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Objective: The present study is designed to study the analgesic and sedative effect of
different doses of dexmedetomidine combined with butorphanol in continuous
analgesia after a cesarean section.
Methods: A total of 60 puerperae undergoing a cesarean section recruited from a
single center were divided into three groups according to the postoperative continuous
analgesia protocol: control group (100 mL of normal saline containing 10 µg/kg
fentanyl and 0.25 mg of palonosetron, 2 mL/h for continuous analgesia for 48 h), DB1
group (100 mL of normal saline containing 1.0 µg/kg dexmedetomidine, 4 mg of
butorphanol, 10 µg/kg fentanyl, and 0.25 mg of palonosetron, 2 mL/h for continuous
analgesia for 48 h), and DB2 group (100 mL normal saline containing 2.0 µg/kg
dexmedetomidine, 4 mg of butorphanol, 10 µg/kg fentanyl, and 0.25 mg of
palonosetron, 2 mL/h for continuous analgesia for 48 h). We compared the blood
pressure, heart rate, oxygen saturation, VAS score, Ramsay score, and adverse
reactions of puerperae among the three groups after surgery.
Results: The baseline data all have no significant difference in the three groups (p > 0.05).
Compared with those in the control group, the systolic blood pressure, diastolic blood
pressure, heart rate, and VAS score of the puerperae in the DB1 group and DB2 group
were significantly decreased at 6, 24, and 48 h (P < 0.05), while the Ramsay scores of
the puerperae in DB1 group and DB2 group were significantly increased at 6, 24, and
48 h (p < 0.05). At the same time, the systolic blood pressure, diastolic blood
pressure, heart rate, and VAS score of the puerperae in the DB2 group were
significantly lower than those in the DB1 group (P < 0.05), while the Ramsay scores of
the puerperae in DB2 group were significantly higher than those in the DB1 group
(P < 0.05). Also, there is no significant difference in oxygen saturation and adverse
reactions of puerperae among the three groups after surgery (p > 0.05).
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Conclusion: Dexmedetomidine combined with butorphanol can improve the analgesic
and sedative effects in continuous analgesia after a cesarean section, and the
analgesic and sedative effects of dexmedetomidine in the high-dose group are better
than those in the low-dose group.
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INTRODUCTION

Postoperative pain-induced stress can lead to a series of changes
in physiology, psychology, and behavior and adversely affect the
normal endocrine and immune functions of humans (1, 2).
Previous studies have shown that postoperative pain is closely
related to the occurrence of postoperative complications,
delays postoperative recovery, and affects patient prognosis
(3, 4). In addition, severe postoperative pain is considered to
be a high-risk factor for long-term chronic pain after surgery
(5, 6). After a cesarean section, pain seriously affects the daily
activities of the puerperium, and it is not conducive to early
postpartum lactation and lactation and hinders the
communication between the mother and the baby (7, 8).
Therefore, it is of great significance to provide good, safe, and
reliable analgesia to puerperae. Adequate postoperative
analgesia can not only relieve postoperative fatigue and
improve the comfort and satisfaction of puerperae but also
help to improve the quality of postoperative recovery of
puerperae (7, 8). However, there is currently no standard
protocol for postcesarean section analgesia.

Dexmedetomidine is an α2 adrenergic receptor agonist with
high selectivity and has sedative, analgesic, antisympathetic,
anxiolytic, and stress-reducing effects, while it rarely causes
respiratory depression (9–11). Butorphanol, an analgesic,
exerts its analgesic effect mainly by agonizing κ receptors and
partially antagonizing μ receptors (12). In addition,
butorphanol is widely used in postoperative patient-controlled
intravenous analgesia (PCIA), but it can cause many side
effects when used alone (13). However, clinical studies suggest
that dexmedetomidine can enhance the analgesic effect of
butorphanol, and its combination can reduce its adverse
effects (14, 15). In the present study, we designed to study the
analgesic and sedative effect of different doses of
dexmedetomidine combined with butorphanol in continuous
analgesia after a cesarean section.
MATERIALS AND METHODS

Ethics Statement
This study complied with the principles of the Declaration of
Helsinki and was reviewed and approved by the Ethics
Committee of the First Affiliated Hospital of Northern College
in Hebei Province. In addition, all volunteers who participated
in this study were informed about the content of this study
and signed an informed consent form.
2

