperative nausea
and vomiting and reduces the consumption of
antiemetic medication during cesarean delivery
[20]. The incidence of nausea and vomiting was
similar in both groups in this study.

Previous studies have suggested that the
combination of sufentanil reduces the incidence
of shivering and visceral pain after spinal
anesthesia, which may be related to the
blockage of visceral neurotransmission by
sufentanil [21]. However, the number of adverse
reactions in our study was similar to that of
bupivacaine alone, differing significantly from the
results of previous studies. The difference
between studies may be attributed to some
influencing factors such as duration of fasting
and the straining of the peritoneum during
suturing. Therefore, studies with larger samples
are still needed to address these differences. In
terms of duration of anesthesia, our findings are
consistent with previous studies confirming that
opioids such as fentanyl or sufentanil combined
with  bupivacaine for cesarean anesthesia
prolongs the duration of analgesia and motor
block.

Limitations of the study

This study has some shortcomings, including the
lack of quantitative criteria for indicators such as
nausea, and the short observation period of the
trial and small sample sizes.

CONCLUSION

Bupivacaine combined with fentanyl improves
maternal hemodynamic stability during cesarean
section, with faster onset of anesthesia and
prolonged motor block, but is not different from
bupivacaine alone in terms of intraoperative and
intraoperative adverse reactions, neonatal
cardiopulmonary and circulatory  function.
Therefore, this anesthetic approach has definite
advantages over the use of fentanyl alone.
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