Study Population
From January 2019 to December 2019, 60 puerperae undergoing
a cesarean section were recruited in the present study. These
puerperae must meet the following standards. Inclusion
criteria are as follows: (1) undergoing a cesarean section under
combined spinal–epidural anesthesia; (2) The American
Society of Anesthesiologists (ASA) grades of grades I to II; (3)
first birth, between 20 and 35 years old, with a height of 1.5–
1.75 m; and (4) informed and agreed to participsate in this
research. Exclusion criteria are as follows: (1) long-term use of
nonsteroidal anti-inflammatory drugs, opioids, tranquilizers,
and sedatives; (2) mental illness, intellectual disability, or
other reasons for the maternal inability to complete the pain
and sedation score; (3) preoperative heart rate below 50 bpm
with abnormal cardiac conduction and rhythm; (4)
neuromuscular endocrine diseases and allergic reactions to α2
adrenergic receptor agonists; (5) having a history of
abdominal surgery in the past; and (6) anesthesia fails, the
operation time is more than 2 h, the intraoperative blood loss
is more than 500 mL, or a second operation is required to
treat postpartum hemorrhage.
Anesthesia and Postoperative Analgesia
Protocol
All participants received combined spinal–epidural anesthesia,
with open venous access to infuse ringer sodium lactate (state
approval no. H20044239; Shandong Weigao Pharmaceutical Co.,
Ltd., Shandong, China) and choosing the lumbar 3–4 space as
the puncture point. Ephedrine hydrochloride injection (state
approval no. H22020730; Tonghua Baishan Pharmaceutical Co.,
Ltd., Jilin, China) or phenylephrine (state approval no.
H31021175; Shanghai Hefeng Pharmaceutical Co., Ltd., Shanhai,
China) is given to maintain circulatory stability according to
changes in the blood pressure and heart rate.

Sixty patients were divided into three groups according to the
postoperative continuous analgesia protocol: control group, DB1
group, and DB2 group. The control group received 100 mL of
normal saline containing 10 µg/kg fentanyl and 0.25 mg
palonosetron, 2 mL/h for continuous analgesia for 48 h. The
DB1 group received 100 mL of normal saline containing
1.0 µg/kg dexmedetomidine, 4 mg butorphanol, 10 µg/kg
fentanyl, and 0.25 mg palonosetron, 2 mL/h for continuous
analgesia for 48 h. The DB2 group received 100 mL of normal
saline containing 2.0 µg/kg dexmedetomidine, 4 mg
butorphanol, 10 µg/kg fentanyl, and 0.25 mg palonosetron,
2 mL/h for continuous analgesia for 48 h.
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Data Collection
Herein, we used a visual analogue scale (VAS) score to assess
pain at 6, 24, and 48 h after the cesarean section. Additionally,
VAS scores range from 0 to 10, with higher scores indicating
more severe pain. We used the Ramsay score to assess the
level of sedation at 6, 24, and 48 h after the cesarean section,
and the Ramsay scores range from 1 to 6, with higher scores
indicating higher levels of sedation. We collected the clinical
data of participants of age, height, weight, gestational week,
onset time of operation, fetal delivery time, duration of
surgery, and duration of anesthesia. At the same time, the
blood pressure, heart rate, oxygen saturation, VAS score, and
Ramsay score were also being determined at 1, 6, 24, and 48 h
after the cesarean section. In addition, the adverse reactions
including malignant vomiting, dizziness, itchy shin,
bradycardia, and low blood pressure were also recorded
immediately after surgery to 1 week after surgery.
TABLE 2 | Comparison of systolic blood pressure of puerperae at different
times after surgery among three groups (mean ± SD, mmHg).

Group n Postoperative time (h)
Statistical Analysis
Data in the present study were analyzed by SPSS 19.0 software
(SPSS Inc., Chicago, USA). Qualitative data are presented as
counts (%), and p-values are calculated using chi-square or
Fisher’s exact test as appropriate. The Kolmogorov–Smirnov
test was used to check whether quantitative data conformed to
a normal distribution; data that conformed to a normal
distribution were presented as mean ± standard deviation, and
an unpaired Student’s t-test was used to compare differences
and calculate p-values. Quantitative data that did not conform
to a normal distribution were presented as the median
(interquartile range), and the Mann–Whitney U-test was used
to compare differences and calculate p-values. p < 0.05 were
considered statistically significant.
1 6 24 48

Control
group

20 126.9 ± 11.2 133.8 ± 8.9 123.6 ± 10.2 117.8 ± 8.9

DB1
group

20 120.5 ± 13.2* 123.8 ± 13.5* 117.4 ± 12.3* 114.7 ± 11.2*

DB2
group

20 110.3 ± 10.5*# 108.3 ± 8.7*# 110.2 ± 8.9*# 110.5 ± 10.8*#

F 7.628 13.125 8.127 4.326

p <0.001 <0.001 <0.001 0.041

Compared with the control group, *p < 0.05; compared with the DB1 group, #p < 0.05.
RESULTS

Demographic and Surgical Characteristics
The baseline data including characteristics including age, height,
weight, and gestational week and surgical indicators including
the onset time of operation, fetal delivery time, duration of
surgery, and duration of anesthesia all have no significant
difference in the three groups (p > 0.05) (Table 1).
TABLE 1 | Comparison of demographic and surgical indicators among three grou

Groups/variables Control group (n = 20)

Age (years) 29.4 ± 5.8

Height (cm) 161.8 ± 9.2

Weight (kg) 70.5 ± 10.8

Gestational week (weeks) 37.5 ± 1.9

Onset time of operation (min) 16.5 ± 3.8

Fetal delivery time (min) 23.8 ± 3.5

Duration of surgery (min) 63.5 ± 9.2

Duration of anesthesia (min) 80.5 ± 11.2
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Postoperative Blood Pressure, Heart Rate,
and Oxygen Saturation
At 1, 6, 24, and 48 h after the cesarean section, the systolic blood
pressure (Table 2), diastolic blood pressure (Table 3), and heart
rate (Table 4) of puerperae in the DB1 group and DB2 group are
all significantly lower than those in the control group (p < 0.05),
and the systolic blood pressure, diastolic blood pressure, and
heart rate of pirpera in the DB2 group are all significantly
lower than those in the DB1 group (p < 0.05). However, there
is no significant difference among these three groups in
oxygen saturation of puerpera (p > 0.05) (Table 5).

VAS Score for the Analgesic Effect
The VAS scores of puerperae at 6, 24, and 48 h after the cesarean
section in the DB1 group and DB2 group are all significantly
lower than those in the control group (P < 0.05), and the VAS
scores of puerperae at 6, 24, and 48 h after the cesarean
section in the DB2 group are significantly lower than those in
the DB1 group (P < 0.05) (Table 6).

Ramsay Score for the Calming Effect
The Ramsay scores of puerperae at 6, 24, and 48 h after the
cesarean section in the DB1 group and DB2 group are all
significantly higher than those in the control group (p < 0.05),
and the Ramsay scores of puerperae at 6, 24, and 48 h after
the cesarean section in the DB2 group are significantly higher
than those in the DB1 group (p < 0.05) (Table 7).
ps (mean ± SD).

DB1 group (n = 20) DB2 group (n = 20) p-Value

30.5 ± 6.2 30.7 ± 5.9 0.672

162.0 ± 10.5 161.7 ± 9.5 0.135

68.9 ± 10.2 69.7 ± 10.2 0.415

38.3 ± 1.5 38.1 ± 1.8 0.223

16.3 ± 3.7 16.2 ± 3.5 0.527

23.9 ± 5.1 23.7 ± 4.8 0.408

60.5 ± 10.2 62.3 ± 0.411

77.9 ± 13.2 79.8 ± 10.7 0.302
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TABLE 4 | Comparison of the heart rate of puerperae at different times after
surgery among three groups (mean ± SD, n/min).

Group n Postoperative time (h)

1 6 24 48

Control group 20 73.6 ± 8.2 81.5 ± 9.2 80.4 ± 9.1 84.2 ± 7.5

DB1 group 20 70.3 ± 8.0* 76.6 ± 9.4* 76.8 ± 9.2* 76.6 ± 6.5*

DB2 group 20 67.8 ± 6.5*# 65.4 ± 5.8*# 66.9 ± 5.7*# 66.3 ± 6.2*#

F 8.159 9.426 13.082 10.328

p <0.001 <0.001 <0.001 <0.001

Compared with the control group, *p < 0.05; compared with the DB1 group, #p < 0.05.

TABLE 5 | Comparison of oxygen saturation of puerperae at different times
after surgery among three groups (mean ± SD, %).

Group n Postoperative time (h)

1 6 24 48

Control group 20 98.5 ± 1.4 97.8 ± 1.1 98.0 ± 0.9 98.2 ± 0.7

DB1 group 20 98.3 ± 1.3 97.5 ± 1.0 97.8 ± 0.9 98.0 ± 0.8

DB2 group 20 98.4 ± 1.5 97.8 ± 1.3 98.1 ± 1.1 98.0 ± 0.8

F 0.841 0.921 0.756 0.792

p 0.372 0.264 0.492 0.415

TABLE 7 | Comparison of Ramsay scores of puerperae at different times after
surgery among three groups (mean ± SD, score).

Group n Postoperative time (h)

6 24 48

Control group 20 2.1 ± 0.6 2.6 ± 0.5 2.3 ± 0.3

DB1 group 20 2.6 ± 0.6* 3.1 ± 0.4* 2.6 ± 0.5*

DB2 group 20 2.9 ± 0.0*# 3.4 ± 0.5*# 2.8 ± 0.3*#

F 4.439 8.942 4.908

p 0.039 <0.001 0.035

Compared with the control group, *p < 0.05; compared with the DB1 group, #p < 0.05.

TABLE 6 | Comparison of VAS scores of puerperae at different times after
surgery among three groups (mean ± SD, score).

Group n Postoperative time (h)

6 24 48

Control group 20 3.1 ± 0.8 2.5 ± 0.4 1.9 ± 0.6

DB1 group 20 2.6 ± 0.6* 1.8 ± 0.6* 1.4 ± 0.7*

DB2 group 20 1.8 ± 1.0*# 1.4 ± 0.6*# 1.1 ± 0.4*#

F 6.829 13.218 10.081

p <0.001 <0.001 <0.001

Compared with the control group, *p < 0.05; compared with the DB1 group, #p < 0.05.

TABLE 3 | Comparison of diastolic blood pressure of puerperae at different
times after surgery among three groups (mean ± SD, mmHg).

Group n Postoperative time (h)

1 6 24 48

Control group 20 72.3 ± 8.6 78.8 ± 9.3 71.8 ± 7.6 69.2 ± 5.3

DB1 group 20 68.3 ± 7.3* 69.2 ± 6.3* 69.5 ± 4.7* 69.2 ± 4.4*

DB2 group 20 67.8 ± 6.8*# 68.3 ± 6.7*# 67.1 ± 5.6*# 67.2 ± 5.5*#

F 4.932 7.921 5.031 3.729

p 0.038 <0.001 0.021 0.048

Compared with the control group, *p < 0.05; compared with the DB1 group, #p < 0.05.

Liu et al. Dexmedetomidine and Butorphanol for Analgesia
Adverse Reactions
There is no significant difference among the control group, DB1
group, and DB2 group in the adverse reactions at 48 h after
surgery (p > 0.05) (Table 8).
DISCUSSION

In this study, we found that continuous intravenous infusion of
dexmedetomidine along with butorphanol in PCIA after a
cesarean section could lead not only to pain reduction and
enhanced analgesic effect (according to VAS) but also
improved sedative effects, while it did not affect the adverse
reaction. At the same time, we also found that high-dose
Frontiers in Surgery | www.frontiersin.org 4
dexmedetomidine was more effective for analgesia and
sedation than low-dose dexmedetomidine.

The use of opioids alone for sedation after a cesarean section
has many disadvantages. On the one hand, the analgesic effect is
insufficient (16). On the other hand, the application of high-
dose opioid analgesics significantly increased the incidence of
postoperative nausea, vomiting, and respiratory depression
(17). In addition, the safety of many analgesics excreted in
breast milk in newborns is uncertain (16, 17).
Dexmedetomidine is a nonopioid drug with both peripheral
and central analgesic effects, and it is a selective α2
adrenoceptor agonist, which can reduce sympathetic nerve
activity, the release of catecholamines, and the harmful
stimulation caused by surgery and has a certain protective
effect on important organs. Results from a randomized and
placebo-controlled study have shown that the combination of
sufentanil and dexmedetomidine for PCA after a cesarean
section can reduce sufentanil consumption and improve
parturients’ satisfaction compared with sufentanil PCA alone
(18). In addition, a recent study indicated that adding
dexmedetomidine to the postoperative analgesia regimen for a
cesarean section could enhance postoperative analgesia and
improve satisfaction (19). In previous studies (20–22), the
doses of dexmedetomidine for sustained analgesia after a
cesarean section included 0.08, 0.5, and 3 µg/kg/h, so we
administered 1.0 and 2.0 µg/kg/h dexmedetomidine to
determine the dose-dependent effect and optimal dose of
analgesic management with PCIA in the present study.
2022 | Volume 9 | Article 896536
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TABLE 8 | Comparison of adverse reactions at 48 h after surgery among three groups (n, %).

Group N Malignant vomiting Dizziness Itchy shin Bradycardia Low blood pressure Total

Control group 20 3 (15.0) 0 (0.0) 2 (10.0) 0 (0.0) 0 (0.0) 5 (25.0)

DB1 group 20 1 (5.0) 0 (0.0) 0 (0.0) 1 (5.0) 0 (0.0) 2 (10.0)

DB2 group 20 1 (5.0) 0 (0.0) 0 (0.0) 1 (5.0) 1 (5.0) 3 (15.0)

Liu et al. Dexmedetomidine and Butorphanol for Analgesia
Furthermore, cesarean section-induced pain is not only from
incision but also from uterine contraction during uterine
involution, and there is no evidence suggesting that opioids
are effective for uterine contraction pain (16). Butorphanol
exerts an analgesic effect through the dual action of opioid
receptor agonism-antagonism, and its single application has a
definite effect on the treatment of severe and moderate pain
(12, 13). More importantly, butorphanol can also relieve
visceral pain, which can make up for the lack of opioid
analgesics in postoperative analgesia for mothers (23, 24). In
this study, we found that maternal addition of butorphanol
for analgesia was effective in reducing uterine cramping pain,
suggesting that butorphanol can relieve visceral pain in
postcesarean section analgesia. Postoperative pain is the main
factor leading to postoperative sleep deprivation, and patients
with severe sleep deprivation are prone to postoperative
hyperalgesia (25, 26). In addition, butorphanol has many
advantages for PCIA after a cesarean section because of its
unique pharmacological properties. First, the analgesic
mechanism of butorphanol is mainly achieved by activating κ
receptors, and the activation of κ receptors enables it to exert
a more potent analgesic effect in the treatment of visceral pain
(23, 24). Second, the milk secretion rate of butorphanol is low,
and the drug concentration in maternal milk at therapeutic
doses is extremely low, so there is almost no obvious adverse
effect on the newborn (27).

Dexmedetomidine acts on the α2 adrenoceptor agonist in the
nucleus locus coeruleus, reduces the release of norepinephrine,
simulates natural sleep, and produces sedative, hypnotic, and
anxiolytic effects (28, 29). In the present study, we found that
dexmedetomidine combined with butorphanol can improve
the sedative effects (according to the Ramsay score) in
continuous analgesia after a cesarean section, and the
analgesic and sedative effects of dexmedetomidine in the high-
dose group are better than those in the low-dose group, which
is consistent with the findings of Zhang et al. (30). Zhang
et al. found that dexmedetomidine was more effective than
sufentanil for maternal labor sedation, and the analgesic and
sedative effects of dexmedetomidine in the high-dose group
were better than those in the low-dose group (30).

Postoperative pain can induce adverse events, such as
cardiovascular disease, respiratory depression, digestive and
urinary system dysfunction, and neuroendocrine disorders,
which bring great discomfort to patients and seriously affect
the postoperative recovery of patients (31, 32). At the same
time, although the use of unreasonable postoperative
analgesics can effectively control pain, it can also cause
adverse reactions, such as malignant vomiting, dizziness, itchy
skin, bradycardia, and low blood pressure (33, 34). Therefore,
Frontiers in Surgery | www.frontiersin.org 5
to date, there is still no accepted and optimal analgesic
regimen for postoperative pain. In our study, we found that
the addition of dexmedetomidine combined with butorphanol
to the basic postoperative analgesia regimen enhanced the
analgesic effect without increasing the adverse reactions in
patients, which suggested that dexmedetomidine combined
with butorphanol is not only effective in postoperative
analgesia and sedation but also safe in puerperae after a
cesarean section.

There were several limitations to our study. First, we only
studied the effect of dexmedetomidine combined with
butorphanol on mothers and did not study the content of
dexmedetomidine and butorphanol in maternal milk and
whether they affected neonates. Second, the sample size
included in this study is small, so the results may be biased to
a certain extent. The results of this study need to be further
verified by a systematic study with large sample size. At last,
we only analyzed two doses of dexmedetomidine, and more
doses of dexmedetomidine need to be studied to further
explore the optimal dose for clinical application.
CONCLUSION

Dexmedetomidine combined with butorphanol can improve the
analgesic and sedative effects in continuous analgesia after a
cesarean section, and the analgesic and sedative effects of
dexmedetomidine in the high-dose group are better than those
in the low-dose group.
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